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MHNYMA THZ OPIANQTIKHZ ENITPOMHZ TOY ZYNEAPIOY
EIZArQriko ZHMEIQMA EAEBIT

Ayamntoi ZUvedpol kat MéAn tng EAEBIT,

Me Ouaitepn xapd oag kaAwoopioupe oto 11° MaveAAnvio Zuvédplo tng EAAnvikng Etaipeiag
Blolatpikng TexvoAoyiag (EAEBIT)!

‘Otav t dekastia tou 70 10pudtav n etalpeia iowg 0ev Ba pTopoUce KAVEIC va pavtactel moon PeyAAn
otopia Ba pmopouoce icwg va ypayel kat to poAo mou Ba pmopouce va Sladpapaticsl oTd EMOTNHOVIKA,
EMAYYEAUATIKA Kal TEXVOAOYIKA OpWHEVA TOU XwpPou TNG Blolatplkng Ttexvoloyiag Kat
BlolatplkNG/ KAIVIKNG HNXAVIKNG - TOMEIG TTOU TOV KALPO EKEIVO €ixav apxioel va «OgiXxvouy To TPOcwTo
TOUG» aAAd Kal Tn onpacia toug yld To XwPo tng uyeiag. ‘Otav maAl tnv mepiodo 2008-2010 n EAEBIT
Eeklvouoe va emavadpactnplomoleital mionpa HETA amd oAtyoxpovn malon OpactneloTATwWY, TAAL
Kaveig 0 @avtaldtav tov 0ykKo TG OOUAELAC Kal TNV €viacn mou Ba amattouvtay yla va Kadlepwbei wg
pla otabepn Kat onpaivouca agia oto xwpo, e t dlopydvwon o€ otabepn ot Bdon tou MaveAArRviou
Zuvedpiou NG aAAd Kal TANBOG EMOTNHOVIKWY Kal EKTTALGEUTIKWY EKONAWGCEWY HE EMKEVTPO BEPata
TOU XWpPou Tng Blolatpikig TexvoAoyiag Kat tng KAVIKAG MnXavikig.

H EAEBIT, w¢ 10 KATe€OXAV EMOTNUOVIKO CWHATEIO KAl W 0 POPEAC TOU XWPOU TNG Blolatplkng
TexvoAoyiag amookoTEl 6TV gvioxuon TN £pEuvag, TNV mpowbnon tng ekmaideuong Kat tn BeAtiwon
TOU EMOTNHOVIKOU Kal EMAYYEAHATIKOU TOTOU 0TO Xwpo TG TexvoAoyiag tng Yyeiag, tng Blolatpikig
kat KAVIKNG Mnxavikig kat twv ocuvagwy mediwyv. Mpv 4 xpovia n EAEBIT idpuce Tpnpa KAWIKAG
Mnxavikig (Clinical Engineering Chapter) otoug KOATIOUG TNG Yld va TApakoAouBsi Kal va gPmAEKETAL
O ATOTEAEOHATIKA ota Oépata tou mediou autou. Xtabepd mAfov, n EAEBIT cuvexilel va €xel Olebvn
eUBEAEla wg pEAOG TG European Alliance for Medical and Biological Engineering & Sciences (EAMBES),
¢ International Federation of Medical and Biological Engineering (IFMBE) pe gvepyd €umAOKR oTa
Clinical Engineering kat Healthcare Technology Assessment TuApatd tng, Kat wg WOPUTIKO PEAOG TNG
Global Clinical Engineering Alliance (GCEA) tng mo onuavtikng Oebvoug mpwtoBoUAiag yla Tto
OUVTOVIOHO Kal TNV mpowdnon tng KAVIKAG MNXavIKAG w¢ EEXwPLoTO Kal 1dLaitepo Topéa tng Blolatpikig
TexvoAoyiag.

To @etivd 11° MaveAAnvio Zuvedplo tng EAEBIT éxel pla e€éxouca kat onpeloAoyilkn aia: yiverat
mapdAAnAa pe to 2° MaveAAnvio Zuvédplo Ducikwyv Emotnuwy otnv Yyeia tg EAAnvikng Etaipeiag
Navolatpikng otig Emotnpeg Yyeiag (EAENEMY) mou £xel w¢ 6TOX0 va avadeifel TIG KAIVOTOUIES, TIG VEEG
TACELG KAl TIG TTPOOTITIKEG TWV EMOTNHOVIKWY £EEAIEEWY Kal epappoywy Twv Ducikwy Emotnpwy otov
Xwpo ¢ Yyeiag.

H cuvdlopydavwon twv dUo cuvedpiwY QEPEL ETIONG Yia TTPWTN POPA Kal TNV atyida Kat UmootnpLEn
¢ Etaipiag ducikwy latpikng EAAGdag (EQIE) aAAd kat tou Ymoupyeiou Yyeiag. To yeyovog autd amo
HOVO TOU ATOTIPATAL WG Hid TTOAU ONPAVTIKA CUVEPYAGLA EMOTNHOVWY AT cuvagn medida, EVICXUOVTAG
10 O1AAOYOC Kal TNV aviaAAayn YVWOEwWY, TTOU avoiyel o OpOHOC yid akopa HEYAAUTEPEG Kal OLEBVEIG
ETMOTNHOVIKEG OLOPYAVWOELG.

Mua tétola Aotmév pakpompobeopn cuvepyacia katl otoxobeoia emdlwketat: n EAEBIT amd kowvou padi
pe tnv EQIE (aAAd kat tTnv EAENEMY) Oiekdikouy yia mpwtn @opd va @épouv otnv EAAGda to 2031 1o
Maykoopio Zuvédplo latpikng Pucikig kat Blolatpikng Mnxavikng (IUPESM World Congress for Medical
Physics and Biomedical Engineering) tng AleBvoug ‘Evwong Etaipeiwv latpikig Ouotkng kat Blolatpikig
Mnxavikig (IUPESM). Mpodkettatl ya to World Congress on Medical Physics & Biomedical Engineering
(WC2031) tnv dlopydvwon Tou omoiou OLeKOIKEL N EAAGSa amévavtt oTny avtiotowxn lamwvikn.
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Me emiyvwon Aoumov twv mPoBANUATwWY Tou Tapovtog Xpovou, aAAd pe To BAEupa oto PEAAOV Kal Pe
otoxo va avadeixbei o poAog Tng EAAGSAC otny £peuva Kal TV Kailvotopia otov topéa tng Yyeiag oag
xaipeti{oupe otn @eTviy dlopydavwon, TG omoiag to mpldypappa eivat mAouclo, n Os €kBeon Kal
OUMHETOXN TWV ETALPELWY TOU XWPOU €ival n PeyaAutepn OAwv Twy etwv! Mépa amd tnv mpoondbela
yla mapaywyn MPakTikwy Tou Zuvedpiou UPNARG EMOTNHOVIKAG TOLOTNTAG Kal €Kdoon Toug He ISBN, to
OTI0l0 £XOUUE KATAPEPEL VA TO KAVOUUE BEop0, 0To ZUVEDPLO auTd TTpowboUpE TNV akadnpaikn auAAa
TWV VEWV EPEUVNTWY TPEXovtag To Alaywviopod KaAutepng doutntikng Epyaciag (Student Paper
Competition). EmmA£ov éxel uTdpEel pépiva yia t Onpooicuon Twv mepAlYewy o€ EdIko Teuxog
(special issue) tou Health Informatics Journal.

KAgivovtag autd to Elcaywylkd Inpeiwpa 6a OEAape va uxaploTicoupse OAOUG TOU CUHHETEXOVTEG,
KaBwg Kal OAn TNV OLKOYEVELD TWV XOPNYWVY EKOETWY KAl UTTOOTNPIKTWY TN EAEBIT yia t dlapkn Kat
EUTTPAKTN CUUTIAPAOCTACH TOUG OE OAEC TIC CUVONKEG TTOU €XOUHE AVTIHETWTTIOEL. Na EUXAPLOTACOUME Td
HEAN tng Emotnupovikig kat Tomkng Texvikng Emtpomng ywa 1o {AAo mou emédel§av wote va
OlopyavwBei autd to uynAou emmédou cuveédplo. Euxdpaote KaAn amoAauon Kat ag sivat «autd to
JZUVEDPLO TO KAAUTEPO GUVEDPLO TIOU EXOUKE OLOPYAVWOEL... WG TO ETOHPEVO! »

Ek pépoug tng Opyavwtikig Emtpomng tou 11° MaveAAnviou Zuvedpiou Kat tou AX tng EAEBIT,
Mavaywtng Mmapidng

AAkivoog ABavaciou

BaclAkn ZnAidou
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EIZArQriKO ZHMEIQMA EAENENY

H EAAnvikn Etaipeia Navolatpikng otig Emotipeg Yyeiag (EAENEMY) eivat pa Oemotnyovikn
EMOTNHOVIKN €Talpeia mou 10pubnke to 2016 pe okomo TtV mpowbnon tng NavotexvoAoyiag oTig
Emotipeg Yyeiag.

2TouG otoxoug Tng EAENENY mepAapBavovrat:

e H mpowBnon tng yvwong oxeTikda pe tnv Navotexvoloyia otig Emotipeg Yyeiag.

e H avadei€n kat mpoBoAn £pEUVNTIKWY, EKTAIOEUTIKWY, KAl EMXEPNHATIKWY OpACTNPIOTATWY TwWV
HEAWY TNG eTalpEiag os €BVIKO Kat dleBvEC emimedo.

e H mpowbnon tng cuvepyaciag, avamtuéng CUVEPYLWY KAl CUUTANPWHATIKOTNTAG HETAEU TwV HEAWY
NG £TAIPEIAC.

e H evioxuon ocuvepyaclwy PETAEU EAANVIKWY Kal aAA0OATIWV POPEwWY TTou dpactnplomolouvtal oToV
topéa tng Navotexvoloyiag otig Emotnpeg Yyeiag.

e H mpowbnon emiAuong Bepdtwy mou apopoUVv TO VOUIKO TAdIGLO TTou oXeTiletal Pe OpacTnPLOTNTEG
€PEUVAg Kal avamtuéng Kabwg Kat EMXEPNHATIKEG OPACTNPLOTNTES, OTOV Topéa TNG NavotexvoAoyiag
otig Emotnpeg Yyeiag.

210 TAdiolo autwyv twv Opdceswyv, n EAENEMY diopyavwvel to 2° MaveAAnvio Xuveédpio Duoikwv
Emotnuwy otnv Yyeia mou €xel wg 0TOX0 va avadei&el TI KAIVOTOUIES, TIG VEEG TACELG KAl TIG TTPOOTITIKEG
TWV EMOTNHOVIKWY £EEAIEEWY Kal e@appoywV Twv Ducikwy Emotnpwy otov xwpo tng Yyesiag épvovtag
o€ ema@n avbpwmoug amd Tov akadnpaikd XwpPo, Ta VOOOKOUEIa Kal Th Blopnxavia. ATwTEPOL 6TOXOL
givat n dlaxuon g Yvwong Kal TNG £pEUvAg ALXHUNG, PE £0TIACN OTIG KALVOTOMIES TTOU avamTUcooVTdl Ao
10 XWpPo Twv Guoikwv Emotnpwy oto medio tng Yyeiag, n evioxuon Twv GUVEPYAGLWY OTO EUPUTEPO KAl
Taxéwg eEeAlooopevo medio Ttwv €@appoywyv Twv Quolkwyv Emotnuwv otnv Yyeia kabwg Kat n
AAANAETiOpacn OAWV TWV EMOTNHOVWY TNG XWPAG HE oUVAQPN YVWOTIKA AVTIKEIPEVA €VTOg Tou mediou
Twv Duoikwv Emotnpwy, t000 PETAEU TOug, 000 KAl HE TOUG LATPOUG Kal TOUG AomoUg €MOTAHOVEG
uyeiag. Ac@aAwg, Kopu@aia emoiwén e€ival n €vepyog OCUPHETOXN TwWV VEWV EMOTNHOVWY KAl n
aAAnAemidpaon Toug o€ £va uynAou emMTEGOU EMOTNHOVIKO YEYOVOG.

H @etivy cuvdlopyavwon tou 2ou MaveAAnviou Zuvedpiou Duoikwy Emotnpwy otnv Yyeia pe to 110
Juvédplo Bloiatpikng TexvoAoyiag tng EAEBIT eival pla onpavtikn cuvepyacia Tou QEPVEL KOVTA
EMOTAPOVEG amod ouvagn media, OmwS N PUOIKNA, N PNXavikn, n Blolatpikn TexvoAoyia Katl n atpikn.
Méoa amd auth Tn cuvavinon evioxuetal o OIAAOYOG Kal N avtaAAayn YVWOoEWY, VW avolyel o OpOHOG
yla akopa PEYaAUTEPEG Kat OLEBVEIC EMOTNHOVIKEG SLOPYAVWOELG OTO HEAAOV, HE OTOXO va avadeixOei o
pOAog TNg EAAGGAC otV £peuva Kal TNV Katvotopia otov Topéa tng Yyeiag.

0 MNpodedpog tng EAENENY

E. N. EuctaBomouAog
Kabnyntig latptkng OUotkng
latpikn ZxoAn, EKMNA
Avuurputavng EKMNA

© 2025 EAEBIT- EAMnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY-EAAnvikn Etaipia Navotexvodoyiag otig Emiotripeg Yyeiag
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




EAEBIT || 7||° uem—

www.elevit.org.gr NANEAAHNIO SYNEAPIO duokwy Emotnuwy otnv Yyeia: 21-2315 12025

BIOTATPIKHE TEXNOAOTIAL Kawotopieg kat MpooTTikeg Arva | EAN\Gda
@: EAENE[TY I/l

ERrvents Etaugein Novoreshayiag ans Enantues Teiog

XPYZOI XOPHI Ol

SIEMENS
Healthineers

SIEMENS Healthineers EAAGc AE

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 7
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://www.siemens-healthineers.com/gr

EAEBIT || 7||° m—m——

www.elevit.org.gr MNANEAAHNIO SYNEAPIO dUOIKGV ETHaTnpV oty Yyela: 21 '23 | 5 | 2025
LT BIOIATPIKHE TEXNOAOTIAZ Kawotopiec kat MpooTTikég Abnva | EMada
vo S:EAENETTY [
L] ® o @ Charmants Etaipeia Novoreradcyios atg Entfues Treic

XPYZOI XOPHI Ol

E HealthCare

GE HealthCare AE

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://www.gehealthcare.com/

©
EAEBIT ﬂ"l ﬂ"l 20 MaveMvio ZuvEdpLo 21-23 15 | 2025

www.elevit.org.gr NANEAAHNIO IYNEAPIO duoikwy Emotnpwy otny Yyeia: ; )
bk BIOIATPIKHZ TEXNOAOTIAZ Kawotopieg kat Mpoorttikeg Aenva | EA\ada

XPYZOI XOPHI Ol

NTISEL

ANTISEL AE

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://antisel.gr/

EAEBIT || 7| pm—

www.elevit.org.gr NANEAAHNIO SYNEAPIO DoKWV EToTpWY otnv Yyeia: 21 -23 | 5 | 2025

“;:.‘ - BIOIATPIKHE TEXNOAOTIAS Kawvotopiec kat MPpoomTIkeg Aer']va | EAAGOa
, L]
e ?5: EAENETTY

o S et R

XPYZOI XOPHI Ol

ICON DYNAMICS

|ATPIKA 2Y2XTHMATA

ICON DYNAMICS

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 10
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://icondynamics.gr/

©
EAEBIT @"l ﬁl" 20 MaveMrvio Zuvédplo - 21-2315 | 2025

. www.elevit.org.gr NANEAAHNIO SYNEAPIO DUCIKWY Ervuornptbv cran\(aiQ. ) ;
‘;.‘ 5 BIOIATPIKHE TEXNOAOTIAS Kawotopieg kat MpoomTikeg Abnva | ENada
o. d‘

EAENENY

API'YPOI XOPHI Ol

PAPAPOSTOLOU

HEALTHCARE TECHNOLOGIES
est. 1914

MAMAMOZTOAOY N.AE

PHILIPS

DIAINZ EAAAZ MONOMPOZQIMH A.E.B.E.

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 11
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://www.papapostolou.gr/
https://www.philips.gr/healthcare

www.elevit.org.gr 2123 | 5 | 2025

O ZYNEAPIO

EAEBIT ©
20 MaveAArvio Zuvedplo
NANEAAHN APIO

~ duoikwy Emotnuwy otnv Yyeia: ; )
e Y BIOIATPIKHE TEXNOAOTIAE Kawotopieg kat MpooTtikég AeI’]VG | EM\ada

FEHEAENENY

API'YPOI XOPHI Ol

FA

AGFA-GEVAERT AEBE

INB'T

INZTITOYTO BIOIATPIKHZ TEXNOAOIIAZ

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 12
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://www.agfa.com/corporate/
https://www.inbit.gr/

©
EAEBIT @"l ﬁl" 20 MaveMrvio Suvédplo - 21-23 15 | 2025

www.elevit.org.gr NANEAAHNIO SYNEAPIO duoikwy Emotnuwy otnv Yyeia:

'..;.-‘ E /\ENEHY BIOJATPIKHZ TEXNOAOTIAS Kaworopieg kat Mpoomtikég Arva | EAN\Gda

API'YPOI XOPHI Ol

KARVONIS ANT. & CO EE

e Scientific Equipment e

KAPBONHZ ANT. & ZIA EE

(-9Elekta

EAEKTA ENE

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 13
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://www.karvonis.gr/
https://www.elekta.com/

©
EAEBIT ﬂ"l ﬂl" 20 MaveMrvio Zuvédplo 21-23 15 | 2025

) www.elevit.org.gr NANEAAHNIO SYNEAPIO DUCIKWY Er’ucrnpu'uv oranYSia: ) ;
s BIOJATPIKHE TEXNOAOTIAZ Kawortopiieg kat MpooTrTikée Abrva | EMada

L/

API'YPOI XOPHI Ol

TELMACO SA

EIATKOL
AOTAPIAEMO?
KOMNAYAICQN
EPEYMNAZ
A.MN.O.

EAKE AMNO©

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 14
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences



https://www.telmaco.gr/el/
https://rc.auth.gr/

©
EAEBIT ﬁl" ﬁ"l 20 MaveMivio Suvésplo 21-23 15 | 2025

www.elevit.org.gr NANEAAHNIO ZYNEAPIO duoikwy Emotnuwy otnv Yyeia: ; B
e BIOIATPIKHZ TEXNOAOIIAZ Kawotopieg kat Mpoorttikeg Aenva | EA\ada

¥eSEAENETY il

BAZIKOI XOPHIOI

EMM.MPAMATEYTAKHZ & ZIA O.E.E.

CE K

NE

BI
T

CEnter for NEurosciences & BIomedical Technology o NEupoenioTnuov & BIOoi
Private Company IwTIKA Kealaiouyikn ETaipeia

CENEBIT

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 15
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences




©
EAEBIT ﬁ"l ﬁ"l 20 MaveMrvio Zuvédplo 21-23 15 | 2025

) www.elevit.org.gr NANEAAHNIO ZYNEAPIO duoikwy Emotnuwy otnv Yyeia: , ,
e BIOIATPIKHZ TEXNOAOTIAS Kawotopieg kat MpoorTTikée Abrva | EMada

FSSENENETY il

RAYMED

MEDICAL TECHNOLOGY

RAYMED ETNE

BAZIKOI XOPHIOI

FUJIFILM HELLAS AE

FUJI HELLAS AE

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 16
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences




EAEBIT || A"

- 20 MaveArvio Zuvedplo }
www.elevit.org.gr NANEAAHNIO SYNEAPIO duoIKWV EToTpwy otnv Yyeia: 21 23 | 5 | 2025

BIOIATPIKH TEXNOAOTIAS KawoTopieg kat MPOOTTIKEG ABnva | EAGda

FOSENENETTY -1l

YNOXTHPIKTEX

IEINAOZKOIMIKH.<

Technology
e for Life

1963

NMANOYAHZ .
IATPIKH TEXNOAQOTIA nrager

nomon’ HERWES

I N F n H M A T I l: 5 5. A- Human Extremity Robotic Rehabilitation & Outcome Enhancement for Stroke

N EO0SC | RAISE

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 17
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences




©
EAEBIT ﬁ"l @"I 20 MaveMrvio SuvEdplo 21-2315 | 2025

www.elevit.org.gr NANEAAHNIO ZIYNEAPIO duokwyv Emotnpwy otnv Yyeia: ; B
BIOIATPIKH TEXNOAOTIAS KawoTopieg kat MPOOTTIKEG Abnva | ENada

FOSENENETTY -1l

YNOXTHPIKTEX

&% evomed  [Fppa.

MEDICAL

A & L Medical Supplies S.A.

mediray
2
wdovo@

Healthcare Anytime Anywhere

Ef; BIOKOSMOS

RADIOPHARMACEUTICALS

EPTALTHPIO MEDICAL
IATPIKHZ PHNSICS
ONLIKHL + +DIGITAL
YHOIAKHY INNONATION
KAINOTOMIAL LAB

TMHMA [ATPIKHE SCHOOL of MEDICINE
APIZTOTEAEIO MANEMIZTHMIO OEZZANONIKHE ARISTOTLE UNIVERSITY of THESSALONIK]

© 2025 EAEBIT- EAAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY - EAAnvikn Etaipia Navotexvooyiag otig Emiotripeg Yyeiag 18
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY - Hellenic Society of Nanotechnology in Health Sciences




EAEBIT

www.elevit.org.gr

|| A|”

MANEAAHNIO IYNEAPIO
BIOIATPIKHZ TEXNOAOIIAZ

20 MaveMrjvio ZuveEdplo

duoikwy ETiotnuwy otnv Yyeia:
Kawotopieg kat MpoomTikeg

21-23 1512025
ABnva | EAGda

110 MANEAAHNIO ZYNEAPIO EAAHNIKHZ ETAIPEIAZ BIOIATPIKHZ TEXNOAOFIAZ (EAEBIT)
11th PANHELLENIC CONFERENCE OF THE HELLENIC SOCIETY OF BIOMEDICAL TECHNOLOGY (ELEVIT)

20 MANEAAHNIO XYNEAPIO ®OYZIKQN EMZTHMON ZTHN YTEIA: KAINOTOMIEZ KAI NMPOOMNTIKEZ
2nd PANHELLENIC CONFERENCE OF NATURAL SCIENCES IN HEALTH: INNOVATIONS AND PERSPECTIVES

OPFANQTIKH EMITPOMH | ORGANIZING COMMITTEE

Navayiwtng Mmapidng / Panagiotis Bamidis
Mpoedpog, ENAnvIkN ETaipeia Blotatpikig Texvoloyiag
President, Hellenic Society of Biomedical Technology

AAkivoog ABavaciou / Alkinoos Athanasiou
Avtumpoedpog, EMnvikn Etaipeia Blolatpikng TexvoAoyiag
Vice-President, Hellenic Society of Biomedical Technology

Euotdbiog Euctabomoulog / Stathis Efstathopoulos
Mpoedpoc, EAANVIKA Etaipia Navotexvoloyiag otig Emotrpeg

Yyeiag

President, Hellenic Society of Nanotechnology in Health

Sciences

Ayann MAouon / Agapi Plousi

Aktivopualkog, Emotnpovikog Zuvepydtng Epyactiplo
E@appoopévng latpiking Guoikig, latpikn ZxoAn, EKMA
Medical Physicist, Scientific Associate, Laboratory of Applied
Medical Physics, Medical School, NKUA

EMIZTHMONIKH EMITPOMNH | SCIENTIFIC COMMITTEE

AAkivoog ABavaciou
Avtwvng AAeTpag
2aBBag Avactacladng
Mavaywtng Avtwviou
XapiAaog ATooTtoAiong
Owpag AmoctéAou
AAéEavOpog Aotdpag
Emil Valchinov
EAgubepia BeAAidou
BaciAelog MkEpykng
Apng Agppttlakng
21a6ng Euctadomoulog
MwxanA ZepBakng
BaotAtkn ZnAidou
Afpntpa HAoroUAou
EAEvn KaAdouodn
Avéotng Kaigag
Mewpylog Kapayldvvng
MavteAng Kapdiokog
Anpntplog Koutooupng
Eudokipog Kwvotavtiviong
Xpnotog MavamouAog
Mewpylog MatoomouAog
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Mavaywwtng Mmapiong
Avtwviog MIiAANGg
Navaylwing Mmoylatdiong
EAévn NtagAn

NikdAaog MaAAnkapdkng
Nikn Mavdpia

Bedowpog MNamaiwdavvou
EppavounA MNamavactaciou
EudyyeAog MapackeuomouAog
Avaotacia Povtiva-©soxapdkn
MavAog Zapdeng
Avaotdolog Ziouvtag
Jtepylavn Zmupou
KaAAippodn Ztauptavol
Xapng ZTuAlaong
Anpntplog ToaMKAKNg
Mdpkog Taimoupag
Anpitplog Pwtiadng
Anpitpng Pwtiddng

Agovtiog XatdnAsovTtiddng
Mapia XatlnvikoAdou
lwavva XouBapda

Imupog NikoAdmouAog

BaotAikn ZnAidou / Vasiliki Zilidou
Tapiag, EAAnvikn Etaipeia Bloiatpikng TexvoAoyiag
Treasurer, Hellenic Society of Biomedical Technology

KaAAiomn (MoAa) MAatwvn / Pola Platoni

Av. KaBnyntpua latpikng duotkng, Epyactriplo E@appoopévng
latpikng Ouotkng, , latpikn ZxoAn, EKMA

Associate Professor of Medical Physics, Laboratory of Applied
Medical Physics, Medical School, NKUA

Alkinoos Athanasiou
Antonis Aletras
Savvas Anastasiadis
Panagiotis Antoniou
Charilaos Apostolidis
Thomas Apostolou
Alexander Astaras
Emil Valchinov
Eleftheria Vellidou
Vasileios Gkergkis
Aris Dermitzakis
Stathis Efstathopoulos
Michalis Zervakis
Vasiliki Zilidou
Dimitra Iliopoulou
Eleni Kaldoudi
Anestis Kalfas
Georgios Karagiannis
Pantelis Karaiskos
Dimitrios Koutsouris

Evdokimos Konstantinidis

Christos Manopoulous
Georgios Matsopoulos

Panagiotis Bamidis

Antonis Mpillis

Panagiotis Mpogiatzidis
Eleni Dafli

Nicolas Pallikarakis

Niki Pandria

Theodoros Papaioannou
Emmanouil Papanastasiou
Evangelos Paraskevopoulos

Anastassia Rodina-Theoharaki

Pavlos Sarafis
Anastasios Siountas
Stergiani Spyrou
Kalliroi Stavrianou
Haris Styliadis
Dimitrios Tsalikakis
Markos Trsipouras
Dimitrios Fotiadis
Dimitris Fotiadis
Leontios Hadjileontiadis
Maria Hadjinicolaou
loanna Chouvarda
Spyros Nikolopoulos
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ENIZTHMONIKH ENITPOMH | SCIENTIFIC COMMITTEE

lwavvng Avtwvakog
Mapia F'alouAn
Kwvotavtivog Aepétlog
KuBéAn Zoupdpn
Euotpdrtiog KapaBaciAng
MavteAng Kapdiokog
Nikog KoAAapog

Ne@éAn Aayomdtn
MNwpyog Mavidg
EppavounA Mamavaoctaciou
EAguB£plog Mammag
Mwpyog NatatoUkag
Natacoa Minma

KaAAomn (MoAa) MAatwvn
lwavvng Zeipévng

Mapiva XaAkia

loannis Antonakos
Maria Gazouli
Constantinos Demetzos
Kyveli Zourari
Efstratios Karavasilis
Pantelis Karaiskos
Nikos Kollaros

Nefeli Lagopati

George Manios
Emmanouel Papanastasiou
Eleftherios Pappas
George Patatoukas
Natassa Pippa

Kalliopi (Pola) Platoni
loannis Seimenis
Marina Chalkia

EMITPOMNH BPABEION | AWARDS COMMITTEE

2aBBag Avactaciadng
AANEEavOpog Aotapag
EAgubepia BeAAidou

Apng Agppttlakng
EuayyeAia MixaAomoUAou
lwavvng TooUyKog
lewpylog Mavaylwtdkng

Savvas Anastasiadis
Alexander Astaras
Eleftheria Vellidou
Aris Dermitzakis
Evaggelia Mihalopoulou
loannis Tsougkos
George Panagiotakis

20 MaveMrjvio ZuveEdplo

duoikwy ETiotnuwy otnv Yyeia:
Kawotopieg kat MpoomTikeg

TOMIKH TEXNIKH EMITPOMH | LOCAL TECHNICAL COMMITTEE

Avvita BapéAa

AAknotn Baoihika-MatcapacAn

Avaotaocia Nkaptlwvn
AAIKN ZnAidou
ATOAAWY Zwnpdg
Jpapavta Ketoepidou
Baci\ikn Mavtiou
Aéomotva MapkoyAou
HAlag Maxaipdg

Kwvotavtivog MntodmouAog
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Anpntplog Mmapiong
ANEEavOpog MwpaltomouAog
Mewpytog Nopikog

Nikn Mavépia

EuayyeAia PwpavormouAou
©£606wpog XaBBidong
Kwvotavtivog Tayapag
BaoiAelog TplavraguAAidng
EAévn Tpwvtolou

Baothikn ®ioka

Annita Varella

Alkisti Vasilika-Patsarasli
Anastasia Gkartzoni

Aliki Zilidou

Apollon Zoiros

Smaranda Ketseridou
Vasiliki Mantiou

Despoina Markoglou

Ilias Machairas
Konstantinos Mitsopoulos

21-23 1512025
ABnva | EAGda

Dimitrios Bamidis
Alexandros Moraitopoulos
George Nomikos

Niki Pandria

Evangelia Romanopoulou
Theodoros Savvidis
Konstantinos Tagaras
Vasilios Triantafyllidis
Eleni Trontsiou

Vasiliki Fiska
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EMXZTHMONIKO NMPOIrPAMMA ‘ SCIENTIFIC PROGRAMME
TETAPTH, 21 MAIOY 2025 WEDNESDAY, 21 MAY 2025

16.30 - 17:00 lpoocéheuon - Eyypageg
Mpappateia
17:00 - 18:30 AxTtivoBepaneia (Debate)

“ABNva”  Tuvrtoviotéc: Kuplakn ©sodwpou, MavreAnc Kapdiokog

17:00 - 18

KuB£ANn Zoupdpn, ®uoikdc latpikric, AKTivopuaoikdg, Movdda latpikric ®uoikig, B’
Epyaotnpio AktivoAoyiag, NN "ATTikov”

BAaotou E., Aktivoguoikdc, Maidwv Ay. KupiakoU

“H avaAutikn BaBuovounon twv cUyXpovwV TEXVIKWY akTIvoBepaneiac kabiota mepITio
TOV £Agyx0 ToU mAdvou yia kabe acBevn (Patient Specific Quality Assurance, PSQA)”

MNaAAnkapwva T., Aktivopuoikdg, 401 TNA,
ZTpoupmivig O., Aktivopuaoikés, Mediterraneo Hospital

“H avdykn yia avotnpn TomoB£TnNon Kal akivntomnoinon otnv aktivofspancia xel
éenepaotei”

Mdpiog Mupwvdakng, Enikoupo¢ Kabnyntric latpikric ®uoikiic, Mav/uio Osooaliac,
EAguBéplog NManmag, Enikoupog Kabnyntric latpikiic Quoikic, latpikr XxoAn, EKIMA

“O €Aeyxog molotntag tng texviknig IMRT otnv AktivoBepancia péow apxeiwyv kataypapng
(log files) eivai kaAUTepoOg amo tov EAEyxo UECW PETPHOEWY”

:30 Creating a Common Language: Applying Systems Engineering to Healthcare

“HPA” Innovation (Workshop)

ZuvtoviotéG: Kwvotavtivog MntoomouAog, BaciAiki Mavtiou

OpiAnTEG - EKmaideutég:

Kwvotavtivog MntedmouAog, MEng, MSc / Lab of Medical Physics and Digital Innovation
School of Medicine, Aristotle University of Thessaloniki

BacotAiki MavtioU, Electronic's Engineer, Lab of Medical Physics and Digital Innovation,

School of Medicine, Aristotle University of Thessaloniki

18:30 - 20:00 To péAAov tng TN otnv Yyeia

“ABnva”  suvroviotéc: Mavayiwtng Mmapidng, AAEENC KeAékng
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EMXZTHMONIKO NMPOIrPAMMA ‘ SCIENTIFIC PROGRAMME

TETAPTH, 21 MAIOY 2025

WEDNESDAY, 21 MAY 2025

18:30 - 20:00
“'Hpa”

18:30 - 20:00
“Syndicate 6”

OpiAntég:

Imupog BAaxomouAog, Kadbnyntric, Nouikr XxoAri, EKIMA
“Nouikég lMpokAnoeig yia tnv Texvntr) Nonuoouvn otnv Yyeia”

Apiotapxog MNkpEkag, Av. Kabnyntrig, Turjua OcoAoyiag, EKIMA
“HOika AiAnpuata kat BionOikég Mpoektdoeig tng Texvntig Nonuoouvng otnv Yyeia”

Euotdbiog EuotabomoulAog, Kabnyntric latpikric ®uaikic, latpikn ZxoAr, EKIA
“Moteg aAAayég @épvel n Texvntn Nonuoouvn otnv Yyeia”

PoAog Mnxavikou Biotlatpikng TexvoAoyiag (Round Table)
Zuvtoviotég: Xpnotog X. MixanA
OuiAnTEG:

lwavvng KaAatlng, Kabnyntiic, Mpdsdpoc Turpatoc Mnxavikwy Biotatpikng, MAAA

“H Akadnuaikn Osusdiwon tou PoAou tou Mnxavikou Bioiatpikn¢ TexvoAoyiag otic
Xuyxpoveg lMpokAnoceig”

Ap. Xpriotog X. MixanA, E6vikri Kevipikn Apxn MpounOeiwv Yyeiac (E.K.A.M.Y.)

“0 Mnxavikog Biotatpikng TexvoAoyiag otnv EAAdda kat AieOvwg: Asikteg, ZUykpioeig
kat Mpoomntikég”

NikOAaog KpaBapitng, MMavemotnuiaké Teviké Noookopgio "ATTIKON™ (M1.T.N.
"ATTIKON")

“0 poAoc kat n 6€on Tou MnxavikoU Bioiatpikng TexvoAoyiag: H HeAETn mepintwong
evog evikou lMavemiotnuiakou Noookopeiou - I.M.N. «<ATTIKON»”

lwavvng Oikovopou, lwdvvne Oikovdpou, Meviké Noookougio ABnvwy "T. Tevvnuatdg”
(T.N.A. 'T. l'evvnuartadg”)

“0 poAoc kat n 6€on Tou MnxavikoU Bioiatpikng TexvoAoyiag: H HeAETn mepintwong
€vog Mevikou Noookopeiou - I'.N.A. «I. Fevvnuardg»”

Fewpylog XaAoutoog, Qvdosio Kapdioxsipoupyikd Kevipo (Q.K.K.)
“0 unxavikog Biotatpikng TexvoAoyiag kat n A§loAdynon latpikoU EEomAiouou (HTA):

To Mapdderyua tou Qvaceiov KapdioxeipoupyikoU Kevrpou (Q.K.K.)”
Digital Intervention in the Management of Balance Disorders (Round Table)
Zuvtoviotég: Anuntpng Kikidng, Xpnotog Nikitag, EAsuBepia BeAAidou

OpiAnTEG:

Xpnotog NikAtag, GduoikoBspancutric, A’ Q.P.A. MNaverotnuiakr KAvikr, EBvIKS kai
Kanodiotpiako lMavemniotiyio ABnvwv, I'.N.A. «Innokpdteio»
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EMXZTHMONIKO NMPOIrPAMMA ‘ SCIENTIFIC PROGRAMME

TETAPTH, 21 MAIOY 2025

WEDNESDAY, 21 MAY 2025

20:00 - 21:00
20:00 - 20:30

20:30 - 21:00

21:00 - 22:00

“HOLOBalance: KAtvika anoteAéopata gpappoyng oAoypauudtwy tnv anokardoraocn
¢ looppomniag”

EAeuBepia HAGdou, Emik. Kabnyrtpia, Mavemotiuio [leAonovviioou, Tunua
AoyobBepanciag

“Smart Bear: lotwa ta di0dyuara tng @appoyng tng mAareopuag ;”

Anpntpng Kikidng, Emik. Kabnyntiic, A’ Q.P.A. Mavemiotnuiakr KAwviki, EOviké kai
Karnodiotpiako Mavemniotnuio ABnvawy, I'.N.A. «Innokpadteio»

“Telerehab DSS: Mapouciaon KAtvikoU lMpwtokoAAou”
©eddwpog Navaywwtng Bayevag, SHMMY, EMI, Epyactripio Bioiatpikric TexvoAoyiac
“Avackomnnon ynelakwyv napsuBdoswy ano tnv Oiebvn BiBAloypapia”

TeAetn 'Evapéng - Opening Ceremony

Xaipeticpoi
Mavayiwtng Mmapiong, Mpoedpog EAEBIT

Euotabiog Euctabomoulog, Mpoedpog EAENENY
KaAAwomn (MoAa) MAatwvn, Mpdedpog EDIE
Avaotdolog Iaitavng, Mevikog MNpapuatéag ‘Epevuvag kat Kaivorouiag

Nikog Mamdiwdavvou, Yepunoupyodg Maideiac Opnokevudtwy kat AGAntiouou,

Ypunoupyog apuodiog yia tnv tpitoBdbuia ekmaidsuon

ZuvtoviotiAg: Mavayiwtng Mmapidng
Keynote Speaker
Giuseppe Fico, President of EAMBES

“Transforming Healthcare in the Digital Era: Biomedical Engineers Driving
Innovation and Impact”

Welcome Reception
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EMXZTHMONIKO NMPOIrPAMMA ‘ SCIENTIFIC PROGRAMME

MEMIMNTH, 22 MAIOY 2025

THURSDAY, 22 MAY 2025

9:00-10:30
“Ael’]Vd”

9:00 - 10:30
“HPA”

© 2025 EAEBIT- EAMnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY-EAAnvikn Etaipia Navotexvodoyiag otig Emiotripeg Yyeiag

MRI
Zuvtoviotég: Nikn Adua, lwavvng ZPEvng

OpiAntég:

Fewpylog MIpoUPTOUANG, AkTivopuaolkdg, Epyactripio E@appoouévng latpikig
Quaoikng, latpikn ZxoAn, EKMA

“lMapauetpomoinon  AMEIKOVIOTIKWY  TEXVIKWY  MayvntikoU  ZuvtovicpoU  Kal
BeAtiotonoinon tng moidtntag gikovag”

Euotpdriog KapaBaciAng, En. Kabnyntric latpikric ®uoikric, latpikri ZxoAn, Ao

“IMponyUEVeG TEXVIKEG ameikoviong Mayvntikou Xuvtoviouou”

EAiva ZtapateAdtou, RadboudUMC, Nijmegen, the Netherlands

“INponypéveg MR TeXVIKEG OTOV mpPoOoTdrn: AmO TNV (Paocuatrockomia otnv
autoparomnoinuévn didyvwon”

Mpowopikég Avakolvwoelg 1 - Oral presentations 1
ZuvtovioTtéG: Xpiotiva AppmAld, MNwpyog Matatoukag

1. Theano-Marina Axakali, Maria-Anthi Kouri, Emmanouil loannidis, Konstantinos
Manousopoulos, loannis Papadopoulos, Panagiotis Varelas, Konstantinos Fillipou,
Panagiota Manwlakou, loannis Karalis, loannis Tsiafoutis, Evaggelia Kounadi,
Nektarios Kalyvas and Giorgos Fountos

“Optimizing Radiation Safety in Chronic Total Occlusion (CTO) Procedures:
Dosimetric Assessment With and Without the Implementation of Egg Nest
Radioprotective Shielding”

2. Maria Giannopoulou, Theodoros Stroubinis, Despoina Stasinou, Michalis Psarras, Anna
Zygogianni, Maria Protopapa, Vasileios Kouloulias and Kalliopi Platoni

“Volumetric Modulated Arc Therapy (VMAT) Versus Optimized Dynamic
Conformal Arc (OptDCA) Techniques for Linac-Based Stereotactic Radiotherapy
of Single Brain Metastases”

3. Angeliki Tsantiri, Sophia Zisiadi, Stauros Vorrias, Zisis Tsouris, Agapi Ploussi and
Efstathios Efstathopoulos

“Nanoparticles in Medical Imaging: Advantages and Challenges
4. Vasiliki Margaroni, Pantelis Karaiskos and Eleftherios Pappas

“Dosimetry in Non-Standard Fields of 1.5t MR-Linacs: Correction Factors for Two
Commercially Available OSL Dosimeters”

5. Matina Patsioti, Agapi Ploussi, George Christopoulos and Efstathios Efstathopoulos

“Evaluation of a Deep Learning Image Reconstruction Algorithm on Radiation
Dose and Image Quality in CT Examinations.”

6. Michaila Akathi Pantelaiou, Dimitrios Vagenas and Stergios Pispas
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9:00 - 11:00
“Syndicate 6”

“Aggregation-Induced Emmision of Anticancer Natural Substances:
Nanoformulation With Random Copolymers and Physicochemical Studies”

7. Emmanouil Anousis, Georgios Patatoukas, Marina Chalkia, Nikolaos Kollaros, Kyveli
Zourari, Nikolaos Trogkanis, Dimitra Michaletou and Kalliopi Platoni

“Assesing the Dosimetric Effect of Golden Beam Data and Machine Equivalence in
VMAT and IMRT Treatment Plans”

8. Charalampia Ganou, Aristotelis Ganos, Spiridon Papatheodorou, Vasileios Metaxas,
Christos Dimitroukas and George Panayiotakis

“Software Solutions for Shielding Calculations in Radiotherapy Rooms”

9. Dimitrios Samaras, Georgios Agrotis, Alexandros Vamavakas, Maria Vakalopoulou,
Marianna Vlychou, Aikaterini Vassiou, Vasileios Tzortzis and loannis Tsougos

“Investigating the Stability of Radiomic Features Across Different MRI Field
Strengths and the Impact of Harmonization Techniques”

10. Konstantinos Outsikas, George Patatoukas, Marina Chalkia, Kyveli Zourari, Nikolaos
Kolaros, Efrosyni Kypraiou and Kalliopi Platoni

“Low Gamma Passing Rate Analysis for VMAT And IMRT Treatment Plans”
11. Andreas Stratis
“The Theranostics Era: From Treating What You See to Seeing What You Treat”

12. Kalliopi Natalia Tzaneti, Dimitris Zantzas, Efstathios Sidiropoulos, Konstantinos Zisis,
Anestis Kalfas and Kyriaki Papadopoulou Pappas

“Hemodynamic and Anatomic Effects of the Anterior Cerebral Artery in Aneurysm
Formation”

9:00 - 10:00

HEROES Final Meeting & Open Workshop (Symposium)
ZuvtovioTtEG: AAkivoog ABavaciou, Mavayiwtng Mmapiong
OuiAnTEG:

AAKivoog ABavaciou, Assistant Professor of Neurosurgery School of Medicine, Faculty
of Health Sciences, Aristotle University of Thessaloniki, Vice-President ELEVIT

“A decade of BERD development for neural rehabilitation”

Kwvotavtivog MntoomouAog, MEng, MSc / Lab of Medical Physics and Digital

Innovation,School of Medicine, Aristotle University of Thessaloniki

“The NeuroSuitUp platform of wearable robotics, interfaces and serious gaming”

Navayiwtng E. Avtwviou, Metadidaxtopikdc Epsuvntiic kat Aiddokwv, Epyactripio
latpiknic Quoiknc kai Wneilakng Kaivotouiag, Tunua latpikng, ApiototéAcio MNavemiotnuio
Ocsooalovikng

Kwvotavtivog Taydpag, Research Associate, Lab of Medical Physics and Digital
Innovation, Aristotle University of Thessaloniki

“Serious gaming for neural rehabilitation: lessons learned during development”
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BacoiAikn ®ioka, BonBd¢ Epsuvntri, BHV Group INTHA, EKETA - Y. AlA. Mavemotriyio Aut
Makedoviag

“Integration and validation of soft robotic gloves: HEROES pilots”

10:00 - 11:00

ThessRoboGlove Forum: TRG2025 Symposium

Zuvtoviotég: BaoiAikn dicka, Kwvotavtivog MnteémouAog

OuiAntég:

MNavayiwtng BapBoAopaiog (online), Assistant Professor of Robotics, Department of

Computer Science and Biomedical Informatics, University of Thessaly & Institute of
Robotics, "Athena” Research Center

“Epeuvntikég KateuOuvoeig atnv latpikn Poumotikn: EAaxiota EnepBartikn Popumotik)
Xelpoupyikn kai Poumotikd Zuotiuata Anokatdotaong - Research Directions in Medical
Robotics: Minimally Invasive Robotic Surgery and Rehabilitation Robotics”

Navayiwtng MoAuyepivog, Av. Kabnyntric, Soft Robotics, Turiua MnxavoAdywv
Mnxavikwv, EAAnviko Meooyetako lMavemiotiuio (EAMEMA)

“Soft Wearable Robotic Garments: The EU SWAG project”

EAguBepia BeAAidou, Senior Researcher, Epyactripio Bioiatpikric TexvoAoyiag, ZHMMY,
EMI

“Exoskeletons in balance disorders & the Rehabotics”

Mapkog Toimoupag (online), KaBnyntrig, Turiua HAekTpoASywv Mnxavikwv Kat
Mnxavikwv H/Y, lMav. Aut. Makedoviag

“AvdaAuon HET yia NeupoAoyikég Alatapaxég kat avantuén Alemagwyv Eykegpdiou-
YmoAoyiotn.”

AAEEavOpog Aotdpag, Emikoupog Kabnyntric MAnpo@opikric, Auepikaviko KoAgyio
Ocooalovikng

“Results from the online workshop on wearable robotics questionnaires”

Imupog NikoAoTouAog, Senior Researcher, Multimedia Knowledge and Social Media
Analytics Lab, Information Technologies Institute, CERTH,

BaciAikn Dioka Bonbd¢ Epsuvntri, BHV Group IMTHA, EKETA - YI1. AlA. Mavemotipio Aut.
Makedoviag

(Hybrid) “Collaborations and search for future funding for TRG forum project
proposals and actions”

MNavayiwtng Mrapiong, Kabnyntric latpikiic duoikiic, MAnpogopikic Kai latpikric
Ekmaiosuong, A/ving Epyaotnpiou latpikng Quoikig kat Yneiakng Kaivotouiag, Tunua
latpikng, AMNO, lNpoédpog A> EAEBIT

Closing Remarks

Discussion
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10.30 - 11.00 Industry Session
“ABnva”  Zuvtovioteg: Biku ZnAidou, ZaBBag Avactaciadng
ANTISEL SA

“From Data to Decisions: How Mindray loT Brings Biomedical Teams, IT, and
Clinicians Together. A deep dive into cross-functional collaboration enabled by
real-time device connectivity, centralized monitoring, and remote diagnostics.”

OWIANTAG:
Serban Necula, Healthcare Informatics Specialist at Mindray

10.30 - 11.00 Mpowopikeg Avakolvwoelg 2 - Oral presentations 2
“Hpa”  Xuvrtoviotég: Xpriotog MavomouAog, Mdplog Avtwvakdkng

1. Grigorios Kotoulas, Vasileios Loukas, Georgia Karanasiou, Christos Katsouras and
Dimitrios Fotiadis

“Angioplasty Balloon Deployment in 3D Reconstructed Arteries”

2. Konstantina-Helen Tsarapatsani, Antonis Sakellarios, Vassilis Tsakanikas, Henrik
Rudolf, Hans J. Trampisch, Marcus Kleber, Winfried Maerz and Dimitrios Fotiadis

“Machine Learning Models for Long-Term Cardiovascular and Related Events
Prediction: A Multi-Study Comparative Analysis”

3. Dimitrios Petrolekas, Anastasios Raptis, Efstratios Karavasilis, Konstantinos
Moulakakis, loannis Kakisis and Christos Manopoulos

“4D Flow MRI-Enabled Patient-Specific Computational Hemodynamics of Thoracic
Aorta: CFD Predictions Vs. In Vivo Imaging Data”

4. Eleni Papanikolaou, Dimitrios Sokolis, Dimitrios Iliopoulos and Christos Manopoulos
“Dissection Mechanics of Tissue Components in Human Aorta”
5. Platon Sarantides, Anastasios Raptis and Christos Manopoulos

“Structural Modelling and Simulation of Abdominal Aortic Aneurysms Accounting
for Intraluminal Thrombus and Calcifications”

11.00 - 11.30  AwdAsippa - Kageg

Poster Presentation to Award Committee

Award Committee: Anastasiadis Savvas, Astaras Alexander, Vellidou Eleftheria,
Dermitzakis Aris, Tsougkos loannis, Panagiotakis George, Mihalopoulou
Evaggelia (Lia)

1. Christina Plomariti, Antonis Billis, Paraskevas Lagakis,Despoina Mantziari, Anastasia
Barboudi, Maria Bigaki, Stergiani Spyrou, Dimitrios Tsalikakis and Panagiotis Bamidis

“Application of telehealth in cancer care: Experiences from the Greek pilot of
the eCAN project”

2. Antonios Panagakis, Vasiliki Fiska, Vasiliki Mantiou, Konstantinos Mitsopoulos,
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Alexandros Moraitopoulos, Konstantinos Tagaras, Panagiotis Antoniou, Panagiotis
Bamidis and Alkinoos Athanasiou

“Structural and functional optimization of pneumatics-based soft robotics glove
using Finite & Boundary Element Analysis”

3. Andreas Belavgenis, Spyros Skiadopoulos, Anna Karahaliou, Christos Dimitroukas,
Basilis Metaxas, Fotios Efthymiou, Panagiotis Megas and George Panayiotakis

“Monitoring Scattered Radiation for Optimizing Staff Positioning in
Fluoroscopically-Guided Hip Interventions”

4. loannis Anagnostopoulos, Eleftherios Pappas and Pantelis Karaiskos

“Automated Algorithm and User Interface for Spatial Distortion Detection in MR
Images Used for Target Localization in Stereotactic Radiosurgery”

5. llektra Makridou, Despoina Petsani, Konstantina Tsimpita, David Gaburici, Panagiotis
Bamidis and Evdokimos Konstantinidis

“Understanding Barriers and Enablers of Innovation in Transitional Care: A
Mixed-Methods Study”

6. Ekaterini Bei, Konstantinos Politof, Konstantia Moirogiorgou, Marios Antonakakis and
Michalis Zervakis

“Morphological Analysis of Intraluminal Thrombus of Abdominal Aortic
Aneurysm”

7. Georgios Parisis, Parmenion Tsitsopoulos, Panagiotis Bamidis and Alkinoos Athanasiou
“Source-Level EEG Functional Connectivity Analysis in Schizophrenia Patients”

8. George M A Papanikitas, Konstantinos Mitsopoulos,Panagioths Antoniou, Konstantinos
Tagaras, Alkinoos Athanasiou and Panagioths Bamidis

“Eye Tracking in Serious Games and Its Rehabilitation Applications”

9. Vvyacheslav Skopintsev, Haridimos Kondylakis, Georgios Dimitrakopoulos and Alkinoos
Athanasiou

“Brain Network Biomarkers in Psychiatric Diagnosis”
10. Evangelia Maneni, Anna Karahaliou, Spyridon Skiadopoulos and George Panayiotakis

“A Phantom-Based Study for Optimization of Image Quality and Radiation Dose
in Pediatric CT”

11. Nikos Merkos

“Study of the Self-Absorption Effect in the Gamma Spectroscopic Analysis of
Environmental Samples”

12. Emmanouil Spyrou, Parmenion Tsitsopoulos, Alkinoos Athanasiou and Panagiotis
Bamidis

“Study of Event-Related Potentials in EEG Data in Major Depressive Disorder”

13. NikdAaog [kavtoivikoudng, XdBBag KoAtoakiong, Mavayiwtng Mpodpduou, EAEvn
Ayyelidov, ZtuAiavoc Kametavadkng, EAsuBépiog Toipiong, lwadavvne Maypag, Eiprivn
Zapnekioou, Mewpytog Kalakog, Anuntpiog TLétdng and Apioteiong Kpitig

“Epyaotnptakn EpBiounxavikn A&ioAoynon lotounxavika AVEMTUYUEVWV
Eugutevpatwyv MecoonovouAiouv Aiokou”

14. Georgios Sotiroudis, Panagiotis Bamidis and Alkinoos Athanasiou

“Wayfinding In Hospitals - A Narrative Review of Existing Solutions and Upcoming
Technological Advancements”

15. Kyriakos Kokkinogoulis, Michalis Psarras, Despoina Stasinou, Theodoros Stroubinis,
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Kyveli Zourari and Kalliopi Platoni

“Dosimetric Verification of the Virtual Cone Technique for Stereotactic
Radiosurgery”

16. Athina Tsagkalidou and Sophia Koukouraki

“SPECT/CT Whole-Body Scintigraphy With 131 lodine in the Assessment of
Recurrence of Patients With Differentiated Thyroid Cancer”

17. Dimitris zi, Evdokimos Konstantinidis and Nikos Athanasopoulos

“Blockchain-Enabled Federated Learning Models for Secure and Open Medical
Data Sharing: A Comparative Review”

18. Matina Patsioti, loannis Antonakos, Maria-Eleni Zachou, George Christopoulos and
Efstathios P. Efstathopoulos

“Estimation of Dose in Neonates Under 1kg in Incubator from Chest X-RAYS”
19. HAidva ZwtnpomnovAou, lwavvng ToixAng, Mapia Toakipn and Kwotag Aspétlog

“Atmoowpata DPPC:Cholesterol kat DPPC:Pluronic F-127 pe Evowpatwpévn
Kepketivn: Zuykpitikn MeAétn Quoikoxnuikwv Kat Bspuotponikwy ISiotAtwv”

11.30 - 12.15 Invited Session: Special BME topics
“ABnva”  ZuvtovioTtEG: MNwpyog MatcomouAog, Aviwvng MAANng
OuiAntég:
Apalia AyyeAn, Aristotle University of Thessaloniki
“In situ tissue regeneration via in-vivo tissue engineering”

Twkpatng Mamayswpyiou, latpikn ZxoAn EKIMA
«TnAegiatpikn kat Yuxikn Yysia»

11.30 - 12.15 Mpoywopikég Avakolvwoelg (Zuvexela) - Oral presentations (Cont.)
“Hpa”  Zuvtovioteg: Mavaywtng Avtwviou

1. Michail Athanasiou, Anastasios Raptis and Christos Manopoulos

“Exploring State-Of-The-Art Deep Learning Architectures for Blood Flow
Prediction in Pathological Vessels”

2. Andreas Stratis, Kostas Dimos and Stathis Despotopoulos

“Is Al Ending the Compromise Between Dose and Image Quality? The Lung CT
Paradigm”

3. Ourania Ntousi, Panagiotis Siogkas and Dimitrios Fotiadis

“Modeling of Three-Dimensional Scaffolds for Bone Regeneration using CFD
Analysis”

4. Dimitrios Arampatzis, Emmanouil Athanasiadis, Eleftherios Kontopodis, lIlias
Theodorakopoulos, loannis Theocharakis, Spyridon Kostopoulos, Dimitrios Glotsos,
Panteleimon Asvestas, Anastasios Raptis, Christos Manopoulos, Konstantinos
Moulakakis, John Kakisis and loannis Kalatzis

“A Preliminary Comparison of Unsupervised and Deep Learning Approaches for
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Automatic Abdominal Aortic Aneurysm Segmentation on CT Images”

5. Meriem Abadi, Toubakh Houari, Billal Benarabi, Noureddine Zerhouni, Michalis
Zervakis and Marios Antonakakis

“Vision Transformer for Thyroid Ultrasound Image Classification”

6. George Mavrovounis, Martina Samiotaki, loannis Kakkos, Vassilis Aidinis, George
Stranjalis and Theodosis Kalamatianos

“The Hematoma Fluid and Serum Proteomes of Chronic Subdural Hematoma
Patients”

7. Sosanna-Anastasia Fragaki, Aikaterini Skouroliakou and loannis Kalatzis

“Glucose Control in Artificial Pancreas Scheme with Pid and Pso-Optimized PID
Controllers”

The role of computational models and artificial intelligence for digital twins in
non-invasive diagnosis of brain and heart diseases (Round Table)

ZuvToVIOTEG: Xpriotog MavomouAog, Mdplog Avtwvakdakng
OuiAnTEG:

Xprotog MavomouAog, AvanAnpwtric Kabnyntric, Epyaoctripio Biopsuotounxavikric &
Bioiatpikric TexvoAoyiag, EMI

“SAFE-AORTA: An overview of a CDSS for Abdominal Aortic Aneurysm Disease Based on
Artificial Intelligence Models”

Ap. Mdplog Avtwvakdakng, Epyactripio Wnetakic Encéspyaciac Eikdvag kai Zrparoc,
2x0An HAekTpoAOywv Mnxavikwyv Kai Mnxavikwy YroAoylotwy MoAutexveio KpRtng

“Non-invasive diagnosis of brain and heart disorders with computational and Al
modeling”

Mwpyog ZtaupoUAdKNnG, Kabnyntig, Epyactipio YmoAoyloTikii¢ Mnxaviki¢ kai
BeAtiotonoinong, 2xoAn Mnxavikwv lNapaywyng kai Aoiknong, MoAutexveio Kpntng

“Computational mechanics tools for biomechanics and artificial intelligent reduced
order modelling for digital twins and virtual sensors”

Nikog AlayyeAdknG, Emik. Kabnyntric, Auvauiki, BeAtiotomoinon kai PUBuion
Aigpyaciwyv, 2xoAn Xnuikwv Mnxavikwv kai Mnxavikwy lNepiBaAAovtocg, MoAutexveio Kpntng

“Complexity reduction of hemodynamics modelling of infrarenal aortas via machine
learning”

Industry Session
ZUVTOVIOTEG: Biku ZnAidou, Alkatepivin ZKOUpoAIdKou

1. Siemens Healthineers EAAGg AE
“Applications training in the digital era”
OuIANTAG:
lwavvng Katoikng, Application Specialist in Advanced Therapies
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12.15 - 14

“«°r

Hpa”

2. GE HealthCare AE
“360° solutions to improve your facility workflow”
OMIANTAG:
Michal Kolanowski, Digital Adoption Leader Eastern Europe, GE HealthCare

3. Philips Hellas Single Member SA
“CathLab Dose awareness and Fusion Imaging approach”
OMIANTAG:

BaciAng AiakopavwAng, Application Specialist iGT, Philips Hellas Single
Member SA

4, Agfa - Gevaert AEBE
“AGFA DR portfolio & SmartXR (Al) Technology”
OuiAnTEG:

ABavdclog Toéykog, Sales Manager Greece | Rad Sol Sales Europe NSE
Greece/Cyprus

dwtng BayAdg, Key Account Manager | Rad Sol Sales Europe
Kwvotavtivog KwvotavtomouAog, Key Account Manager |Rad Sol Sales Europe
NSE Greece/Cyprus

5. ICON DYNAMICS
“VISION SUPPORT in the Radiography Workflow”
OMIANTAG:
SiniSa Kardum, Regional Sales Manager

.00 Npowopikég Avakolvwoelg 3 - Oral presentations
ZUVTOVIOTEG: Apng Aeppitlakng, Mavayiwtng Avtwviou

1. Anastasia Daskalaki, Spilios Zisimopoulos and Aris Dermitzakis
“Structured Data Entry Workflow for Medical Equipment Inventory Management”
2. Spilios Zisimopoulos, Anastasia Daskalaki and Aristeidis Dermitzakis
“Creating a Unified Medical Equipment Inventory in Greece”
3. Giorgos Papadoulis, Damianos Dumi-Sigalas, Christos Sintoris and Aris Dermitzakis
“Advancing Universal Accessibility in Healthcare”
4. Konstantinos Diamantis and Panagiotis Bamidis

“Eumncipiec ano ™y Xpnon EpyalAsiwv Texvntri¢ Nonpoolvng otnv Metantuxiakn
Ekmnaidguon yia tov Ynpiaké Metaocxnuatiouo tng Yyeiag”

5. Panagiotis Antoniou, Niki Pandria, Anastassia Rodina Theocharaki, Stathis Th.
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10.

11.

12.

13.

14.

15.

Konstantinidis and Panagiotis Bamidis

“Mapping Digital Soft Skills for Implementation of Digital Scenario Based
Learning Educational Resources”

Vasiliki Pappa, Efstathios Sidiropoulos, Evangelos Paraskevopoulos and Panagiotis
Bamidis

“Brain Tumor Digital Twin with Deep Learning”

Apollon Zoiros, Giorgos Petridis, Brigilda Merkaj, Antonis Billis and Panagiotis
Bamidis

“Modeling Late-Age Adverse Effects of Breast Cancer Survivors from Real-World
EHR Data”

Vasiliki Fiska, Anna-Maria Krooupa, Spiros Nikolopoulos and loannis Kompatsiaris

“Al-Powered Personalised Lifestyle Coaching for Nutrition & Physical Activity in
Breast Cancer”

Smaranda Ketseridou, Christina Plomariti, Christos Frantzidis, Eleni Feleki,
Marianthi  Kermenidou, Ilias  Machairas, Georgia Kioselaki, = Anthoula
Chatzimpaloglou, Spyros Karakitsios, Dimosthenis Sarigiannis and Panagiotis Bamidis

“Exploring the Impact of Age and Weight on Sleep Quality: Insights from the
URBANOME Project”

Efterpi Karapintzou, Vassilis Tsakanikas, Brooke Nairn, Marousa Pavlou, Doris Eva
Bamiou, Themis Exarchos and Dimitrios Fotiadis

“Al-Enhanced Tele-Rehabilitation: Research-Oriented Modeling for Fall Risk,
Treatment Effectiveness, and Adverse Events in Balance Disorders”

Michail Kalogeropoulos, Petros Papachristou and Alexandra Athanasiou

“Swarm Learning with Weak Supervision for Automatic Breast Cancer Detection
in MRI”

Veatriki Nikoudi, Eleftherios Kontopodis, loannis Kalatzis, Erricos Ventouras and
Aikaterini Skouroliakou

“A Functional Near Infrared Spectroscopy Acquisiton Protocol”
Konstantinos Chaitas, Menelaos Karamichalis and Alexander Astaras

“A Novel Wearable Navigation Assistance Device Using Intuitive Tactile Feedback
for People with Visual Impairments (Navisense)”

Filip Ivanis, Georgia Beleli, Vasiliki Fiska and Alexander Astaras

“A Novel Soft-Robotic Glove for Physical Rehabilitation Featuring Adjustable
Agonist/Antagonist Muscle Assistance”

Arsenios Arsenidis, Nikoletta Papazisimou, Alkinoos Athanasiou, Panagiotis Bamidis,
Petros Stefaneas and Alexander Astaras

“Development of a functional electrical stimulation prototype device with novel
optimization methodology for neurorehabilitation (OptiPulse)”

Digital health services to facilitate non-invasive diagnostics of brain diseases
(Workshop)

Empowering digital health in public and private sector: The case of smartHEALTH

ZUVTOVIOTEG: Mdplog Avtwvakdakng

OuiAnTEG:
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Kwotag Kapapdvng, Kévtpo Epapuoywv kat Yinpeoiwv HAektpovikri¢ Yyeiag, Ivotitouto
MAnpoopikng, 10puua TexvoAoyiag kat ‘Epeuvag (ITE)
“The smartHEALTH EDIH”

Ap. Mdplog Avtwvakdkng, Epyactripio Wneiakic Encéepyaciac Eikévag kai Zripartoc,
2x0An HAekTpoAdywv Mnxavikwv Kait Mnxavikwy YroAoylotwv MoAutexveio KpRtng

“A sample of smartHEALTH services”
Ap. Mavvng MkouQiwvng, CEO Aisthesis Medical
“smartHEALTH experience - Aisthesis Medical”

Ap. Mwpyog AouUvtog, CEO Bioemtech
“smartHEALTH experience: Bioemtech”

AldAsippa - Mevpa

Poster Presentation to Award Committee

Award Committee: Anastasiadis Savvas, Astaras Alexander, Vellidou Eleftheria,
Dermitzakis Aris, Tsougkos loannis, Panagiotakis George, Mihalopoulou
Evaggelia (Lia)

Despoina Markoglou and Konstantinos Ampountolas

“Reinforcement Learning for Walking Assistance Control of a Lower Limb
Exoskeleton”

Vasileios Triantafyllidis, Konstantinos Mitsopoulos, Vasiliki Fiska, Georgios
Stamboulis, Vasiliki Mantiou, Alexandros Moraitopoulos, Leontios J Hadjileontiadis,
Dimitrios Kugiumtzis, Panagiotis Bamidis and Alkinoos Athanasiou

“Designing a Wearable Lower Body Distributed Sensor System Using Data Fusion
from SEMG and MARG”

Kyriakos Birmpas, Konstantinos Baldoukas, Aristeidis Dermitzakis and Konstantinos
Moustakas

“Energy Harvesting Systems for Self-Powered Prostheses”

Christina Plomariti, Panagiotis Emmanouil Kartsidis, Georgia Kioselaki, Ilias
Machairas, Chrysoula Kourtidou-Papadeli and Panagiotis Bamidis

“Literature Review of Short-Arm Human Centrifuge Rehabilitation Protocols”

Panagiotis Antoniou, Konstantinos Tagaras, Alkinoos Athanasiou and Panagiotis
Bamidis

“Linking semantic medical vocabularies to 3d assets for a chatgpt powered,
virtual reality based, medical education environment”

Vasiliki Margaroni, Eleftherios Pappas, Alexandra Drakopoulou and Pantelis Karaiskos

“Monte Carlo Determination of Correction Factors for Beo-Based Optically
Stimulated Luminescence Detectors in Gamma Knife Radiosurgery Small Fields”

Konstantina Tsimpita and llektra Makridou
“Agile Methodology for User Requirements Elicitation in The Raise Platform”

© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences
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8. Maria-Eleni Zachou, Ellas Spyratou, Nefeli Lagopati, Kalliopi Platoni and Efstathios
P. Efstathopoulos

“Mpocpareg E&elieic otn Navoiatpikn yia tn 2Zuvoudotikn AVTIKAPKIVIKD
O¢pancia pe AktivoBepancia kat PwtobBeppia”

9. Fotini Spanou, Spyros Skiadopoulos, Anna Karahaliou and George Panayiotakis

“The Impact of Computed Tomography Iterative Reconstruction in Radiation
Dose Reduction”

10. Kwvotavtivog lMétpou, Ayann lAouon, Evotpdtioc KapaBaoiAng, lwavvng Zeiuévng,
lwpyog BeAovdkng and Euotabiog EuotabonouAog

“H Padiouikn w¢ Baciko epyalcio yia tnv npoBAswn kat tnv oldyvwon VEwY £0TIWV
ZkAnpuvong kata lAdkag”

11. Vasileios Rangos, Athanasia Adamopoulou, Georgios Chatzikostas, Constantinos
Koumenis, Athanasios Koutsostathis and Alexandros G. Georgakilas

“A Review of the Technological Advancements and Technical Challenges of Flash
Radiation Therapy”

12. Vassiliki Potsika, Nikolaos Tachos, Georgios Papagiannis, Athanasios Triantafyllou,
Dimitrios Fotiadis and Vassilis Tsakanikas

“REHABOTICS: An Integrated Rehabilitation System for Assessing and Treating
Upper Limb Spasticity after Stroke”

13. Evanthia Rouka, Vasiliki Fiska, Vasiliki Mantiou, Konstantinos Mitsopoulos, Panagiotis
Bamidis and Alkinoos Athanasiou

“CPR Assist: A Wearable and Mobile App System for Real-Time CPR Feedback and
Training”

14. Konstantinos Baldoukas, Kyriakos Birmpas, Konstantinos Risvas and Konstantinos
Moustakas

“Searching for Biomarkers in Cerebral Palsy: An In-Silico Analysis”
15. Konstantina Zeimpeki, Aris Vrahatis and Alkinoos Athanasiou

“Study of Spinal Muscular Atrophy Using Graph Theory”
16. Margarita Tsoplaktsoglou, Ellas Spyratou and Estathios P Efstahopoulos

“Light-based nanomedicine approaches in ocular cancer management: Future
perspectives”

17. Emmanouil Kenanoglou, loannis Magras and Alkinoos Athanasiou

“Reviewing Clinical Use of Fluorophores in Endoscope Assisted Resection of
Intraparenchymal Brain Tumors”

18. Konstantinos Michailidis, Marina Chalkia, Kyveli Zourari, Nikolaos Kollaros, Georgios
Patatoukas, Andromachi Kougioumtzopoulou, Vasilios Kouloulias, Dimitris
Emfietzoglou and Kalliopi Platoni

“Knowledge-Based Treatment Planning Models in Radiotherapy for Prostate
Patients”

19. Anna Papacharisi, Maria Anthi Kouri, Theano Marina Axakali, Panagiotis Georgakis,
Virginia Tanou, Eugenia Bournaki, Evangelia, Kounadi, Christos Michail, loannis Valais
and George Fountos

“Personalized Real-Time Dosimetry for Anaesthesiologists: Assessing Radiation
Exposure Across Fluoroscopic Guided Surgical Procedures”
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MEMIMNTH, 22 MAIOY 2025 THURSDAY, 22 MAY 2025

15.00 - 16.30 Industry Session

“ABnva” o , , ,
ZUVToVIOTEG: Biku ZnAidou, ZaBBag Avactaciadng

1. TELMACO SA, BARCO, VIROO

“TexvoAoyiec EuBUOiong kait Eikovikng Mpayuatikotnta¢ otnv latpikn Ekmaidsvon:
AppiBéatpa kat Xeipoupyeia og AildAoyo.”

OpiAnTAG:
AAEEavdpog Wntog MSC in Data Communication, AVS Systems Sales Manager

2. NMANANOXTOAOQOY N.AE
“Juotnua payvntikng topoypawiag 1.5T pe texvntn vonuoouvn (Al)”
OupIANnTAG:
AnootoAog Mewpydkng, TexvoAdyoc AKTIVOAGYOC

3. Elekta Hellas EPE
“Online adaptive curative bladder cancer treatment on a CBCT-linac”
OupIANTAG:
Aagptng MNamaocnUpou, Medical Physicists Manager

4. KAPBONHZ ANT. & ZIA EE

”NEeg Tdoceig kal epyaleia otnv eknaidsvon. To napddstyua twv TEXVOAOywv
AktivoOepanciag - AktivoAoyiag”

OMIANTAG:
lwavvng Fevvitodplog , MSc TAA

15.00 - 16.30 AKTIvOOIaYVWOTIKN

{4 ”
Hpa ZuvToVIOTEG: lwavvng Avtwvakog, NikoAaog KoAAdpog

OpiAnTéEG:
lwavvng Zelpévng, Kabnyntric latpikiic ®uaoikic, latpikni ZxoAr, EKIMA

“Bacikéc apxég¢ Asitoupyiag, TAEOVEKTAUATA Kal TPOKANCEIC YMOAOYIOTIKNG
Topuoypapiag Katauétpnong ®wtoviwv (Photon-Counting CT)”

ZtuAilavog Apyévtog, AktivoAdyoc, B’ Epyaotripio AktivoAoyiacg, MIN "ATTikGv”

“H YmoAoyiotikn Topoypapia pe Katauétpnon ®@wtoviwv otnv Kapdiayyesiakn
Anesiwkovion”

Nik6Aaog Bopdag, Av. Kabnyntrig, Turnua Quoikiig, AO
“u-CT: Ao tn Bloiatpikn otnv TEXVoAoyia Un-katactpopikou eA€yxou”
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15.00 - 16.30 OAOKANPWHEVOG EAEYXOC ATVIOWTWY (Workshop)

“Syndicate 6” ZuvtoviotnG: EppavounA Mpapateutdakng -BIOTECH

OuiAntAG: EppavounA Mpapateutdkng

Elcaywyn otov éAgyxo amvidwtwy &

Eqpappoyn He avaAutég tng Kataokeudotplag Rigel Medical:

- ZUvOE0N CUOKEUNG UTTO £AEYX0 GTOV avaAuth

- ‘EA€YX0G AEITOUPYIKWY TAPAHUETPWY AMVIOWTH

- 'EAgYX0G NAEKTPIKAG ACQAAELAG

- Anpioupyia UAAOU PETPNCEWY, HE YPAPIKEG TAPACTACELG TAAHWY AMVidwong

16.30 - 18.00 "Ekmaideuon otnv latpikn Quoikn Kat Blolatpikn Mnxavikn: eukaipieg

“ABnva”  kai amoppdé@non amo@oitwv"

ZuvtoviotéG: Apng Aeppitldakng, KaAAiomn (MoAa) MAatwvn, EuayyegAia

MixaAotmoUAou

OuiAntég:
lwavvng AaunAdkng, Mpdsdpog IOMP, Kabnyntric latpikric ®uoikric, Mavemiotriyio
Kpnitng

Euctdblog Euctabamoulog, Mpdsdpog EAENENY, AicuBuvtiic [MMX Navoiatpikri,
Kabnyntrig latpiknic ®uoikng, EKIMA

MavteAng Kapdiokog, Aisubuvtric AAMMZ latpikic Quotkri-AKTIVOQUOIKAC, KaBnyntric
latpiknc Quoikng, EKMA

lwavvng Toouykog, Aicubuvtric lTMZ Quaoikéc Apxég Blolatpikiic AEIKOVIONS Kal

Aktivonpootaciag, Kabnyntig latpikng Quoikng, Mavemniotriuio Osooaliag

Mavayiwtng Mmapiong, Kabnyntric, Mpoedpoc EAEBIT, AicuBuvtric ANIMZ Bioiatpikric

Mnxavikng, ApiototéAcio MNavemiotnuio @scoaliovikng

Anpntplog NkAwtoog, Kabnyntrig, Zuvtoviotric MetantuxiakoU Mpoypduuatog
Imoudwv «Biomedical Engineering & Technology», Tunua Mnxavikwv Bioiatpikng, MAAA

lwavvng KaAatlng, Kabnyntiic, Mpdsdpoc Turiuatoc Mnxavikwy Biotatpikng, MAAA

Mapia XatlnvikoAdou, Kabnyrtpia, Aicubuvipia tou MetamtuxiakoU Mpoypdupatog
«BlomAnpopopikn kai NeupomAnpowopikn», EAAnviko Avoikto MNavemiotnpyio

Kwveotavtivog Mouotakag, Kabnyntric, AicuBuvtric MetamtuxiakoU poypdupatog
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EMXZTHMONIKO NMPOIrPAMMA ‘ SCIENTIFIC PROGRAMME
MEMIMNTH, 22 MAIOY 2025 THURSDAY, 22 MAY 2025

Zmoudwv «Biomedical Engineering», Mavemiotrpuio Matpwv
Kpiotn Kavtwpou, YrevBuvn AvBpwmivou AuvauikoU, MAMAMOITOAOY N.AE

Mapiog Xavdprg, Customer Service and Operations Manager, ®IAINE EAAAZ
MONOIMPOZQIIH A.E.B.E.

EA£vn MmOAN, HR Manager South Eastern Europe, GE HealthCare Greece

©e00wpog MNavvakag, Clinical Sales Manager, Robotic Surgery, Sofmedica

16.30 - 18.00 Biomechanics of Spine (Round Table)

[{3 3 ”
Syndicate 6 ZUVTOVIOTEG: Owpdg AmoctoAou, lwdavvng Maypag

OuiAnTEG:
MNappeviwv ToltedmouAog, Kadnyntric Neupoxeipoupyikic, B’ Neupoxeipoupyikri

KAwvikn AMO, I'.N.0O. Innokpdtsio
“Basic principles of biomechanics of spine”

Dr. Aqpog Moupdpag, AicuBuvtric Neupoxeipoupyikiic KAVIkAG, BiokAivikr ABnvwyv
“Upper spine biomechanics”

Owpdg AmootéAou, Kabnyntric Turuato¢ QuoikoBepanciag, Ai.lMa.E
“Advanced spine biomechanics & instrumentations”

2aBBag Fpnyopladng, Av. Kabnyntric Neupoxelpoupyikig, latpikn ZxoAn AQ
“Innovations in materials in spine”

Dr. Nikog F'kavtolvikoudng, latpdc, Epyactripio ®uaotoAoyiag, Turua latpikiic ANO
“Modelling of intravetrebral disc”

18.00 - 18.30 AidAsippa - Kaeg

18.30 - 19.00 Zuvrtoviotng: Eudokipog Kwvotavtividng
Keynote Speaker
Arnold Pompos

Professor of Physics, Associate Vice Chair for Strategic Initiatives and
Capital Investments, The University of Texas, Southwestern Harold C. Simmons
Comprehensive Cancer Centre, USA

“Emerging Radiation Therapy Technologies in Al assisted ultra-personalized
cancer care”

© 2025 EAEBIT- EAMnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENENY-EAAnvikn Etaipia Navotexvodoyiag otig Emiotripeg Yyeiag 39
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




©
EAEBIT ﬁl" ﬁ"l 20 MaveMrvio Suvédplo 21-23 15 | 2025

www.elevit.org.gr NANEAAHNIO ZYNEAPIO duokwy ETotnpwy otny Yyeia: , ,
. BIOIATPIKHE TEXNOAOTIAS Kawotopieg kat MpoortTikeg ABnva | ENada

FSSENENETTY [l

EMXZTHMONIKO NMPOIrPAMMA ‘ SCIENTIFIC PROGRAMME
MEMIMNTH, 22 MAIOY 2025 THURSDAY, 22 MAY 2025

19.00 - 21.00 AktivoBepansia pe Mpwtovia

“ABnva” Zuvtoviotég: KaAAlomn MNAatwvn, Euctddiog EuctabdémouAog

OuiIAnTEG:

Nwpyog MNatatoukag, Axtvoguoikdg, Epyactripio E@appoouévng latpikic Ouoiknic,
latpikn) ZxoAn, EKMA

“Oepancia pe Mpwtovia. PUCIKEG apXEG Kal MAsovekThuara”

BaociAsiog KouAouAiag, Kabnyntric AktivoBspansutikiic OykoAoyiac, latpikry ZxoAn,
EKIIA

“KAvikn AnoteAeopartikotnta. Moot AcOeveic EnwpeAovvrat;”

Anpntplog KoupoUkAng, PhD, Visiting Fellow, Office of Health Economics, UK
“Oikovouikn AvaAvon & Biwoiuotnta piag Enévovong otn Ospancia pe npwtovia:
YnepBoAiko Kéotog ) Ztpatnyikn Avantuéng;”

MNavraAog |., Aktvouoikdg, Cyprus Pharmaceutical Organisation "Costas
Papaellinas”

“H EAAdda oto lMaykoouio Tomio tng Ospanciag pe Mpwtovia: EMOTNUOVIKEG,
TexvoAoyikég Kal Ekmaidsutikeg Mpoontikeg”

19.00 - 21.00 Tlevikn ZuvéAeuon EAAnvikAg Etalpeiag Bioiatpikng TexvoAoyiag EAEBIT +

“«°r

Hpa”  EkAoygg Zwpateiou

19.00 - 21.00 Navoiatpiki
“Syndicate 6”  Zuvtoviotég: Mapia FalouAn, EAAGG Znupdtou

OuiIAnTEG:
Kwvotavtivog Aspétlog, , Kabnyntric ®apuaksutikiic Navo-TexvoAoyiac, Turipa
Gapuakeutikng, EKMNA

“H gpappoyn tng evtpomniag Tsallis otn peAETN TNG MOAUNAOKOTNTAG VAVOOUOTNUATWY
yla gyeragopd papuaxkopopiwv”

Ne@éAn Aayondtn, En. Kabnyritpia BioAoyiac-Navoiatpikric, latpikr XxoAn, EKIA

“AvdAuon ekmveOUEVWY cwuatidiwyv e xpnon vavoaicOntnpwv”

Natdaocoa Minma, En. Kadbnyntpia, Tuipa ®apuaksutikic, EKMA

“H Xpnon NavoUAikwv AvBpaka otn Metapopd ®apudkwv kat otn dapuakesutikn
Biounxavia”

EuayyeAog KapaAng, Av. Kabnyntrig, Turiua ®apuakeutikic, EKIMA

“KAIVIKEG UEAETEG g XPON TEXVNTAG VONUOOUVNG KAl UTOAOYIOTIKEG HEOO00US”
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MAPAZKEYH, 23 MAIOY 2025

FRIDAY, 23 MAY 2025

9:00 - 11:00
“Aean”

9:00 - 11:00
“HPA”

11.00 - 11.30

11.30 - 13:00
“Aean”

Wnlakog HETacxnUatiopog tng vyeiag (Panel)

Zuvtoviotng: MNavayiwtng Mmapiong

OpiAntéc:
EAmida dwtiadou, HAIKA

Mewpylog AagouAag, Ymoupyeio Wnelakng AlakuBépvnong
Kwotng KayyeAidng, FTNQOMQN MAnpowopikn

Xapng Kapavikag, Navemotipio Osccaliiag

MNapaockeun MixaAomouAou, EAAOK

Nikog KuplakouAdkog, Netcompany, HL7 Hellas

The Role of Al and Multivariate Data in Enhancing Transitional Care (Round
Table)

Juvtoviotég: Eudokipog Kwvotavtividong, Aéomotva lMetodvn

OuiAnTtéc:

Eudodkipog Kwveotavtiviong, PostDoctoral Researcher at Medical Physics and Digital
Innovation Laboratory, School of Medicine, Aristotle University of Thessaloniki

“From Sharing to Access: Leveraging Secondary Data in Transitional Care”

Aéomoiva [Metodvn, Research Associate, Medical Physics and Digital Innovation
Laboratory, School of Medicine, Aristotle University of Thessaloniki

“Living Labs as a Catalyst for Data Collection in Transitional Care”
Olga Galanets, IT Project Manager, International Data Spaces Association

“European Health Data Space: Legislative framework”

NataAia MavwAd, CEO at OpenAIRE AMKE, Non-profit pan European e-Infrastructure

“Open Science, Al, and Data Interoperability: Unlocking the Potential of Multivariate Data
in Healthcare”

AldAsippa - Kagég

Student Competition

ZuvToVIoTEG: MixdAng ZepBakng, AAéEavdpog Actdpag
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MAPAZKEYH, 23 MAIOY 2025

FRIDAY, 23 MAY 2025

11.30 - 13:00
“'Hp(]”

11.30 - 13:00
“Syndicate 6”

1. Charalampos Tsemekidis, Athanasios Arvanitidis, Christoforos Gravalidis, Panagiotis
Bamidis and Alkinoos Athanasiou

“Machine Learning Algorithmic Classification of Surface Electromyography
(SEMG) of Biceps & Triceps Agonist/Antagonist Activity”

2. Charalampos Drakos, Athanasios Arvanitidis, Panagiotis Antoniou and Alkinoos
Athanasiou

“Development of a Non-Relational Database and Front-End Interface for
Extended Reality in Healthcare”

3. Andreas Kalogeris, Adam Adamopoulos, Maria Hadjinicolaou and Alkinoos Athanasiou

“Comparative Analysis of Machine Learning Models of Depression Detection Using
EEG Data”

4. Aliki Zilidou, Alexandros Moraitopoulos, Vasiliki Zilidou and Panagiotis Bamidis

“Development of an Exergames Platform for Physical Assessment Using Depth
Sensors and Unity: A Gamified Approach to Human Motion Analysis”

5. Maria Michailidou, Vicky Fiska, Vasiliki Mantiou, Panagiotis Bamidis and Alkinoos
Athanasiou

“Iterative Development, Testing, Validation and Benchmarking of Custom EEG,
FNIRS and SEMG Sensors”

6. Stelina Naka, Marios Antonakakis and Michalis Zervakis
“ViTSeg - A Whole Heart Image Segmentation Model using Vision Transformers”

Mn lovtifouoeg AKTiIVOBOAIEG

JuvtoviotéG: Acomaocia Metpn, Anpritpeng Koutouvidng

OuiAnTtéc:

Inupetta FoAepdtn, Av. Kabnyrtpia Bioiatpikiic TexvoAoyiac, latpikry XxoAn, EKIMA

"H @gpaneutikn XpHon Twv £0TIACUEVWY UNEPNXWV"

rNnavvng TolAikag, Emotnuovikog Zuvepyatng, MA.A.A, M. A.

“Time stretched imaging flow cytometry: Mia véa epappuoyn twv femtosecond laser
OTNV KUTTAPOUETPia pong Kai atnv HoppoAoyikn taélvounon Kuttapwy.”

KiouBpékng ., En. KaBnyntrg, Turiua Anudotac kai Eviaiac Yysiac,
Mavemiotiuio Gsocoaliag

“MovTtéAa punxavikng pdlnong yia tnv ektiunon tng €kOsong o€ nAskTpouayvntikn
aktivoBoAia otnv mepioxn twv paolocuxvotnTtwv”

®dacpatookomia (Workshop)

Imupdtou EAAdGG, Emotnuovikdg Suvepydtng, Epyactripio E@apuoouévng latpikic
Quoikng, latpikn 2xoAn, EKIA
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ZuvtoviotéG:  AAkivoog ABavaciou, Mavayiwtng Mmapiong

1.

Magdalini Anastasiadou, Vicky Fiska, Konstantinos Mitsopoulos, Panagiotis Bamidis
and Alkinoos Athanasiou

“Background and Development Protocol for Sensor Data Fusion Gesture
Classification Using a Soft Robotic Glove”

Konstantinos Siatos, Maria Hadjinikolaou, Adam Adamopoulos and Alkinoos
Athanasiou

“An investigation into the use of convolutional neural networks for classifying
neurodegenerative diseases using resting-state EEG”

loannis Pappas and Alkinoos Athanasiou
“Orthotropic Approaches of Human Jawbone in Finite Element Method”

Alexandros Moraitopoulos, Niki Pandria, Konstantinos Mitsopoulos, Panagiotis
Bamidis and Alkinoos Athanasiou

“Enhancing Household Objects into Smart Health Monitoring Devices: An
Unobtrusive Remote Health Monitoring System to Assist Healthy Aging”

Dimitrios Samaras, Georgios Agrotis, Maria Vakalopoulou, Dimitra Tsivaka and loannis
Tsougos

“Al-Driven Radiomics for Prostate Cancer Diagnosis: Integrating Automated
Clinical Decision Support with Harmonized Machine Learning Models”

13:00 - 14:30 MupnvikA latpiki

“'Hpa”

JuvtovioTtéG: Mewpyia AupmepomoUAou, MNwpyog Maviog

OuiAnTtéc:

MNwpyog Aouvtog, CEO BIOEMTECH

“O1 MPOOMTIKEG TNG XPNONG ocwuatiwv a kait B otn Ospancia Tov kapkivou Kat ol
TEXVOAOYIKEG MPOKANCEIG yla TNV AMEIKOVIOT) TOUG”

Navaywwtng MNamadnuntpoUAag, AvanA. Kabnyntr¢ Bioiatpikng MAnpogopikng,
Mavemiotiuio Gsooaliag

“YroAoyiotikn dooiuetpia kat Texvnty Nonuoouvn otnv lMupnvikn latpikn: Ané tnv
kAaoikn mpoofyyion otnv e£atouIkeVUEVN Bepancia”

lwavvng Toouykog, Kabnyntrc latpiknig Quoikig, Mavemiotiuio Osocoaliag

“YBp1dikég AnteikovioTIKES TexVIKEG otnv Mupnvikn latpikn: X0yxpoveg Epapuoysg
kat MeAAovtikég lMpoomtikég pe ™ ZupuBoAn tng Texvntng Nonuoouvng.”

14.30 - 15.30 AwdAsipgpa - MNevpa
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15.30 - 16.00 Zuvtoviotng: NikoAaog MaAAnkapdkng
Keynote Speaker
Yota Foka, GSI/CERN

“From Physics to Clinics”

16.00 - 17.00 H emavdotaon twv DRGs oto EAAnvVIkO XUotnpa Yyeiag

“ABnva” - yyyroviotiic: MavreAric AyyeAidng, Mav Avt. Maxedoviac

OuiAnTéG:

MNavteAng MecoapomouAog, AX KETEKNY

"DRG: Wnplakog Metaoxnuatiouog vioxvuong tng moloTNTag Twv UNNPECIWY TOU
EXY”

Anpntpng ToaAlkAakng, Aoikntic 3ng YIE
“H aia Twv kwilkomoicewyv otn dloiknon”

NikdAaog TevtoAoUpng, A/ving AiaBntoAoyiknic, EKIMA/Aaiké Noookopeio
“KAwvikn Mpaktikn Eqpappoyng twv DRGs”

Anpnitpng Mavou, OneSys
“Wnepiakég Ynodousg DRG”

EAévn Kwou, VIDAVO
“Yuotnua EAyxouv OpBotntag Kwoikomoinong DRG”

H cuvedpia opyavwvetal ge Tnv umootnpién tou Eupwmdikou KopBou lIJn(plaKng
Kaivotopiag yia my Eupun Yyeia smartHEALTH kat Tng gTaipeiag yn@lakwy
texvoAoylwyv uyeiag VIDAVO

16.00 - 17.00 H Mupnvikn TexvoAoyia ylda TNV mapaywyn NAEKTPIKAG EVEPYELAG

«r ”
Hpa Juvtoviotng: EAsuBepia Kapivou, ‘lwv ZtapateAdrog
OuiAnTéc:

Oe00wpog MepTtlIEKNG, Av. Kabnyntric Mupnvikic uoiknig, Turipa ®uoikric, EKMA
“H @uolkn Tapaywyng eVEPYELAG Ao oxdcn mupAvwy”’

Euotdabiog XtuAiapng, Kabnyntric, Tuniua Quoikric, EKIMA
“Mikpoi ApBpwtoi Avtidpaoctrpec (Small Modular Reactors-SMRs)”
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Kwvotavtivog ABpapiong, Av. Kabnyntiig, Turua ®uoikric, EKIMA
“Fusion. @a AUcel To evepyelako nmpoBAnua tn¢ avlpwnotntag;”

Euctdbiog Euoctabomoulog, Kabnyntric latpikric ®uoikric, latpikr XxoAr, EKIMA

“léco ac@alng givat n mapaywyn NAEKTPIKING EVEPYELAG ATIO MTUPNVIKOUG
avtidpactnpeg;”

17.00 - 17.30 Anén - Zupynepdopata - BpaBevosig
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XtpoyyUAn tpanela / Round Table

TitAog Ogpatikng otpoyyUAng tpamelag / Round table title
Wnoiakég MNapepBdoeig Itnv Alaxeipion Alatapaxwy looppomiag / Digital Intervention in the
Management of Balance Disorders

Opyavwtéeg / Organisers

Ka6. A. Koutcoupng kat kab. I'. MatcomouAog | Prof. D. Koutsouris and Prof. G. Matsopoulos
| ZHMMY EMIT - Epyactnpio Bioiatpikng TexvoAoyiag

Meprypawn avrtikeipevou / Abstract

Ol Yn@LakEG TapePBACELG TwY OlATAPAXWY LGOPPOTIAG, TEPIAAUBAVOUV TN XpNon TPONYHEVWY
TEXVOAOYLWV Yla TNV afloAoynon mapakoAoudnon Kat Bgparmeia. AmoteAoUV TNV AXHn Tou wpatog
OTNV QVTIUETWTION TETOOU €i0oug maboAoylwy, OIvoviag ONUAVTIKO KAIVIKO TAEOVEKTNHA.
JUPBAAAOUV TOGO OTN ANYN AVTIKEIPEVIKWY HETPACEWY TOU utmoBonBouv Tov KAWVIKO otn Anyn
amopacswy, 600 KAl otnv €€ AMOOTACEWSG OUCTNUATIKA TapakoAoudnon Ttng mopeiag
amoKATAoTAoNG. XTNV OUYKEKPIPEVN OTPOYYUAR Tpdmela 6Oa mapouciactouv Tpoypappata
xpnpatodotoupeva oto mAaiclo tou opilovta 2020, ta omoia agopouv TNV €€ AMOOTACEWC
mapakoAoubnon datopwv TPITNG NAKIAC MHE ouvvoonpotnNTeg KABwG Kal TNV &@ApHoyn
amoKATACTACN OTIG LOOPPOTIAG O OUVONKEG eEMauEnPEvng TPAYHATIKOTNTAG, UTO TNV €mMiBAsyn
oAoYpPaAPLWYV HE TEXVNTA EU@uid.

Digital interventions for balance disorders include using advanced technologies for assessment,
monitoring, and treatment. They represent the cutting-edge treating such pathologies, giving a
significant clinical advantage. They contribute both to obtaining objective measurements to assist
the clinician in decision-making, and to remotely and systematically monitoring the progress of
rehabilitation. This roundtable will present projects funded under Horizon 2020 which concern the
remote monitoring of elderly people with comorbidities and the application of balance
rehabilitation in augmented reality, under the supervision of holographic artificial intelligence.

Aiota opiIAnTwyv-glonyntwy / List of speakers
e Eioynon 1 (Talk 1)

HOLOBalance: KAvikd anmoteAécpata £@appoyng oAOypapHATwyY TV amoKatdotacn Tng
lcopporiac.

Xpnotog NIKATag, ducikobepancutiic, A Q.P.A. MNavemotnuiakn KAvikn, EOvikS kai Kamodiotplakd Mavemiotripio
AbBnvav, I.N.A. «Inmokparteio»
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e Eiwonynon 2 (Talk 2)
Smart Bear: MNola ta S16dypata tng EQAapHoyng tTng MAATYOpHAG;

EAguBepia HA1adou, Emikoupn Kabnyntpia, Mavemotipio MeAomovviicou, Tunpa Aoyo@epansiag

¢ Eiwonynon 3 (Talk 3)
Telerehab DSS: Napouciacn KAvikou NpwtokoAAou.

Anpr’rtpng KlKiGng, Enikoupog Kabnyntiig, A Q.P.A. Maveruotnuiakn KAvikn, E6viko kal Kanoolotplako
Mavemiotruio ABnvwv, N.N.A. «Innokpdteio.

e Eiwonynon 4 (Talk 4)
Avackomnon yn@lakwy mapepBacewyv amo tnv 61e0vi BiBAloypagia

AvOpéag Be{dkng, SHMMY, EMI, Epyactripio Biotatpikric TexvoAoyiag

© 2025 EAEBIT- EAMAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENEMY-EMnvikij Etaipia NavotexvoAoyiag ot Emiotripeg Yyeiag 52
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




EAEBIT | A|”

- 20 MaveMArvio Suvédplo 21 -23 | 5 ‘ 2025
www.elevit.org.gr NANEAAHNIO IYNEAPIO duokwy Emotnuwy otny Yyeia: i '
E\BMTP\KHE TEXNOAOTIAS Kawotopieg kat MpoorTikée AenVU. | EMada

FSSEAENENY
XtpoyyUAn tpanela / Round Table

TitAog Ogpatikng otpoyyUAng tpamelag / Round table title
The role of computational models and artificial intelligence for digital twins in non-invasive
diagnosis of brain and heart diseases

Opyavwtng / Organiser

Ap. Mdplog Avtwvakdkng | Zuvepydtng Epsuvntig,

Epyaotnpio Yneiaknc Enséepyaciag Eikovag Kat Znpatog, ZxoAn HAEKTpoAoywv Mnxavikwv Kai
Mnxavikwv YroAoyiotwv lNoAutexveio Kpntng, MoAutexveioumoAn, Xavia 73100, EAAdda

Meprypan avrtikeipévou / Abstract

The integration of Computational models for Digital Twins and Artificial Intelligence (Al) is
revolutionizing the non-invasive diagnosis of brain and heart diseases, offering unprecedented
precision and personalized healthcare solutions. This panel will explore how Computational
modeling constructs digital twins for enabling simulation and disease detection, enhancing early
treatment planning. Experts will also discuss the role of computational and Al-driven models,
including machine learning and deep learning, in analyzing medical imaging, physiological
signals, and patient-specific data to improve diagnostic accuracy. The session will highlight current
advancements, and challenges in adopting these technologies for clinical applications. Attendees
will gain insights into how computational modeling, Al and digital twins are shaping the future of
non-invasive diagnostics, driving innovation, and improving patient outcomes.

Aiota opiIAntwyv-glonyntwy / List of speakers
e Ewonynon 1 (Talk 1)

SAFE-AORTA: An overview of a CDSS for Abdominal Aortic Aneurysm Disease Based on
Artificial Intelligence Models

Emk. Ka®. Xpnnotog MavomouAog, Epyactnpio Biopsuotounxavikiic & Bioiatpikric TexvoAoyiac, IxoAr

MnxavoAdywv Mnxavikwv, EOviko MetodBio MoAutexveio,
Hpwwv MoAutexveiov 9, 15780 ZOQIPAQOZ - AGHNA

e Eiwonynon 2 (Talk 2)
Non-invasive diagnosis of brain and heart disorders with computational and Al modeling

Ap. Mdaplog Avtwvakakng, Epyactipio Wnetakric Enséepyaciac Eikévag kai ZRpatog ZxoAn HAEKTpoAdywv
Mnxavikwv kat Mnxavikwv YmoAoyiotwv MoAutexveio Kpntng, MoAutexveiounmoAn, Xavia 73100, EAAada
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¢ Eiwonynon 3 (Talk 3)

Computational mechanics tools for biomechanics and artificial intelligent reduced order
modelling for digital twins and virtual sensors

Ka®. ZtaupouAdkng MNwpyog, Epyactripio YroAoyiotikig Mnxavikrig kai BeAtiotomoinong, ZxoAr Mnxavikav
Mapaywync kat Aioiknong, MoAutexveioumoAn, Xavia 73100, EAAdda

¢ Eiwonynon 4 (Talk 4)
Complexity reduction of hemodynamics modelling of infrarenal aortas via machine learning

Emk. Kab. AlayyeAdakng Nikog, Auvapikri, BeAtiotonoinon kat PUBuion Aiepyacicv, ZxoAr Xnuikav Mnxavikeov
kai Mnxavikwv MeptBaAiovrog, lMoAutexveioumoAn, Xavia 73100, EAAdda

© 2025 EAEBIT- EAMAnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENEMY-EMnvikij Etaipia NavotexvoAoyiag ot Emiotripeg Yyeiag 54
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




EAEBIT || A *

20 MaveMArvio Suvédplo 21 -23 | 5 ‘ 2025
www.elevit.org.gr NANEAAHNIO IYNEAPIO duokwv Emotnpwy otnv Yyeia: i '
BIOATPIKHE TEXNOAOTIAS Kawotopieg kat MpoorTikée Aer]VG. | EMada

FSSEAENENY
XtpoyyUAn tpanela / Round Table

TitAog Ogpatikng otpoyyUAng tpamelag / Round table title
Digital health services to facilitate non-invasive diagnostics of brain diseases.
Empowering digital health in public and private sector: The case of smartHEALTH

Opyavwtng / Organiser

Ap. Mdplog Avtwvakadkng | Zuvepyadtng Epeuvntiig, Epyactripio Wnetakng Eneéepyaoiag Eikdvag
Kal Znpatog 2xoAn HAektpoAdywv Mnxavikwy kai Mnxavikwyv YrmoAoyiotwv MoAutexveio Kpntng,
MoAutexveioumoAn, Xavia 73100, EAAdda

Meprypawn avrtikeipévou / Abstract

European Digital Innovation Hubs (EDIH) Network is the driving force behind Europe’s
Digitalisation. With the support of the European Commission, the EDIH Network is a community of
tech experts that work together to help and assist Europe’s businesses and organizations on their
path toward Digital Transformation and Innovation. smartHEALTH is an EDIH dedicated to
accelerating Greek entities in the healthcare sector. This panel discussion will provide a
comprehensive overview of the smartHEALTH role. It will highlight its mission to support SMEs,
startups, mid-caps, and public sector entities in enhancing their processes, products, and services
through digital technology. A key component of this initiative is the "Test Before Invest” services,
which allow organizations to assess and experiment with digital solutions before full-scale
implementation, thereby mitigating risks and fostering informed decision-making. Notably, within
its first 20 months of operation, smartHEALTH provides "Test Before Invest" services to 78
beneficiaries, earning a badge of excellence in recognition of this achievement. The panel will
also present recent results and success stories, demonstrating the tangible impact of
smartHEALTH's contribution to the Digital Transformation of healthcare companies &
organizations. Attendees will gain insights into how smartHEALTH and its partners are driving the
Digitalisation of Healthcare Ecosystem.

Aiota opiAntwv-clonyntwy / List of speakers
e Eioynon 1 (Talk 1)
The smartHEALTH EDIH

Kwotag Kapapdvng, Kévipo Epappoywv kat Yrnpeoiwv HAsktpovikic Yyeiac, Ivotitouto MAnpo@opikic, 10pupa
TexvoAoyiag kat ‘Epeuvag (ITE), N.MAactipa 100, BaciAikd Boutwv, 70013 HpdkAcio, Kpntn
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e Eiwonynon 2 (Talk 2)
A sample of smartHEALTH services

Ap. Mdaplog Avtwvakakng, Epyaoctipio Wnetakric Enséspyaciac Eikévag kai ZRpatog ZxoAn HAEKTpoAdywv
Mnxavikwy kat Mnxavikwv YmoAoylotwv lMoAutexveio Kpntng, [MoAutexveiounoAn, 73100 Xavid, Kpntn

¢ Eiwonynon 3 (Talk 3)
smartHEALTH experience - Aisthesis Medical

Ap. Tavvng Mkoullwvng, CEO Aisthesis Medical, BaAtetoiou & TpimoAswe, 41336 Adpioa

e Eiwonynon 4 (Talk 4)
smartHEALTH experience: Bioemtech

Ap. Twpyog AoUvVToG, CEO Bioemtech, Mépakac, 15344 Abriva
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XtpoyYyUAn tpanela / Round Table

TitAog Ogpatikng otpoyyUAng tpamelag / Round table title

The Role of Al and Multivariate Data in Enhancing Transitional Care

Opyavwtéeg / Organisers

Evdokimos Konstantinidis | PostDoctoral Researcher at Medical Physics and Digital Innovation
Laboratory, School of Medicine, Aristotle University of Thessaloniki

Despoina Petsani | Research Associate, Medical Physics and Digital Innovation Laboratory,
School of Medicine, Aristotle University of Thessaloniki

Meprypawn avrtikeipévou / Abstract

This panel explores the critical role of multivariate data in transitional care and its impact on
decision making, quality of care and patient outcomes. From data storage, access and sharing to
interoperability and compliance, the discussion will highlight practical examples, challenges, and
emerging frameworks. With the rise of Al, new opportunities are emerging to enhance data-driven
decision-making, ultimately leading to better health outcomes. This evolving landscape presents
a valuable opportunity for innovators and entrepreneurs to leverage data effectively in support of
their healthcare innovations.

This session is supported by three HE projects, RAISE (https://raise-science.eu/), EVOLVE2CARE
(https://evolve2care.eu/) and DataPACT (https://datapact.eu/)

Ailota ogiAntwyv-glonyntwy / List of speakers
e Eionynon 1 (Talk 1)
From Sharing to Access: Leveraging Secondary Data in Transitional Care

Evdokimos Konstantinidis, PostDoctoral Researcher at Medical Physics and Digital Innovation Laboratory,
School of Medicine, Aristotle University of Thessaloniki

e Eioynon 2 (Talk 2)
Living Labs as a Catalyst for Data Collection in Transitional Care

Despoina Petsani, Research Associate, Medical Physics and Digital Innovation Laboratory, School of Medicine,
Aristotle University of Thessaloniki
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e Eiwonynon 3 (Talk 3)
European Health Data Space: Legislative framework

Olga Galanets, IT Project Manager, International Data Spaces Association

e Eiwonynon 4 (Talk 4)

Open Science, Al, and Data Interoperability: Unlocking the Potential of Multivariate Data in
Healthcare

Natalia Manola, CEO at OpenAIRE AMKE, Non-profit pan European e-Infrastructure
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XtpoyyUAn tpanela / Round Table

TitAog Oepatikng otpoyyUAng tpamelag / Round table title

O pbAog kat n B€on Tou MnxavikoU Blotatpikig TexvoAoyiag UTPooTd oTIG TEXVOAOYIKEG
mpokKANoelg Kal otig e€€Ai§elg otnv EAAGda / The Role and Status of Biomedical Technology
Engineers in Addressing Technological Challenges and Developments in Greece

Opyavwteg / Organisers
Ap. Xprotog X. MIXAHA | Dr. Eng. Christos Ch. MICHAIL
Ka6. MNnavvng KAAATZHZ | Prof. John KALATZIS

Meprypan avtikeipévou / Abstract

0 oKomAg TNG BepaTIKNG 0TPOYYUANG Tpdmedag ival va avadeifet Tn 6£on kat tov poAo tou KAvikou
Mnxavikou - MnxavikoU Blolatpikig TexvoAoyiag oto Anpdoto Zuotnua Yyeiag, sotidlovtag ota
Anpoola Noookopeia t™¢ EAAGOag (Mevikd, Mavemotnuakd, Mepupepelakd, EWOIKA) péow
OUYKEKPIHEVWYV TTEPITTWOEWV (case studies). H cudntnon 6a KaAUWel TNV TpEXOUCA KATACTAGCH TOU
TOpEQ Kat TN cUPBOAR Twv pnxavikwy Blolatpikng TexvoAoyiag oTig MPoKANCELG Kal eEENIEELC TNG
wnelakng uyeiag (Digital Health), tng A€loAdynong TexvoAoywwyv Yyeiag (HTA), kabwg Kal twv
Opdoeswv mou amoppéouv amd To Tapeio Avakapyng kat AvBsktikotntag (RRF), to EZMA kat to
nmpoypappa EAAGSa 2.0. EmmAéov, Ba avaAuBouv oxeTiKol OEIKTEG TTOU €XOUV Kataypasi amo tov
Maykooplo Opyaviopo Yyeiag (MOY) kat 6a oulntnbouv Bfpata oOmwg n Olaxeiplon Tou
latpotexvoAoylkou EEomAiopou (I/E) ota Noookopeia, n oupBoAn otnv uloBEtnon VEwv
TEXVOAOYLWY, KAl N AELTOUPYIa NAEKTPOVIKWY PAKEAWY AcOEVWY Kal ynelakwy e@appoywy (PACS,
RIS, LIS k.d.). TéAog, Ba e€staotei N oTeAéxwon Twv TPNPAtwy Blotatpikng TexvoAoyiag kat n B£on
TOUG OTO opyavoypappa twv Nocokopeiwy, avadelkviovtag £€Tol Tn onpacia Tou KAAdou yla tnv
avantuén kat Tnv avaBadpion tou Anpooctou Xuotnpatog Yyeiag otnv EAAGda.

The purpose of the thematic round table is to highlight the position and role of the Clinical
Engineer - Biomedical Technology Engineer in the Public Health System, focusing on the Public
Hospitals of Greece (General, University, Regional, Special) through specific case studies. The
discussion will cover the current state of the sector and the contribution of Biomedical Technology
engineers to the challenges and developments of Digital Health, Health Technology Assessment
(HTA), as well as the actions stemming from the Recovery and Resilience Fund (RRF) and the NSRF
(ESPA) and the Greece 2.0 program. In addition, relevant indicators recorded by the World Health
Organization (WHO) will be analyzed and issues such as the management of Medical Equipment
(M/E) in Hospitals, the contribution to the adoption of new technologies, and the operation of
electronic patient records and digital applications (PACS, RIS, LIS, etc.) will be discussed. Finally,
the staffing of the Departments of Biomedical Technology and their position in the organizational
chart of the Hospitals will be examined, thus highlighting the importance of the sector for the
development and upgrading of the Public Health System in Greece.
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Aiota opgiAntwv-cionyntwy / List of speakers
e Eiwonynon 1 (Talk 1)

H Akadnpaikn OgpeAiwon tou PoAou tou Mnxavikou Bloiatpikng TexvoAoyiag otig ZUYXPOVEG
MpokAnoeig

Ka®. I. KaAatlng

e Eiwonynon 2 (Talk 2)

O Mnxavikog Biotatpikng TexvoAoyiag otnv EAAGSa kat AleBvwg: A€iKTeG, ZUYKPIGELG Kal
MpoonTikég

Ap. Xprotog X. MixanA

e Ewonynon 3 (Talk 3)

O pbAog kat n Béon Tou MnxavikoU Blotatpikrig TexvoAoyiag: H peAétn mepintwong evog
Fevikou Mavemotnpiakou Nocokopeiou - IM.M.N. «ATTIKON»

Nik6Aaog KpaBapitng

e Eionynon 4 (Talk 4)

O poAog kat n B€on Tou Mnxavikou Blotatpikig TexvoAoyiag: H peAétn mepinmtwong evog
FevikoU Nocokopeiou - F.N.A. «I. Fevvnuatdg»

lwavvng Oikovopou

e Ewonynon 5 (Talk 5)

O unxavikog Biolatpikng TexvoAoyiag kat n A§loAdynon latpikou E§omAiopou (HTA): To
Napadetypa tou Qvaoceiou Kapdioxeipoupyikou Kévtpou (Q.K.K.)

Mewpylog XaAoutoog
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TitAog / Title

Creating a Common Language: Applying Systems Engineering to Healthcare Innovation

Opyavwtéeg / Organisers
K. Mitsopoulos, V. Mantiou, Dr. K. Nizamis

Abstract

The challenge of interdisciplinary communication in biomedical engineering increases with the
proliferation and expanding complexity of healthcare technologies. Systems Engineering (SE) can
provide an effective approach to managing complexity through efficient stakeholder involvement,
by the integration of their viewpoints throughout a system’s life cycle. This 90-minute workshop
introduces SE as a common language for biomedical innovation, guiding participants through a
practical case study involving a smart pillbox designed to improve medication adherence in elderly
patients. Following a brief introduction to the field and its modern applications, participants will
operate in diverse teams to explore the problem space, define stakeholders, and iteratively apply
a Model-Based Systems Engineering (MBSE) methodology to refine system functions and
architecture. Through structured group work and communication, the workshop highlights how SE
tools can improve clarity, coordination, and shared understanding across disciplines.

Alota oplAnTwyv-glonyntwyv-ekmaldeutwy / List of speakers-trainers

e Eionynon 1 (Talk 1)

Speaker / Affiliation

Konstantinos Mitsopoulos, MEng, MSc / Lab of Medical Physics and Digital Innovation, School of Medicine,
Aristotle University of Thessaloniki

Trainer / Affiliation

Vasiliki Mantiou, Msc in Medical Engineering and Informatics, Bsc in Electronics Engineering / Lab of
Medical Physics and Digital Innovation, School of Medicine, Aristotle University of Thessaloniki
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Epyaotnplo / Workshop

TitAog / Title

OAOKANPWHEVOG EAEYXOG AMVISWTWY

2uvtoVvIoTAG-OpIANTAG / Speaker
Mpapateutdkng EypavounA, BIOTECH

NMeprypawn / Description
Elcaywyn otov EAeyxo amvidwtwy & e@appoyn HE avaAuTEG TNG KATACKEUAOTPLAG
Rigel Medical:

i.  oUvOeon CUOKEUNG UTTIO £EAEYX0 GTOV AvVaAuTh
ii.  £Aeyxog AEITOUPYIKWY TTAPAHETPWY amVIOWTA
iii.  €Aeyxog NAEKTPLIKNG acPAAElag
iv.  Onuoupyia @UAAOU PETPACEWY, HE YPAPIKEG TTAPACTACELG TTAAHWY Amvidwaong
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Zupmooto / Symposium

TitAog / Title
HEROES Final Meeting & Open Workshop

What is the HEROES project?

The “Human Extremity Robotic Rehabilitation and Outcome Enhancement for Stroke” (HEROES)
project aims to investigate and promote neuroplasticity after chronic stroke with severe motor
disability.

What technologies did the HEROES project develop?

Brain-computer interfaces and robotic arms, virtual environments, wearable soft robotics (jacket
& gloves). Rich feedback through serious gaming applications were also used to enhance patients’
motivation and focus. High-density electroencephalography, electromyography and electrical
stimulation were used to modulate and monitor the plasticity of the neural system.

What is this meeting?

The HEROES Final Meeting & Open Workshop marks the end of the project, which officially comes
in August 2025.The meeting presents to the scientific community and to the general population
the outputs and results of the HEROES program: HEROES met its development goals, met critical
academic acclaim, achieved scientific output through peer-reviewed publications and conference
presentations, while most importantly, engaged with the patient community and conducted pilot
trials. Nonetheless, the Clinical Trial is still ongoing, and the members of the HEROES project are
determined to not lose the momentum but continue recruiting patients and complete the trials,
beyond the program’s end.

Panel
Assist. Prof. Alkinoos Athanasiou & Prof. Panagiotis D. Bamidis

Speakers

e Alkinoos Athanasiou - A decade of BERD development for neural rehabilitation

o Konstantinos Mitsopoulos - The NeuroSuitUp platform of wearable robotics, interfaces and
serious gaming

e Panagiotis Antoniou and Konstantinos Tagaras - Serious gaming for neural rehabilitation: lessons
learned during development

e Vasiliki Fiska - Integration and validation of soft robotic gloves: HEROES pilots

This interim meeting symposium is organized by the HEROES project which was funded by the Hellenic
Foundation for Research and Innovation (H.F.R.l.) under the “2nd Call for H.F.R.I.’s Research Projects to
Support Faculty Members &amp; Researchers” (Project Number: 4391).

HERWES @ HERL

undation for
Human Extremity Robotic Rehabilitation & Dutcome Exhancement for Stroke Research & Innovation
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Zupmooto / Symposium

TitAog / Title
ThessRoboGlove Forum: TRG2025 Symposium

Meprypawn / Description

To TRG Forum amoteAei évav mupnva cuvavtnong ylda £peUVNTEG amd Tov KAASOo TNG POUTIOTIKAG,
Kabwg €ival €0TIAOPEVO OFf POUTIOTIKA YAvTla Kal pouxa, €0IKA oxedlacpéva yua tnv
mapakoAoubnon kat dlaxeipion Old@opwy MABNCEWY Kal KALVIKWY KAataotacewy. Méoa amo autn
TNV TAATPOPHA, EPEUVNTIKEG OUAdEC amO OLAPOPES TEPLOXEG TNG XWPAG £XOUV TNV EUKAlpia va
TTapPOUGCIACOUV TA EUPHHATA TOUG, VA HolpacTtouV TV TOAUTIHN EUTIELpia TOUG Kal va avalntioouv
ouvepyaoieg. O KUplog okomog tou TRG Forum eivat n avtaAAayn YVWoewVY Kat n avadelen twv
KALVOTOHIWY OTOV TOMEA TNG POMTOTIKAG. Ot cuppeTéXovteg avaldntouv TPOTOUG GuVOUAGHOoU
TEXVOAOYIAG Kal lATPIKAG, TTPOKEIPEVOU va avamtulouv POUTOTIKEG AUGELG TIOU VA TIPOCWPEPOUV
mpaypatikn Bonbela otoug acBeveic. EmmAfov, péoa aAmO TAPOUCIACEIC TWV TEAEUTAIWV
gpeuvNTIKWY e€eAifewy, Ba mpaypatomoinfouv culnTNOELG KAl GXOALACHOl yld TNV AVTIHETWIIION
TWV TPOKANCEWY TTOU CUVAVTOUV Ol EPEUVNTEG OTOV GUYKEKPIPEVO TOPEA. XTa TMAaiola tou 11ou
MaveAAnviou Zuvedpiou Blotatpikng TexvoAoyiag tov Maio 2025, to TRG Forum mpaypatomolei tnv
4n ouvavtnon Tou, PETA to evapktiplo Symposium Thessaloniki wearable robotics gloves and
apparel knowledge exchange and cooperation forum oto Society of Applied Neurosciences,
©eocoalovikn, 17/09/2022, 1o ThessRoboGlove Forum oto 10 o MNMaveAAnvio Zuveédplo Blolatpikig
Texvoloyiag, ©Osooarovikn 7/10/2023 kat to TRG Forum Meeting & Workshop otnv Mepupepetakn
Emotnuoviki Huepida Blotatpikng TexvoAoyiag kat Mnxavikng, Kpitn 23/2/2024. Xta tpia xpovia
NG mMpwtoBouAiag To TRG Forum eVOWHATWOE VEEG EPEUVNTIKEG OUADEG, OLOPYAVWOE PUOIKA &
online workshops kal &ekivnoe epeuvnTIKEG ouvepyaocieg OlEKOIKWVTAG Xpnpatodotnon o€
avIaywvioTIKA e0vika Kat Olebvn mpoypdppara.

Mé€An tou Forum

ABavaciou AAKkivoog - Emikoupog Kabnyntig AMO, Avtumpdosdpog AX EAEBIT

Actapacg AAé€avdpog - Assistant Professor, American College of Thessaloniki-ACT

BeAAidou EAsuBepia - Epeuvitpla EOvikou MetodBlou MoAutexveiou, MéAog A EAEBIT
MntoomouAog Kwvotavtivog - Y. Ad. Epyaoctipto latpikng duoikng & Wnelakrig Kawvotopiag
ANO

Mmapidng Mavaywwtng - Kabnyntig, Aleubuvtiig iMedPhysLab AMNO, Mposdpog AX EAEBIT
Nizamis Kostas - Assistant Professor in Multidisciplinary Design, University of Twente
NikoAomouAog Zmupog - Epeuvntig B’ , IMTHA, EBviko Kévtpo ‘Epeuvag kat TexvoAoyikig
Avantuéng

MoAuyepivog Mavog - AvamA. Kabnyntnig, Soft Robotics, EAANVIKO Mecoyelako Mavemotnplo
Toimoupag Mdpkog - AvamAnpwtig Kabnyntig, Mavemotnpio Autikng Makedoviag (MAM)
®ioka BactAikn - BonBog Epsuvntn, INTHA, EKETA - Epsuvitpla iMedPhysLab AMO - Ymr. Ad. NAM
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BaociAikn ®ioka
Kwvotavtivog MntodmouAog

OuiAntEg / Speakers

¢ Invited Speaker

Panagiotis Vartholomaios (online), Assistant Professor of Robotics, Department of Computer Science and
Biomedical Informatics, University of Thessaly & Institute of Robotics, "Athena” Research Center

Epeuvntikég KateuBuvoelg otny latpikni Poumotiki: EAaxiota EmepBatiki Popmotiki
Xelpoupylkn Kal Popumotikd Zuotipata Amokatdotaong / Resaerch Directions in Medical
Robotics: Minimally Invasive Robotic Surgery and Rehabilitation Robotics

e Panagiotis Polygerinos
Soft Wearable Robotic Garments: The EU SWAG project

e Eleftheria Vellidou
Exoskeletons in balance disorders & the Rehabotics

e Markos Tsipouras (online)
AvdAuon HET yia NeupoAoyikég Alatapaxég Kal avantuén Alemagwyv Eyke@diou-
YmoAoylioti

e Alexander Astaras
Results from the online workshop on wearable robotics questionnaires

e Spiros Nikolopoulos and Vasiliki Fiska (hybrid)
Collaborations and search for future funding for TRG forum project proposals and actions

e Panagiotis Bamidis
Closing Remarks

Discussion

To mapdv cuumndaoio opyavwvetal kai unootnpiletal ota mAaiota tou ‘Epyou 13170 tng
Emtponng Epeuvav tou ApiototéAciou lMavemniotipio Osooalovikng «Evioxuon Newv
MeAwyv AETT» ota mAaiota ths mpoBoAng EpEUVNTIKOU AVTIKEIUEVOU.
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Jupmootio/ Symposium

TitAog / Title

doitntikdg Alaywvicpog / Student Paper Competition

Opyavwtéeg / Organisers
Assist. Prof. Alkinoos Athanasiou, Prof. Panagiotis D. Bamidis

Meprypawn / Description

Ma d0eutepn Yopd Slopyavwvetal ota mAaiola tou cuvedpiou Tng EAEBIT Siaywviopog KaAutepou
apBpou mou umoBANBNKe yla afloAdynon amo @ottntr. O Beopog Eekivnoe pe TOAU HeydAAn mTuxia
10 2023 oto 10 o MaveAArvio Zuvédplo Kal Ta dpbpa mou mapouclactnkav OnpocleUTNKAV OF
special issue TOoU Global Clinical Engineering Journal
(https://globalce.org/index.php/GlobalCE/issue/view/26).

AlKaiwpa CUPHPETOXNG €iXav TPOTTUXIAKOL KAl HETAMTUXIAKOL OITNTEC KABWG Kal umoyn@lol
OLOAKTOPEG HE UTIOBOAEG €pyaciwyv TIOU TPOEKUWAV AT €PEUVNTIKA OOUAELd ota TAdiola tng
(POITNONG TOUG, TNG MTUXIAKNAG N SUMAWHATIKAG TOUG £pyaciag i Tou Ol0aKTopLlkou TouG.

O @oITNTAg TPEMEL va €ival TPWTO OVOPA OTNV £pYAcid. XTNV €£pyacia TMPEMEL VA CUHPHETEXEL
UTTOXPEWTIKA WEAOG AEM (A oplopévog umelBuvog pabnpatog/SIMAWHATIKAG) emMBAETOVTAG TNG
TITUXLAKAG, OUTAWHATIKAG I} TOU OLOAKTOPLIKOU TOU (POLTNTH, WG TEAEUTAIO OVOHA OTNV £pyacia mpog
BpdBeuon. O emBAEémovtag BeBawwvel (ota €AANVIKA 1 ayyYAIKA) TNV TPoEAEUCN TNG £pyaciag
Kabwg Kal Tnv mpotacn Tou yla cuppetoxn tng oto Student Competition. Ot ummoBoAEG €ytvav oto
010 MPATUTIO pPE AUTO TNG EKTETAPEVNG TTEPIANYNG TOU CUVEDPIOU EVW O HOPYOTUTIOS Eival aUTOg
Tou short paper €éktaong wg 4 oeAideg Pe OAA Ta OTOIXEl TNG epyaciag (CUPTEPIAAUBAVOPEVWY
OXNUATWY, ava@opwy f mapapTnHAtwy) eviog Tng EKTAcng Twv 4 ceAidwy.

Ot viknTég Tou Student Competition emAéyovtal pe Bdon tn Badupoloyia twv reviewers kat tnv
BabuoAoyia tng Emrtponng BpaBeiwv (Award Committee) tou cuvedpiou Tou mapakoAoubnos Tig
TApOUCLAcELg Kal avakolvwvovtal otny TeAetn ANENG tou 11ou MaveAAnviou Zuvedpiou Blolatpikig
TexvoAoyiag otig 23/05/2025 Ta BpaBeia avrtiotoixolv o KAAuyn amd tnv EAEBIT twv ££00wv
OUMHETOXNG €VOC ouyypagéa (ouvnbwg Tou mpwrtou) ot omolodnmote OlEBVEC GUVEDpPLO
dlopydvwong n umd tnv atyida tng IFMBE, tng EAMBES, tng GCEA 1 tng EAEBIT.

JUVTOVIOTEG
KaB. MixaAng ZepBAkng, MoAutexveio Kprtng
Assist. Prof. Alexander Astaras, ACT

Emtponn BpaBeiwv
2aBBag Avaotaoctadng, AAéEavopog Aotdpag, EAsuBepia BeAAidou, Apng Asppuitldkng,
Kwvotavtivog Alapavtng
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MACHINE LEARNING ALGORITHMIC CLASSIFICATION OF SURFACE
ELECTROMYOGRAPHY (SEMG) OF BICEPS & TRICEPS
AGONIST/ANTAGONIST ACTIVITY

C. Tsemekidis*, A. Arvanitidis*, C. Gravalidis**, P.D. Bamidis* and A. Athanasiou*

* Lab of Medical Physics & Digital Innovation (iMedPhysLab), School of Medicine, Faculty of
Health Sciences, Aristotle University of Thessaloniki (AUTH), Thessaloniki, Greece
** Physics Department, AUTH, Thessaloniki, Greece
cxarhs@gmail.com, thanosarv99@gmail.com, cgrava@physics.auth.gr, bamidis@auth.gr,
athalkinoos@auth.gr

Abstract

Surface electromyography (sEMG) signals are a
powerful non — invasive tool for analyzing and
assessing muscle activity. Muscle state classification is
a complex procedure, especially for biceps and
triceps, due to crosstalk, noise, artifacts and
variability but also due to the limitations that
accompany the traditional classification methods.
This study aims to test and evaluate machine learning
models in classifying SEMG signals of biceps &
triceps working as agonist/antagonist pair. The
SEMG data include recordings from 100 participants.
The data went through a preprocessing stage which
included dc artifacts removal, bandpass filtering,
notch filter application, rectification, smoothing and
normalization. From the feature extraction process,
features retrieved from both Time — Domain (TDF)
and Frequency Domain (FDF). The machine learning
models of k-Nearest Neighbors (kNN), Random
Forest (RF), and Extreme Gradient Boosting
(XGBoost) were used for the classification task. The
XGBoost model achieved the highest accuracy of
97.68%, while RF and kNN achieved 97.60% and
92.85% respectively. Key features in this process were
the Shape Factor (SF) and the Root Mean Square
(RMS). These results highlight XGBoost’s superior
performance in classifying sEMG  signals,
demonstrating its potential for precise muscle activity
recognition in rehabilitation, exoskeleton control, and
prosthetic applications. Future improvements will
include the real — time application of the classifiers as
long as applications in wearables for Human —
Computer Interfaces (HCI).

Keywords
sEMG, Machine Learning, Muscle State Classification,
Biomechanics, Neural Control, Nanotechnology

Introduction

Conditions such as stroke or spinal cord injuries (SCI)
are a major problem in the lives of more and more people
every day. According to the World Health Organization
(WHO), about 16% (1.3 billion people) of the global
population is experiencing a disability [1]. The challenge
is therefore to achieve the rehabilitation of the damage or
to manage the difficulties properly. Rehabilitation faces

a number of problems relating both to the lack of
knowledge on specific scientific subjects and also to the
lack of techniques that can be applied accurately to
achieve a significant result.

Rehabilitation includes methods like specialized
movement exercises, joint and muscle activation
techniques and strengthening exercises among others.
Effective rehabilitation often relies on detailed
monitoring of motion states, which involves recording
and documenting neuromuscular activity. To achieve
this, it is essential to describe muscle function, activation
patterns, and the signals that can be acquired.
Neuromuscular activity generates biosignals that can be
recorded and analyzed for rehabilitation purposes. One
effective method is SEMG, which uses electrodes placed
on the skin above the target muscle [2]. These electrodes
detect electrical signals sent by the nervous system to
trigger muscle activation. Specifically, these signals
result from muscle fiber contractions driven by motor
neuron action potentials [3]. According to literature, most
studies focus on the lower extremities, therefore the need
for data acquisition for biceps and triceps brachii is
necessary [4]. The ability to classify these signals using
Machine Learning (ML) models has significant
implications for assistive technology and biofeedback
applications. Such applications include prosthetic limb
control, rehabilitation robots, in neurological disorders
(e.g.: stroke) and HCIs, among other important fields [5],

(61, [7], [8].

The aim of this study is to investigate three ML
algorithms for classifying biceps and triceps SEMG
signals by acquiring information related to feature
extraction and focusing on comparative model
evaluation. Finding the most reliable classifier will assist
in interpreting the biosignals in a proficient manner, in
order to make it more applicable in Engineering and
Medical fields.

Materials and Methods

Biomechanics and Neural Control

The major role of biceps brachii is the flexion of the
forearm at the elbow joint in which it is the primary
agonist, while the major action of the triceps brachii is
the extension of the forearm [9]. The triceps’ primary role
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as an extensor opposes the movements of the biceps
making it an antagonist muscle. In order for a movement
to occur, both agonist and antagonist are jointly involved
in the control and moderation of the action [10]. Their
coordinated movement is regulated by neural control
mechanisms originating from the central nervous system
(CNS). The neurons responsible for body movement are
called motor neurons and are divided into upper and
lower region motor neurons [11]. Every signal that is
propagated has its own sEMG recording interpretation.
The three areas in the cerebrum that orchestrate and
coordinate the motion are the primary motor cortex, the
cerebellum and the basal ganglia [9], [12], [13].

Many muscle fibers must be innervated by a single alpha
motor neuron in order for the muscle to function
holistically. The combination of a motoneuron and the
muscle fibers that it innervates is called motor unit [14].
For a completion of a movement, the number of motor
units that are activated increases, as the demanding force
rises, through a specific process called motor unit
recruitment [15]. The recruitment of the motor units is
not random but it is governed by the Henneman’s size
principle according to which, as the signal activity from
the axons increases, progressively larger motor units are
recruited resulting in the generation of larger forces [15].
This hierarchical activation ensures efficient force
generation and fatigue resistance.

A key parameter that determines the final result of force
production by the muscle is the length of the muscle at
the start of the movement [16]. Near the resting length of
the sarcomere, which is around 2.2 um, optimal
overlapping of thick and thin filaments occurs and the
sliding takes place along the entire length of the thin
filaments [17]. At this state maximum force generation
occurs as we have the highest cross — bridge formation
percentage. Surface electromyography (sSEMG) records
electrical signals by detecting voltage changes on the
skin over active muscles. These signals represent motor
unit activity and provide insights into muscle
coordination and activation patterns. By processing
sEMG data, we can classify movement dynamics,
offering  valuable applications in  prosthetics,
rehabilitation, and human-computer interaction.

SEMG Signal Acquisition and Preprocessing

The dataset contains data collected from 100 participants,
50 males and 50 females, aged from 21 to 34 years [18].
Surface electrodes were placed over the biceps and
triceps according to SENIAM guidelines. Signals were
acquired at a sampling rate of 1024Hz. The experimental
protocol contains a series of discrete steps that are:
baseline rest periods, maximum voluntary contractions
(MVCs), biceps curls with and without resistance and
triceps extensions with and without resistance. The data
include a timestamp, a 1- channel signal from the
electrode on the bicep, a 1- channel signal from the
electrode on the triceps and an annotation for the signal
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in each timestamp for both arms of the participants,
dominant and non dominant.

In EMG signal analysis, preprocessing is a critical step to
enhance the quality of the signal and ensure robust
feature extraction [19], [20]. To address the challenges
caused by noise and artifacts, a series of preprocessing
steps were performed to prepare the data for further
analysis. The steps include removing dc artifacts,
bandpass filtering to isolate relevant frequency
components and applying a notch filter to remove power
line noise. Additionally, the signal was rectified and
smoothed using a moving root-mean-square (RMS)
envelope to extract meaningful amplitude information.
Finally, normalization was conducted by utilizing
Maximum Voluntary Contraction (MVC) values for each
participant to allow inter-subject analysis. This
preprocessing pipeline allowed the usability of EMG
signals for further analysis.
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Figure 1. Preprocessing pipeline
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Figure 2. SEMG before and Xfter Filtering (Biceps)

Feature Extraction

Feature extraction is a crucial step in EMG analysis,
aiming to capture important information of raw or
preprocessed biosignals. Based on the data produced by
the preprocessing pipeline, the features that are extracted
are grouped into time-domain and frequency-domain.
These features aim to help capture the signal’s temporal
and spectral characteristics while also enabling the
quantification of muscle dynamics and activation levels.
Time-domain features are essential in EMG signal
analysis, as they provide fundamental information about
muscle activity over time [21]. Some of the time-domain
features extracted for this study are: Mean Absolute
Value (MAV), Root Mean Square (RMS), Zero Crossing
(ZC) and Shape Factor (SF). In EMG signal analysis,
frequency-domain features allow the exploration of
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spectral characteristics of the signal, which are essential
for understanding the underlying muscle activity. These
features provide insights into how the signal’s frequency
components evolve, reflecting muscle performance,
fatigue, or even contraction type. Frequency domain
analysis typically involves transforming the time-domain
EMG signal into its frequency components using
methods like Fourier Transform. Some of the frequency-
domain features extracted for this study include: Mean
Frequency (MNF), Median Frequency (MDF), Power
Spectrum Density (PSD), Peak Frequency (PF) and Total
Power (TP). To further enhance model performance,
feature standardization was applied. Each feature was
standardized using the mean and standard deviation
calculated across the training data. The same
transformation was applied to the test set, using the
parameters derived from the training data, to prevent
information leakage. Standardization ensures that
features with different ranges and scales do not
disproportionately influence the model's learning
process.

.

P
1
.

Machine Learning Classification

The algorithms selected and compared for the
classification are k — Nearest Neighbors (kNN), Random
Forest (RF), and Extreme Gradient Boosting (XGBoost).
These algorithms were chosen based on their
demonstrated ability to handle high-dimensional data,
their robustness to overfitting and their capacity to
deliver accurate and interpretable results in complex
classification tasks such as EMG signal analysis. kNN is
a simple and effective supervised learning algorithm used
for both classification and regression tasks. The core
principle behind kNN is based on the idea that similar
data points tend to be close to each other in the feature
space [22]. RF is an ensemble learning method that builds
a collection of decision trees to improve the stability and
accuracy of the classification process [23]. XGBoost is
an efficient and scalable implementation of gradient
boosting, an ensemble learning technique that builds
trees sequentially [24]. To increase the reliability of the
results, a 5-fold cross validation evaluation strategy was
implemented, during which, 20% of the subjects were
selected as a test set and the other 80% for the training
set. With this technique we prevent overfitting, and
ensure a robust, unbiased evaluation [25]. For the
evaluation, the metrics of Accuracy, Precision, Recall
and F1 Score were used.

Results

The performance of each model was evaluated as a first
step using 5-fold cross validation. Hyperparameters were
tuned using grid search. The XGBoost -classifier
demonstrated superior performance with a classification
accuracy of 97.68%, outperforming RF (97.6%) and
kNN (92.85%). Table 1 includes the final performance
with all the metrics. The XGBoost confusion matrix,
(Figure 3), maps activity labels as follows: 0—Bicep
(Res.), 1-Tricep (Res.), 2-Bicep (No Res.), 3—Tricep (No
Res.), 4-Bicep (MVC), 5-Tricep (MVC), 6—Rest.
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Future Work

While machine learning algorithms exhibit strong
performance on the task of activity recognition the use of
neural networks tailored for time series analysis, namely
Long Short-Term Memories (LSTMs) or Convolutional
Neural Networks (CNNs), could exhibit even stronger
performance. Future directions could involve automating
the detection of a wider array of exercises, including
more complex and varied movements. Also,
implementing real-time classification for wearable
applications enhanced with nanotechnology and
biosensors would revolutionize fields of prosthetics and
HCI.

Table 1: Classification Performance

Fold Accuracy Precision Recall F1
(%) (%) (%) Score
RF 97.60 98.14 97.60 0.98
XGBoost | 97.68 98.21 97.68 0.98
kNN 92.85 96.46 92.85 0.94
XGBoost

0.024

True label

H 0.014
] H 0.014

Predicted label

Figure 3. XGBoost Confusion Matrix

Discussion

The study highlights the potential of ML techniques in
classifying biceps-triceps sEMG activity. XGBoost
emerged as the most effective classifier, owing to its
ability to capture complex data relationships. The feature
importance analysis suggests that time-domain features
(amplitude & shape related) contribute significantly to
muscle classification accuracy. These findings could
enhance rehabilitation systems and myoelectric
prostheses by providing more accurate muscle activity
interpretation.
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Abstract

Advances in big data, artificial intelligence, extended
reality (XR), the quick growth of healthcare data calls
for flexible and scalable database solutions.
Traditional relational databases are often proving
unable to handle capacity, variety, and speed of
medical data, leading to the adoption of NoSQL
approaches. The current work develop a NoSQL
database integrated with an front-end interface to
support XR healthcare applications. The proposed
platform uses MongoDB's schema-less design,
flexibility, and capacity to effectively handle
organized and unordered data. Encryption,
authentication, and adherence to legislation,
availability of data, real-time processing and security
are key desired features. The database’s goal is to
support immersive, interactive, XR for surgical
preparation, patient education, and medical teaching.
The system's performance, adaptability, and efficacy
in clinical settings will be analyzed via real world
application and usability tests.

Introduction

Traditional relational databases find it difficult to keep up
with the needs of flexibility, real-time processing, and
scalability as data driven applications keep expanding.
Offering schema-less designs, distributed architectures,
and high availability, NoSQL databases have emerged as
a strong alternative. Ideal for applications driven by
artificial intelligence, cloud computing, and big data are
their capacity to manage semi-structured and
unstructured data. NoSQL databases with smooth
horizontal scalability guarantee effective data handling,
therefore allowing companies to quickly and dependably
operate vast amounts of data.

The healthcare sector is among those significantly
benefiting from the adoption of NoSQL databases and
big data analytics. NoSQL databases improve patient
treatment, research, and operational efficiency from
handling large medical files to facilitating predictive
analytics [1]. Moreover, the expanding use of Extended
Reality (XR) technologies—including virtual and
augmented reality—in healthcare increasingly relies on
real-time data processing for applications in medical
training, surgical operations, and therapeutic

interventions. Integrating XR and big data with NoSQL
databases will enable medical professionals to enhance
treatment accuracy, patient satisfaction, and general
healthcare results [2].

NoSQL databases have emerged as an essential
alternative to traditional relational databases for
managing large and diverse datasets, offering enhanced
scalability, flexibility, and fault tolerance [3]. NoSQL
databases store and manage semi-structured and
unstructured data efficiently using key-value stores,
document stores, column family stores, or graph
databases, unlike Relational Database Management
System, which depend on inflexible table-based
structures [4]. This type of database support horizontal
scalability, which lets systems grow by means of
installing more servers and not upgrading components.
Furthermore makes them excellent for large data
processing, cloud applications, and dispersed systems, as
they distribute data across several nodes to avoid single
points of failure and guarantee high availability and
resiliency [4]. By storing data in a schema-less format,
NoSQL databases provide flexibility and suitability for
several different kinds of software. Sharding ensures
high performance under heavy loads and allows flawless
horizontal scaling. By means of indexing and optimized
data storage, easy to install and manage NoSQL
databases offer great performance by lowering
Input/Output operations. Furthermore, they assure
availability by means of replication systems supporting
redundancy and automatic failover. NoSQL databases
also support several storage engines, which enables
customized data management appropriate for particular
requirements [5].

Big Data has significantly transformed the healthcare
industry by advancing medical research, optimizing
treatment strategies, and enhancing patient care. Through
the wuse of sophisticated analytics, healthcare
professionals can make data driven decisions
guaranteeing that patients get the appropriate treatment
when it should be. The system could identify disease,
customized treatment, and predictive analytics let
proactive healthcare management support, all enabled by
Big Data. It also helps to maximize resource allocation,
cut costs, and prevent fraud. This along with other things
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improves operational efficiency. Given the continuous
expansion of medical information, Big Data is absolutely
essential for driving creativity, discovering new
treatments, and enhancing the general value and quality
of healthcare [6].

.

P
1
.

Mediacal Report |7
Clinical Records |~ ~. Patient Potral

Biomedical Data
Fay

Hoaith Records | =]

Figure 1. Big Data in Healthcare

By improving medical training, patient care, and
treatment results, XR technologies - such as virtual,
augmented, and mixed realities - are transforming
healthcare. In immersive and interactive learning
environments, these innovations enable medical staff to
practice complex techniques in a virtual space without
any risk [7]. Apart from education, XR allows the use of
the technology in surgical planning, patient recovery, and
patient education and lets the professionals see
procedures in 3D and simulate scenarios for skill training

[8].

Aim & Objectives

This research aims to develop a customised non-
relational database tailored for medical applications,
integrating big data methodologies and XR technology.
Rapidly growing quantity of healthcare data challenges
traditional relational databases to offer the essential
scalability and versatility. The study seeks to explore
nonrelational database architectures that can effectively
handle many types of medical information from many
sources—including organized, semi-structured, and
unstructured data from sources including medical
pictures and health records—efficiently.

One main aim of the research is to meet the basic needs
of databases in healthcare data management—data
integrity, security, interconnectivity, and real-time
processing - so providing. The suggested approach will
help to smoothly store, retrieve, and examine
information, all the while guaranteeing legal and quality
control in healthcare. This study will also concentrate on
creating a scalable and efficient back-end infrastructure
that can support high performance inquiries and manage
big datasets. We shall investigate the application of
distributed computing to increase system availability and
reliability.

The project will integrate XR technologies into the
frontend interface to better user engagement and data
representation. This will give healthcare workers an
immersive, natural experience that lets them engage with
medical information in creative ways. Surgical planning,

21-231512025
Abrva | EMada

20 MaveMrvio Suvedplo
duokwy Emotnuwy otny Yyeia:
Kawotopieg kat Mpoorttikeg

patient education, and diagnostic processes could all
benefit from the combination of virtual reality (VR) and
augmented reality (AR) Ultimately, the system will be
validated by means of usability studies and real world
usage scenarios to gauge its efficiency and suitability in
a healthcare environment. The design will be polished
and system performance maximized based on feedback
from IT experts and medical professionals. By offering a
strong, flexible, and interactive data management
answer, the results of this study seek to help advance
healthcare informatics.

The proposed system aims to integrate with existing
EHRs and telemedicine platforms, enhancing data
interoperability and supporting research and training
routines.

Database Requirements Analysis

This section discusses the key requirements for designing
a medical database that effectively meets the needs of
managing medical information. The analysis focuses on
important elements such as data volume, velocity,
variety, and privacy. Healthcare data presents unique
challenges due to its volume, velocity, and variety. The
immense volume of data generated by healthcare
systems—ranging from electronic health records (EHRSs)
to medical imaging—requires a database system capable
of storing and processing massive datasets [9].
Additionally, the velocity of healthcare data is rapidly
increasing, especially with real-time data from patient
monitoring devices. A robust system must accommodate
real-time ingestion and processing while also handling
the variety of data types, including structured (e.g.,
patient demographics), semi-structured (e.g., clinical
notes), and unstructured data (e.g., medical images). A
non-relational database architecture is particularly well-
suited for managing these diverse data formats and
supporting advanced analytics [9]. XR (Extended
Reality) technologies, which include virtual, augmented
and mixed reality, provide new possibilities for
visualising and analysing complex health data. For
instance, mixed reality can be used to present medical
images or patient data during surgical procedures,
enhancing decision-making by making critical
information more accessible and understandable to
healthcare professionals [10].

The protection of sensitive healthcare information is
paramount in data management. Databases must
implement strong security measures such as data
encryption, user authentication, and role-based access
control (RBAC) to protect against unauthorized access
and data breaches. Moreover, healthcare databases must
adhere to strict regulatory requirements like HIPAA
(Health Insurance Portability and Accountability Act) in
the U.S. and GDPR (General Data Protection Regulation)
in the EU. These regulations ensure that patient data is
securely stored and shared, with provisions for
encryption, data access controls, and patient consent
management [11].
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Database Development

Back-End Development

MongoDB, a document-based NoSQL database, is
utilized for its flexibility in handling diverse healthcare
data types, scalability, and efficient query performance.
It stores data in JSON-like BSON documents, enabling
seamless integration of structured (e.g., patient
demographics), semi-structured (e.g., clinical notes), and
unstructured (e.g., medical images) data. MongoDB’s
schema-less design accommodates dynamic data models,
making it ideal for healthcare settings where data formats
evolve frequently [12]. As a CP data store per the CAP
theorem, MongoDB prioritizes consistency and partition
tolerance, ensuring reliable data management in
distributed systems [13].
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To ensure the security of user registration the doctors and
admins collection was modified by adding a status field
(pending/approved/rejected) to keep track of registration
requests. The new users will fill out the registration form
with the status field set as "pending." An email is sent to
the administrator to request approval. For organizing data
in applications within the healthcare sector, the system
architecture depends solely on MongoDB as the main
non-relational database (NoSQL). The design has three
principal levels:

e Layers of Client: XR programs on VR/AR devices,
tablets, and smartphones.

e API Layer: Interfaces that let applications interact
with MongoDB using APIs.

e Distribution Layer: MongoDB serves as the
principal database for all data storage and
administration by central administrator.

Security

Security is a critical aspect when managing healthcare
data. MongoDB, as part of its security features, provides
end-to-end encryption, role-based access control
(RBAC), and the ability to authenticate users through
LDAP and Kerberos integration. Field-level encryption
is the conduit for protecting sensitive data (e.g., patient
records, user passwords). Audit logging, tracking all
database activities such as wuser registration and
approvals, ensures that HIPAA and GDPR requirements
are met. Self-registration for the administrator role has
been removed to mitigate security concerns around user
registration. New users register as physicians requesting
the collection. They are marked as “pending.” An email
is then forwarded to the central administrator along with
a secure, time-limited link to approve or deny the request.
This follows a natural course of events, as only central
administrators are allowed to approve account creation
through a secure backend mechanism, thus guaranteeing
their access control. MongoDB serves as a central
database to store all XR application data, as described in
the following table:
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Table 1: Data Type and MongoDB Collection with
Descriptions.

MongoDB

Collection Description

Data Type

e Personal
information.

patients e Patient history.
e 2D/3D medical

images.
Doctor's login
credentials,
including first
name, last name,
username, password
and email.
Admins' login
credentials,
including first
name, last name,
username, password
and email.

Patient Data

Doctors Login

... tor:
Activities doctors

Administrators

. L dmi
Login Activities admimns

As shown, two distinct roles exist: admin and doctor.
Patient data is presented below in encrypted form to
ensure information security. This encryption maintains
data integrity and confidentiality, effectively preventing
unauthorized access.

Figure 2. Encryption of the patient data.
Front-end

With MongoDB and front-end you provide an integrated
healthcare application. Running on VR/AR devices (e.g.
HoloLens), tablets and smartphones, the interface
provides interactive visualizations of medical data, such
as 3D anatomical models. It communicates with
MongoDB via APIs, supporting real-time data access and
visualization for surgical planning and medical education
[7]-[8]. The XR interface enhances engagement by
enabling intuitive data interaction. In the next section,
practical applications are explored.

Use Cases

The application supports a user login window (4.a).
Clicking the "Create User" button (4.b) sends users to the
role selection window where they can register themselves
as doctors or administrators. The main window has been
accessed by the users after logging in (4.c), where there
are four main buttons: the first is to show a list of patients
assigned to the researchers, the second is for the addition
of a new patient (4.d), the third is for the management of
patient records with the help of 2D and 3D imaging (4.¢)
and the fourth gives the possibility to delete a patient.
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Figure 4.a. User login window, 4.b. User creation
window and the option for administrator or doctor, 4.c.
Main screen with four buttons. 4.d. Patient addition
window, which includes ID, first name, last name, age,
gender, condition according to ICD-10 and a note added
by the doctor. 4.¢. 2D image display window with the
description and the date/time of the image capture.

Discussion

In contrast to the conventional relational databases, our
MongoDB-driven setup empowers the real-time XR
applications with minimal escort to make the surgery
planning and medical training highly engaging and
require less resource intensity. The MongoDB based
medical database that we built can support several XR
based use cases. In surgery, enhanced precision in
planning can be achieved through the use of three-
dimensional models of patient anatomy provided in
clinical settings. [14]. Medical training is improved by
XR-based simulations, which let learners perform
operations in a virtual setting. With real-time progress
tracking, rehabilitation programs use XR to help patients
follow therapy exercises. Improved too is telemedicine
since doctors may remotely review 3D patient
information, therefore raising diagnostic accuracy.
Interactive XR graphics also improve patient knowledge.
Research shows, XR is applied for sophisticated medical
imaging that enables in depth analysis of 3D organ
reconstructions. Pharmaceutical research uses XR
technology to depict molecular structures, helping with
drug development [15]. As XR technologies continue to
evolve, MongoDB's flexibility and scalability are
expected to enhance data management efficiency.
Upcoming research will concentrate on benchmarking
performance, integrating with EHR systems, and
broadening XR applications for telemedicine.
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Abstract

Depression is a psychiatric disorder with an
increasing prevalence in the modern world. Its
diagnosis primarily relies on clinical assessment
based on globally accepted criteria, including the
International Classification of Diseases (ICD-11) and
the Diagnostic and Statistical Manual of Mental
Disorders (DSM-V). Numerous studies have
investigated Electroencephalography (EEG)
alterations in depression, identifying differences in
the prevalence of specific frequency bands in affected
individuals. Recently, there has been a growing
research focus on utilizing Machine Learning models
in conjunction with EEG data for depression
diagnosis. In this study, we present a comparative
analysis of different ML models for depression
detection using EEG data. Three models were
implemented: Random Forest (RF), Support Vector
Machine (SVM), and a Stacking Classifier, utilizing
Phase Locking Value (PLV) across five different
frequency bands. All models achieved accuracy
exceeding 90%, with the Stacking Classifier yielding
the best performance, achieving 96% sensitivity and
98% specificity. These findings highlight the efficacy
of the Stacking Classifier and suggest its potential
application in the diagnosis of other psychiatric
disorders.

Keywords
Depression Detection, Machine Learning, Phase Locking
Value, Electroencephalography.

Introduction

The Nature of Mental Illness

Mental illnesses, due to the distinct nature of their
symptoms, raise numerous questions regarding their
etiology. Over time, this has led to various social,
psychological, and  biological approaches to
understanding their origins [1]. The manifestation of
mental disorders is not limited to isolated clinical
symptoms or signs but rather involves interconnected
experiences, emotions, expressions, beliefs, and
behaviors  that exhibit both etiological and
phenomenological coherence [2].

Machine Learning in Psychiatry

Machine Learning (ML) has already demonstrated
significant results, particularly in the field of differential
diagnosis and structured support for clinical decision-
making. It has been effectively used to predict the
transition of patients with prodromal psychotic
symptoms to full-blown psychosis. Regarding mood
disorders, ML algorithms have contributed to improving
diagnostic accuracy and distinguishing between unipolar
and bipolar disorders. Similar approaches have been
applied to other conditions, such as autism spectrum
disorders and substance use disorders, enhancing the
understanding of their neuroanatomical and genetic
characteristics. Despite its promising applications, ML
faces several challenges, among which reliance on large
datasets that can limit its adaptability when applied to
new patient groups [3].

Major Depression Disorder (MDD)

Depression is one of the most common mental disorders
and is associated with significant negative effects on an
individual’s social and professional life. Statistical
studies indicate that more than 300 million people
worldwide suffer from depression, which has been
classified by the World Health Organization (WHO) as a
leading contributor to global disability [4]. The main
symptoms of depression include mood disturbances, loss
of interest in daily activities, and sleep disorders, while
severe cases are often accompanied by suicidal ideation
[5]. The fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) outlines nine
distinct diagnostic criteria for depression. Diagnosis
requires at least five of these criteria, with at least one
relating to mood disturbances or loss of interest.
According to International Classification of Diseases
(ICD-10), additional descriptions of somatic syndromes
may supplement the primary and secondary symptoms of
depression, further refining the clinical picture. Under
ICD-11 criteria, it is also possible to describe an
additional somatic syndrome, referred to as the
accompanying condition of Melancholia [6].

EEG Findings in Depression

There is a wealth of research linking depression to
changes in EEG findings. Some studies indicate an
increased presence of y rhythm in patients with
depression compared to healthy individuals [7]. Other
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studies have reported an increased o rhythm in the left
hemisphere and a decreased  rthythm in the central-left
channels of depressed patients [8]. Finally, the study by
Mohammadi et al. [9] suggests that a and & rhythms are
the most effective features for distinguishing depressed
patients, regardless of their anatomical localization.

Methods

A) Multi-Modal Open Dataset for Mental Disorder
Analysis (MODMA Dataset)

Access to the MODMA Dataset is granted upon request.
This dataset comprises continuous EEG recordings
obtained using a 129-channel HydroCel Geodesic Sensor
Net and processed with Net Station software version
4.5.4. The EEG signals were sampled at 250 Hz, with all
raw electrode signals referenced to Cz. The dataset
includes 53 participants, consisting of 24 outpatients
diagnosed with depression (13 males, 11 females; aged
16-56) and 29 healthy controls (20 males, 9 females;
aged 18-55) [10]. Participants were recruited in Gansu,
China.

B) EEG Preprocessing

EEG data was preprocessed by renaming channels to
match the GSN-HydroCel-129 montage, re-referencing
to the average, and applying notch (50 Hz) and bandpass
filtering (0.5—40 Hz).

High-frequency artifacts were detected, and bad channels
were interpolated. Independent Component Analysis
(ICA) was then applied to remove electrooculographic
(EOG) artifacts, using EOG channels for automatic
detection.

C) Phase Locking Value (PLV)

The Phase Locking Value (PLV) is a widely used
measure of synchronization between two signals,
particularly in EEG analysis [11]. It is computed by first
applying the Hilbert transform, enabling phase
comparison between signals. PLV ranges from 0 (no
synchronization) to 1 (full phase locking).

Hilbert Transform

Vi(=vi(®) + iu(®) [11]
V;(t)= Complex representation of the EEG signal
vij(t)= Real part, which is the original recorded
waveform

i uj(t)=Imaginary part, which represents the analytical
signal

Phase Difference Extraction

oj(t)= arg (Vj(1) [11]
arg (Vj(t)) =extracts the instantaneous phase of Vj(t)
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PLV Extraction Using Euler’s Formula

PLV = |S 5N, e/2n [12]

Apn=¢1(1)- p2(t)

N= the number of EEG epochs (time segments)

MODMA

DATASET

Resting-state EEG

Duration: 5min

Montage: 129-channel HydroCel
Sampling: 250 Hz, Cz-referenced

| Artifact Detection (>50Hz)
. Indepentent Component Analysis
. Identifies & removes ocular artifacts

Preprocessing

Hilbert Transform

Phase Locking
Value (PLV)

Alpha, Beta, Gamma, Theta and Delta
Frequencies

| Stacking Classifier

Figure 1: Methods

D) Machine Learning Algorithms

Random Forest is a supervised ML algorithm that
constructs multiple decision trees, each trained on
different subsets of phase locking value data. To optimize
the model, a Grid Search with five-fold cross-validation
fine-tunes key hyperparameters. The number of trees
determines model stability and predictive power, while
maximum tree depth controls complexity and prevents
overfitting. Minimum samples per split and per leaf
regulate decision granularity, influencing the structure of
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the trees. Feature selection at each split follows methods
like square root or logarithm of the total feature count.
By systematically evaluating different configurations,
cross-validation ensures that the best-performing model

is selected, maximizing accuracy and reliability [13].

Support Vector Machines (SVM) are supervised learning
techniques designed to establish an optimal decision
boundary that effectively separates different categories of
data. When the dataset is linearly separable, SVM
identify a hyperplane that maintains equal distance from
the nearest points of each class. For non-linearly
separatable data, the kernel trick enables SVM to project
the data into a higher-dimensional space where a linear
boundary becomes feasible. Through careful tuning of
hyperparameters, SVM balance classification accuracy
with generalization, making them a versatile and
powerful tool in pattern recognition and machine
learning applications [13].

The Stacking Classifier is an ensemble learning
technique that combines the predictions of base
classifiers to improve accuracy. In this case, we used
SVM and Random Forest as base models, while the
stacking classifier employed a meta-classifier using
logistic regression, utilizing the sigmoid curve for the
classification of the two categories: healthy individuals
and patients with depression [14].

Results and Evaluation
For the evaluation of the three models, we used the
following parameters.

Precision: The proportion of correctly predicted positive
cases out of all predicted positives.

Recall (Senmsitivity): The proportion of correctly
predicted positive cases out of all actual positives.

Specificity: The proportion of correctly predicted
negative cases out of all actual negatives.

Fl-score: The harmonic mean of Precision and Recall,
providing a balanced evaluation of model performance.

The accuracy of all three ML models was above 90%,
with the highest value observed in the stacking classifier
model. In the Random Forest model, there is a significant
gap between sensitivity (0.84) and specificity (0.97),
indicating that the model is better at ruling out depression
as a diagnosis rather than confirming it (Figure 2). The
SVM model has more balanced sensitivity and specificity
values (0.92 and 0.95), with a higher accuracy of 93.8%.
Additionally, the Fl-score of 0.93 suggests a good
balance between recall and precision. The Stacking
Classifier  achieves an accuracy of 96.98%,

21-231512025
Abrva | EMada

20 MaveMnvio Zuvedplo
duokwy Emotnuwy otny Yyeia:
Kawotopieg kat Mpoorttikeg

Evaluation Metrics Heatmap

098
9
v
£ 096
: .
[s)
T
c
& 0.94
092
n
[T
g
2 090
]
g - 088
wn
wn
o
V]
- -0.86
c
o
u
B
o - 084

Precision  Recall (Sensitivity) ~ Specificity Fl-score
Metrics

Figure 2: Evaluation Metrics Heatmap

demonstrating a strong balance across all evaluation
metrics, with 96% sensitivity and 98% specificity. The
Fl-score is 0.97, which indicates a very good balance of
precision and recall for this model. The Stacking
Classifier  achieves significantly better patient
recognition compared to other models, while also
maintaining a very high specificity. The confusion matrix
accurately reflects the performance of the Stacking
Classifier on the entire test set (Figure 3).

Stacking Classifier
Sensitivity: 0.96 | Specificity: 0.98
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Figure 3: Confusion Matrix-Stacking Classifier
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To confirm that the three models operate differently and
to ensure that their differences are not due to randomness,
we apply the McNemar's Test (Figure 4) using the
confusion matrices of the models. The p-values from the
comparisons between models are zero, indicating
significant differences. Values below 0.05 suggest that
the models function independently and are distinct. The
ones on the diagonal of the matrix represent the self-
comparison of each model, indicating perfect agreement
with itself.

McNemar's Test p-values

1.0

0.8

Random Forest

0.6

SVM

-04

-0.2

Stacking Classifier

-0.0

i i
Random Forest SVM Stacking Classifier

Figure 4: McNemar's Test p-values

Conclusions

The comparative study of machine learning models
highlights their promise in assisting the diagnosis of
depression. Stacking classifiers demonstrated more
balanced performance, offering a comparative advantage
over Random Forest (RF) and Support Vector Machine
(SVM) approaches. Importantly, this study suggests that
ML can help disentangle clinical symptoms with
different etiologies, for instance, by distinguishing
depressive symptoms related to organic conditions. ML
models may also contribute to evaluating
neurophysiological responses to psychotherapy and
pharmacological interventions. Although the sample size
is modest (n=53), the high-resolution EEG recordings—
captured from 128 electrodes across five frequency
bands—provide a rich data structure that supports the
robustness and interpretability of the results.
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Abstract

The paper introduces an innovative digital platform that
uses gamification and motion detection technologies to
enhance the evaluation of physical status in older adults
or people belonging to vulnerable groups. The platform
developed with the Unity engine uses advanced depth
sensors to accurately capture motions, including joint
angles, posture, and balance. It involves five assessment
tools (Chair stand, Arm Curl, Balance on one leg, Foot
Up and Go and Two Minutes step) and provides unbiased
information and instant feedback. The gamification of the
exercises is considered to encourage motivation and
participation of older adults, while the user-friendly
interface facilitates use. The collected data provides
valuable information for assessing physical status and
functional capacity. The platform benefits both users,
offering accurate assessments and incentives through
virtual rewards, and healthcare professionals, providing
objective data for personalized interventions. In future
steps, integrating artificial intelligence and cloud-based
remote monitoring is expected to contribute further
enhance personalization and accessibility, enhancing
user's autonomy and assessments efficacy.

Introduction

The global aging population faces significant challenges
to healthcare and rehabilitation systems worldwide [1],
due to increased life expectancy [2]. Healthcare systems
face a range of issues, including the prevalence of chronic
diseases and the need for integrated approaches to
address the physical, social, psychological, and
wellbeing aspects of aging. [3]. For older adults,
maintaining strength, balance, and mobility is essential to
keep their independence and quality of life. Conventional
assessment approaches, such as manual observation and
paper-based tests, often have several drawbacks,
including limited accessibility, low engagement, and
insufficient  real-time feedback, limiting their
effectiveness and reducing participation of older adults
[4].

In order to address these challenges, assistive
technologies (AT) are developed to improve an
individual's abilities and overall wellbeing by assisting
with daily activities to overcome any functional
limitations [5]. Exergames are interactive games that
require participants to be physically active to play,
combine exercise with interactive gaming elements,

promote motivation and provide objective motion
analysis [6]. This paper introduces a digital platform
designed to enhance physical evaluation using advanced
motion tracking and real-time analysis. By transforming
rehabilitation into an engaging, game-like experience, the
system improves accessibility, ensures precise
biomechanical evaluation, and fosters sustained
participation among older adults. This paper outlines the
methods used in its development, the expected outcomes,
and the benefits of gamification in rehabilitation and
assessment.

Methodology

This exergame platform was created using the Unity
platform and a depth sensor. Unity was selected for its
adjustability, its rapid development prospects and its
simple interface with sensor-based systems. The depth
sensor was selected for its accurate identification of body
joints and motions in real time. This technology allows
accurate skeletal tracking by detecting joint positions,
hence enabling detailed motion analysis and intuitive
exercise programming. By leveraging these tools,
developers can easily access biomechanical parameters
such as joint angles, range of motion, and spatial
orientation. The system goes beyond basic motion
capture, offering rich, multidimensional data that reveals
critical information often missed in conventional
assessments. As a result, it provides a more
comprehensive understanding of the user's overall well-
being and functional ability.

Each exercise is designed to gather data with accuracy
and provide prompt feedback to the user, therefore
improving accuracy and efficacy throughout evaluation
sessions. The platform contains five different gamified
workout assessments for older adults. These activities
include chair-stand assessments [7], single-leg balance
evaluations [8] (Figure 1), arm curls exercise [9], foot up
and go [10] and two-minute step [11] exercise analysis,
all crucial for assessing movement, strength, and stability
[12]. The chair-stand assessment, determines lower body
strength by counting how many times a person can stand
up from a sitting position within the designated time
frame of 30 seconds. The single-leg balance evaluation,
measures balance by recording how long a person can
maintain a standing posture on one leg. Two minute step
test, used to assess an individual's aerobic capacity and
evaluate their level of functional fitness. The arm curl
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exercise measures the repetitions of the arm raised and
lowered in 30 seconds, and the foot up and go test
assesses strength, speed, agility and dynamic balance, as
the user have to get up from a chair, walk to and around
a cone, and return to the chair in the shortest time
possible. The exercises were programmed based on the
identification of joints through the depth sensor and the
use of colliders, allowing interactions that rely on
collision detection, distance and movement analysis.

FSEAENENY Il

Figure 1: This image shows the way in which static balance is
assessed in the Thessaloniki Action for Health & Wellbeing
Living Lab - Thess-AHALL [13]. In the first image, the user is
positioned and ready to begin the assessment. Once the operator
presses 'Start,' the user has to raise their leg to a 90-degree
angle. After the leg is lowered, the program displays the total
duration of the assessment.

To ensure accessibility and ease of use, the interface is
designed with large, clear icons, audio prompts, and
simple navigation. Older adults get immediate visual and
auditory feedback regarding their performance, along
with corrective guidance if necessary. Features such as
score tracking, virtual rewards, and progress monitoring
have been added to motivate consistent engagement in
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assessment exercises. Interactive animations (Figure 2)
serve as visual guides to help users complete each
exercise properly, minimizing confusion and creating a
smooth experience [14].

Figure 2: This image shows how static balance is assessed at
the Thessaloniki Action for Health & Wellbeing Living Lab -
Thess-AHALL [13] using an interface designed for
accessibility and ease of use and interactive animations that
provide feedback.. The operator is running the program and the
user with the guidance on the screen raises their leg to perform
the exercise correctly.

A preliminary test was conducted with four healthy
individuals (2 female and 2 male) ranging in age from 18
to 54 years. This initial assessment aimed to examine
how well the system captures and interprets key
movement patterns. The participants were asked to
complete the single-foot balance exercise, wearing sports
clothing to mitigate noise introduction from motion
artifacts attributed to cloth movement. The accuracy of
the evaluation verifies the precision of joint tracking, of
movement detection and real-time feedback.

All collected movement data is recorded for analysis,
including tracking assessment progress from the previous
assessment and identifying patterns and imperfections
during the exercise. The data, such as joint angles and
heights, are collected in an external csv file once the
exercise is completed. Additionally, a commercial
anglemeter and a measuring tape were employed to
acquire baseline values of joint angles and heights
respectively for further system evaluation.

Preliminary Results

Participants were asked to complete the single-foot
balance exercise and the results were compared with the
baseline values (Table 1). Preliminary results indicate a
positive system response to the exercise, but further
validation experiments are needed to validate the
system’s reliability.
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Table 1. Results from single-foot balance exercise performed
by four participants. Joint Angle and Joint Height present
values obtained by the system from the left foot. Baseline
Angle contains anglemeter values measured on the left foot
and Baseline Height contains height measurements using a
measuring tape.

Participan | Joint | Joint | Baselin | Baselin
t Angl | Heigh | e Angle e
e t Height
1 83° 68cm 87° 63cm
2 85° 70cm 98° 76cm
3 82° 59cm 93° 72cm
4 76° 52cm 89 68cm

Below are described the expected results from the
perspective of each stakeholder.

Users’ Viewpoint

The user performing the workout benefits from an
engaging and intuitive exercise experience. Gamified
features like virtual rewards, progress tracking, and real-
time feedback encourage the user to stay motivated and
engaged in their evaluation process [15]. The platform
ensures that workouts are performed correctly by
providing visual and audio instructions, hence reducing
uncertainty and boosting confidence in the execution of
movements. With this platform, users stay informed of
their previous performance and can evaluate their
progress over time, allowing them to remain aware of
their physical improvements and areas requiring greater
concentration.

Operators’ Viewpoint

For platform operators, such as physiotherapists,
caregivers, or fitness instructors, the assessment process
is simplified by automating data collection and
performance evaluation [16]. Instead of manual
observations and subjective evaluation, the system
delivers accurate, real-time biomechanical insight. This
provides operators with precise additional data-driven
insights, allowing them to tailor interventions more
effectively and enhance overall movement efficiency.
The data collected by the exergame platform captures
detailed movement patterns, joint angles, and
performance metrics in real-time, offering a level of
precision and specificity lacking in manual assessments.
This allows for a deeper understanding of movement
efficiency, highlighting subtle biomechanical variations
that might otherwise go unnoticed.

Doctors’ Viewpoint

From a doctor’s perspective, recorded movement data
provides an in-depth view of the patient’s physical status
and progress over time [17]. The ability to analyze unique
biomarkers, such as joint stability, balance, and
movement coordination, enables a more objective
assessment of mobility. By analyzing exercise the data,
doctors can detect early signs of motor decline, identify
rehabilitation needs, and adjust treatment plans
accordingly. This data-driven approach improves the
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accuracy of doctors' decisions and allows more effective,
tailored interventions to support healthy aging and
recovery.

Discussion

Expanding the range of workouts and refining motion
analysis is expected to make the evaluation system more
adaptable to individual needs. The platform leverages
real-time motion tracking and data-driven insights,
enhances engagement, simplifies assessment procedures,
and provides valuable metrics for clinical evaluation by
combining depth-sensing technology, interactive
gaming, and data analysis. It appears to improve user
engagement, and offers a variety of exercises, leading to
better mobility, reduced fall risk, and improved health
outcomes [18]. These features support older adults and
vulnerable individuals in maintaining independence and
fostering healthier aging.

Future improvements should include artificial
intelligence (Al) to personalize interventions and detect
fall risks, preventing injuries [19]. Machine learning
could enhance long-term tracking and continuously adapt
training plans based on user progress [20]. Additionally,
cloud-based data storage would enable remote
monitoring and telehealth solutions, particularly
benefiting those with mobility limitations or in remote
areas. Developing a standalone home-use version would
allow users to complete assessments and exercises
independently, reducing the need for in-person
supervision.

Healthcare professionals are expected to benefit from
computerised assessments that provide objective
movement data, supporting clinical decisions and
refining rehabilitation plans [21]. Early detection of
movement issues allows for preventive actions, helping
to reduce risks such as muscle loss, joint stiffness, and
balance problems that may lead to falls. By eliminating
subjective biases, the system is estimated to enhance the
accuracy of movement evaluations, contributing to better
patient outcomes and more efficient rehabilitation
strategies.

Conclusion

The exergaming platform was designed by integrating
depth sensing technology with gamified exercises to
support physical assessment and rehabilitation in elderly
and vulnerable populations. Preliminary tests have
produced positive initial results, while ongoing data
collection is planed to validate the platforms accuracy in
real-time with precision in physical assessments. New
physical assessment tools might enhance the accuracy of
measurements and offer a more detailed view of users'
functional capacity and overall wellness.
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Abstract

This paper presents the iterative development,
testing, validation, and benchmarking of custom
biosignal acquisition systems designed for
neurophysiological monitoring, including functional
near infrared spectroscopy (fNIRS),
electroencephalography (EEG), and surface
electromyography (SEMG). The fNIRS subsystem
employs dual-wavelength light-emitting diodes
(LEDs) and a dedicated Python simulation
framework to model light absorption and optimize
sensor placement, while the vascular occlusion test is
explained in detail to assess its capability to show
tissue oxygenation dynamics. In parallel, the custom
EEG board leverages a high speed Teensy 4.1
microcontroller in conjunction with ADS1299 analog
to digital converters, and integrates an (organic light-
emitting diode) OLED FeatherWing display via a
Feather adapter to create an intuitive user interface,
as well as an ESP32 Feather module for wireless data
streaming. Additionally, a custom sEMG board based
on an STM32H7 microcontroller is developed to
facilitate real-time movement classification and
support neurorehabilitation applications.
Benchmarking of the custom devices against
commercial alternatives, including the OpenBCI
Cyton, MiniSim EEG signal simulator, and MyoWare
sensor, demonstrates their reliability, accuracy, and
overall potential for practical applications in brain—
computer interface research and neurorehabilitation.

Introduction

In recent years, the need for accessible and affordable
biomedical devices has grown significantly, both for
public health applications and research purposes. Cost-
effective, modular systems enable a broader range of
users to monitor and understand complex physiological
signals while driving innovation in neuroscience and
rehabilitation [4], [5], [6]. This paper presents an
integrated approach to the iterative development, testing,
validation, and benchmarking of custom functional near
infrared spectroscopy (fNIRS), electroencephalography
(EEQG), and surface electromyography (SEMG) sensors,
demonstrating that high-performance biomedical
instrumentation can be achieved without compromising
affordability. The development of those sensors will lead
to their incorporation into the framework of the

NeuroSuitUp platform and NeuroSuitUp/HEROES
projects [1],[2].

Functional Near Infrared Spectroscopy (fNIRS)

In the logic of prototyping iteratively, and allowing for
the parallel development and testing of different
photodiodes for the fNIRS biomedical sensor [3], the
decision to split the light-emitting diode (LED) grid
emitting the light at the wavelength of 730nm and 850nm
into the brain for the detection of oxygenated and
deoxygenated hemoglobin accordingly, from the
photodiode module meant to act as a detector of the light
as it passes human tissue was taken. In LEDs, radiant
intensity refers to the amount of optical power,
sometimes called radiant flux, which is emitted by the
LED per unit of solid angle in a specific direction.
Radiant intensity is a measure of how much light the
LED emits in a particular direction, making it a
directional quantity, which is particularly important
when designing optical systems, as it helps determine
how much light will be available at a given distance and
angle from the emitter LED. Most fNIRS systems take
advantage of the dual wavelength LEDs by Marubeni,
which have the ability to produce either 750nm or 850nm
light according to which cathode of the LED is given
power. The Marubeni LEDs can have a current of up to
500mA at 750nm and up to 1A at 850nm, and radiant
intensity up to 230 mW/sr and 360 mW/sr for the 750nm
and 850nm wavelengths. In an attempt to make an
informed decision on the radiant intensity of the LEDs on
this development iteration for the fNIRS sensor, a python
script was written meant to simulate the absorption of
emitted light by the brain using the corresponding
absorption coefficients from the bibliography. This
python script is used to validate the minimum radiant
intensity needed for absorption of emitted light from the
biological tissues comprising the human head at different
wavelengths and reject LEDs which are not capable of
emitting light with the necessary radiant intensity to be
absorbed by the brain before scattering. In order to be
able to choose accessible and affordable electronic
components, two different LEDs were selected in order
to create a channel of fNIRS information, meaning an
emission of light at 730nm and 850nm, leading to a
voxel of fNIRS information. In order to give an accurate
measure of loss to the available spatial resolution with
the usage of these LEDs, the Marubeni LEDs are 2.7mm
in width and 3.5mm in height, while the custom fNIRS
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channel are about 3mm width and height each, so in this
way the possible spatial resolution is half compared to
using the Marubeni LEDs, however their affordability
and accessibility in procuring them makes these LEDs an
appropriate choice for research purposes.

-
L

Table 1: Absorption coefficients at different

wavelengths
Wavelength Scalp Skull Brain
(nm) (1/mm) (1/mm) (1/mm)
730 0.017 0.033 0.025
850 0.018 0.040 0.025

The Python code calculates the light penetration depth in
human tissue for two LEDs with different wavelengths of
730 nm and 850 nm. It simulates how light from these
LEDs penetrates through layers of the human head taking
into account the absorption coefficients of the scalp,
skull, and brain based on their absorption coefficients and
the Beer-Lambert Law, which describes how light is
absorbed as it passes through a medium. Here, it should
be noted that with the absorption coefficients for the
scalp, skull and brain defined from the according
bibliography, along with the wavelength of emission of
the LEDs and their radiant intensity, a python script
meant to simulate the maximum depth of absorption of
light by the human head was created. The code then
iterates over the two LEDs and calculates the penetration
depths for each LED, computing the total penetration
depth and brain penetration depth and printing the results
for each LED. The code assumes the initial power of the
light is equal to the radiant intensity of the LED, then the
calculation of the depth at which only 1% of the light
remains after passing through the scalp is performed
using the formula:

) scalp depth =
scalp_absorption

This is derived from the Beer-Lambert law, which states
that light intensity decreases exponentially with depth.
Similarly, the code calculates the depth at which only 1%
of the light remains after passing through the skull:

) skull depth = -—In(0.01) /
skull absorption

After calculating the depths for the scalp and skull, it
computes the remaining power of the light after passing
through these layers using the exponential decay
formula:

—In(0.01) /

3) power after scalp = initial power
X e"(—scalp_absorption X scalp depth)
) power after skull = power after

scalp X e”(-skull absorption X skull
depth)

Finally, it calculates the depth into the brain where only
1% of the remaining light, after passing through the scalp
and skull is left:

(5) brain depth = —In(0.01/power after
skull) / brain absorption
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The total penetration depth is the sum of the depths
through the scalp, skull, and brain is calculated then.

6) total depth = scalp depth + skull depth + brain
depth

Table 2: Results for each wavelength and LED

LED Wavelength | Radiant | Total Depth
(nm) Intensity | Penetration | into
(mW/sr) | Depth(mm) | Brain
(mm)
CreeLED | 730 135 422 12
FR
SFH4350 | 850 200 398 27
LED

For comparison, the same code when executed for the
Marubeni LEDs, provides the depth into the brain of
33.32 mm at the 730nm wavelength and 51.24 mm at the
850nm wavelength. In order to drive the LEDs, a
constant current driver was needed so the The
TPS92630-Q1 Three-Channel Linear LED Driver from
Texas Instruments was chosen to prototype a low cost
board with a few channels for validation and functional
testing. This LED driver was selected due to its
availability, affordability, and ability to support a round-
robin sequencing scheme, which is crucial for
minimizing crosstalk between the LEDs. Crosstalk can
occur when multiple LEDs emit light simultaneously,
causing interference in the detected signals. To mitigate
this, the LEDs are driven in a sequential manner,
ensuring that only one LED is active at a given time while
the others remain off. This controlled timing approach
enhances the accuracy of the recorded signals by
preventing overlapping light sources from contaminating
the readings. The TPS92630-Q1’s capability to regulate
current across multiple channels further ensures stable
and consistent illumination, making it well-suited for
fNIRS applications requiring precise light modulation.

fNIRS Sensor Testing

The fNIRS testing procedure, commonly referred to as
the Vascular Occlusion Test (VOT), is a robust method
for assessing tissue oxygenation and vascular function.
In this procedure, an fNIRS sensor is placed on a target
muscle to continuously measure tissue oxygen saturation
(StO2). The test is divided into three distinct phases.
Initially, the sensor records stable StO2 levels over a
three-minute period, establishing a reference point for
subsequent measurements. A sphygmomanometer cuff is
applied proximally to the sensor and inflated rapidly to
approximately 50 mmHg above the subject’s systolic
blood pressure. This inflation occludes both arterial
inflow and venous outflow, inducing a state of ischemia.
During this three-minute occlusion, the fNIRS device
captures the gradual decrease in StO2 as the tissue
consumes its available oxygen, resulting in a desaturation
curve. After the occlusion period, the cuff is quickly
deflated, allowing blood to flow back into the tissue. The
sensor then records the hyperemic response, the rapid
increase in StO2 as the tissue reoxygenates. This phase
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continues until the oxygen saturation returns to near
baseline levels. The data collected during these phases
are used to extract key parameters such as baseline StO2,
the desaturation slope or the rate of oxygen decline,
minimum StO2 achieved during occlusion, the
reperfusion slope or rate of oxygen recovery, and the rise
time or time taken to reach maximum StO2 post-
deflation. Together, these metrics provide a detailed
picture of the microvascular function and the dynamic
changes in tissue oxygenation during vascular stress and
recovery.

.

P
1
.

fNIRS Photoemitters and Photodetectors Locations

The fNIRS device is designed for motor imagery
recordings, specifically targeting brain activity related to
left and right-hand movements. To ensure optimal sensor
placement, the fNIRS Optodes' Location Decider (fOLD)
toolbox in MATLAB was utilized [8], providing
guidance on the brain regions that need to be covered
based on a prior motor imagery experiment. The key
anatomical regions selected for the experiment, with a
specificity threshold of 30%, include the left and right
Precentral and Postcentral areas, as well as the Frontal
Sup 2 and Frontal Mid 2 regions on both hemispheres.
The toolbox generated a 1020 system-based map
indicating the optimal positions for fNIRS sources and
detectors, ensuring precise coverage of the motor cortex
for capturing cortical activation during imagined
movement tasks.

Electroencephalography (EEG)

The EEG board is based on a previous thesis [7], with this
iteration standing to improve on the design of the
electronics along with working on a more robust testing
and validation of its biomedical function procedure. In
order to upgrade the microprocessor from the previous
design and also raise the sampling frequency to an
appropriate level consistent with other EEG data
acquisition boards, the Teensy 4.1 microprocessor was
chosen, which is capable of reaching up to 500 Mhz
sampling frequency allowing for more data heavy EEG
recordings. The same design as before is being kept in
regards with the ADS1299 which are Analog to Digital
Converters specially designed and produced by Texas
Instruments for EEG instrumentation. The ADS1299
four channel integrated circuits are used for data
acquisition, interfacing directly with the Teensy 4.1,
which processes EEG signals with high precision. To
enhance usability, the Teensy 4.1 can be connected to an
organic LED (OLED) FeatherWing display and
integrated into a Feather adapter, leveraging Adafruit’s
electronics ecosystem. This setup allows for a compact
and modular design, making it easy to create an
interactive user interface for monitoring EEG data in real
time. Additionally, a secondary ESP32 Feather board is
responsible for establishing wireless communication,
enabling seamless data transmission via the lab streaming
layer (LSL) [9]. By combining these elements, the system
provides an intuitive and flexible EEG acquisition
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platform that benefits from Adafruit’s well supported
hardware ecosystem.

It should be noted that the open-source Mark III cask
from openBCI [10] is being used to support the dry
electrodes and allow for a more streamlined and
comfortable for the users’ procedure, for the EEG
recordings. Another integral part for the identification of
movement noise to be flagged during the data
acquisition, in order to be dealt with in the EEG
preprocessing is the BNOOSS5 inertial measurement unit,
which along with its capabilities in identifying
movement noise, could also be useful in the future when
it comes to developing Augmented Reality applications
which require head tracking along with sampling of

electroencephalography signals.

500 MHz 4 channel ADC Wifi LSL Stream

Figure 1. Hardware overview for EEG board supporting
wireless LSL streaming

Surface Electromyography (sSEMG) board

The sEMG board is based on a previous thesis as well
[11] and it is meant to collect data for the future
application of neurorchabilitation. At the current time
there have been previous and ongoing dissertations
which focus on the development of machine learning
classification models based on SEMG signals which are
meant to identify movement in real time as the recording
is taking place. For the hardware to be able to support
such capabilities the STM32H7 microcontroller was
chosen mostly for its architecture which consists of an
M7 Cortex processor which is capable of running
machine learning models on the edge, while the M4
cortex of the STM32H7 handles the necessary data
recording procedure. The coding of the STM32H7
microprocessor using the STM32 CubelDE while
keeping most of the electronic circuit intact and ensuring
a robust testing of the device proves to be the main
challenge of developing this particular board. However,
With the M7 and M4 two coprocessors working together
future neurorehabilitation and augmented reality
applications could be developed, which could be
especially benefited and customized to fit the capabilities
of the SEMG sensor.

STM32H7

Figure 2. sEMG Hardware Overview for Data
Acquisition and real time classification of muscle
movement.

Benchmarking

Benchmarking the custom EEG and sEMG devices
involves a rigorous evaluation of their performance

M7 Cortex Classification Model

M4 Cortex

»| Data Acquisition

I
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against commercially available alternatives to ensure
reliability, accuracy, and overall functionality. For the
EEG board, the OpenBCI Cyton will serve as a reference
device, allowing for direct comparison of signal quality,
noise levels, and sampling rates. Additionally, the
MiniSim EEG signal simulator will be used to generate
standardized EEG waveforms, enabling precise
validation of the custom device’s signal acquisition
capabilities under controlled conditions. Similarly, the
custom SEMG board will be benchmarked against the
MyoWare sensor, assessing factors such as signal fidelity
and response time. The benchmarking process will
involve robust testing procedures, including controlled
data acquisition sessions, statistical analysis of signal
integrity, and real-time performance evaluations. By
systematically comparing the recorded signals from the
custom devices with those obtained from commercial
counterparts, the study will highlight the advantages and
limitations of the proposed sensors. This approach will
ensure that the developed hardware meets the necessary
standards for practical applications, including
neurorchabilitation and  brain-computer interface
research.

Figure 3. Mark III open-source head set for EEG dry
electrodes and fNIRS optodes. The fNIRS locations for
motor function imaging are marked with orange color.
Expected Results & Discussion

Validation through standardized tests and compliance to
standardization allow for testing procedures with the
minimal amount of risk involved. These protocols and
standards provide a framework for evaluating sensor
accuracy, safety, and performance while addressing
possible hazards associated with electrical, mechanical,
and optical components. Moreover, to further reduce
biases and mitigate any emerging risks, the Aristotle
university's ethics committee rigorously reviews and
approves each testing procedure for the sensors, and
several medical professionals are consulted through the
experiment design procedure. This allows for evaluations
of participant safety, data integrity, and the use of proper
control mechanisms, fostering transparency and
accountability in every stage of sensor development and
testing. When it comes to iteratively developing
biomedical sensors and electronics in general, challenges
emerge with ensuring basic functionality being the first
step in the iterative design process. The next phases of
iterative development are focused on the appropriate
sensitivity and capability of acquiring the necessary
biomedical signals and filtering them accordingly.
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Ideally, through continuous testing and data analysis of
the acquired signals supervised by medical and academic
professionals who are familiar with the procedure, the
biomedical capabilities of the system are proved, and
then the electronics validation process through rigorous
simulations in design programs along with possible
experiments to see how the sensors react when faced with
electromagnetic interference. All these iterations are
helpful in achieving the validation of the custom
biomedical sensors in EEG, EMG and fNIRS.
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Abstract

A basic requirement to study cardiovascular diseases
(CVDs) is to analyze the spatial content of heart anatomy.
Computed Tomography (CT) counts as one of the most
relevant imaging modalities, serving as the base for 3D
heart modeling and/or digital twin formulation. In this
regard, image segmentation plays a vital role, but it can
be challenging and time-demanding due to the
complexity of the heart structures. We propose a new
segmentation approach, the so-called ‘ViTSeg’, for
automated whole heart image segmentation. ViTSeg,
with roots from the original Vision Transformer (ViT), is
first trained and then tested based on an openly available
dataset as provided by the MICCAI Multi-Modality
Whole Heart Segmentation (MM-WHS) challenge. Due
to the low number of image datasets, we further proceed
with data augmentation techniques to expand the dataset.
The segmentation performance exhibits a dice score of
92.65 £ 2.17%. By comparing with other evaluated deep-
learning based approaches (U-Net, UNETR), ViTSeg
demonstrates superior segmentation accuracy while
maintaining its computational efficiency. The ViTSeg
model shows a major potential for robust automated
whole-heart segmentation in medical image analysis.

Introduction
The heart, as the main organ of the cardiovascular
system, is responsible for circulating blood throughout
the human body. In this regard, even a brief dysfunction
of its normal state can have serious consequences.
Cardiovascular disease is currently the leading cause of
death worldwide; this highlights the need for precise
diagnosis and treatment. Efficient monitoring of its
physiological state is therefore essential, especially for
patients with cardiovascular diseases (CVDs). With its
intricate anatomy and critical role in overall health, the
heart requires advanced imaging technologies and
computational tools. This study focuses, in particular, on
the analysis and segmentation of heart anatomy, which is
crucial for treatment planning and quantitative analysis.
Imaging modalities such as Computed Tomography
(CT) offer clinicians a unique opportunity for getting
detailed insights into morphological and functional
characteristics of the human heart [8]. Cardiac image
segmentation is an essential task, serving as a first step
for acquiring quantitative measurements, building the
heart 3D model and the formulation of the heart digital
twin. In this regard, image processing and analysis and
more specifically image segmentation plays a crucial
role. However, segmentation is a task that requires high
expertise, is very probable to end-up in suboptimal 3D

modeling and feature extraction and when it is performed
manually, it is very time-consuming, prone to human
error, and highly dependent on the expertise of the user.
Therefore, the need for automated approaches has grown
[15].

Automated segmentation, although promising, faces
several critical challenges [7]. Inter-subject variabilities
in the heart anatomy, unclear boundaries between
substructures, and low image quality between different
regions can pose significant challenges to accurate
segmentation. Additionally, issues like class imbalance
and the need for large, annotated datasets, which are
often limited in medical imaging, further complicate the
process. Many traditional deep learning models, such as
Convolutional Neural Networks (CNNs), have been
successful but struggle to capture long-range
dependencies crucial for understanding complex
anatomical structures [16].

The MICCALI challenge highlighted several of these
difficulties, as participants applied various strategies for
whole-heart segmentation [3]. One of the leading models
explored was the multi-atlas segmentation (MAS), which
exhibited anatomical realistic results, but they proved to
be computationally expensive and also struggled with the
low-resolution data [4, 9]. Several participants used
CNN-based deep learning architectures with various
implementations, achieving better performance in
comparison to MAS-based approaches [9]. However, the
challenges mentioned above persisted, highlighting the
limitations in current automated segmentation
techniques. The recent advancements with Vision
Transformers (ViT) have shown promising results in
image classification tasks. However, ViTs have seen
limited application in 3D medical segmentation tasks [5,
6].

In this paper, we propose a hybrid segmentation
model, the so-called ‘ViTSeg’ that combines both ViT
and CNN related model architecture for cardiac image
segmentation. ViTSeg is a hybrid model with a ViT-
based encoder for capturing long range dependencies and
a convolutional decoder for accurate boundary detection.
By introducing ViT into the automated whole-heart
segmentation task it may facilitate the handling of
complex heart anatomies with low computational cost.
Our contribution lies in designing the convolutional
decoder and optimizing the training process, while the
novelty of our approach is the effective combination of
ViT with a lightweight convolutional decoder, achieving
both high segmentation accuracy and computational
efficiency.
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Figure 1. ViTSeg Model Architecture

Materials and methods

The used dataset originates from the MICCAI Multi-
Modality Whole Heart Segmentation (MM-WHS)
challenge, comprising 60 CT 3D cardiac images [3]. The
CT data, considered in this study, were obtained from
anonymized healthy patients. A set of 20 annotated 3D
image volumes, with fixed dimensions of [96 x 80 x 96],
were used for training and validation, while 40 raw 3D
image volumes, with varying dimensions, were reserved
for testing. The dataset, provided in NIfTT format, covers
the entire heart, from the upper abdomen to the aortic
arch, capturing the heart's substructures. The in-plane
resolution of the axial slices is 0.78 x 0.78 mm, with an
average slice thickness of 1.60 mm. The dataset also
includes manual annotations of seven cardiac
substructures, including the left and right atriums, left
and right ventricles, myocardium of the left ventricle,
aorta, and pulmonary artery.

Before training the network, we pre-process the
training dataset to ensure uniformity and consistency
across them. A specific preprocessing procedure was
applied to produce images with distinct tissues, the same
orientation, and a consistent size. In order to increase
dataset diversity and avoid overfitting, data augmentation
techniques, including random rotations and Gaussian
noise addition, were applied. The preprocessing and
augmentation procedures were implemented using the
MONALI framework [10]. MONAI is a PyTorch-based
library for deep learning in medical imaging with a
comprehensive set of tools for medical image analysis,
including the RandRotated, and RandGaussianNoised
functions, which we leveraged for tasks such as image
rotation and noise addition.

Model Architecture
The architecture of the proposed ViTSeg model (Fig. 1)
was developed by combining ViT [1,14] encoder for
feature extraction and a convolutional decoder to
generate the segmentation map. Since the input consists
of 3D cardiac CT volumes, the segmentation is
performed on the entire volumetric structure rather than
individual 2D slices. The ViT encoder is responsible for
capturing long-range relationships and the convolutional
decoder for accurate boundary detection and preserving
local spatial details. In Fig. 1 the model is divided in two
parts:
e ViT-based Encoder: The input image is divided into
small, non-overlapping patches. Each patch is

flattened into a vector and the final output consists

of all patches represented as a sequence of embedded

vectors. First, the Multi-head Self-attention
mechanism captures global dependencies across

patches. Residual connections, normalization, and a

Multilayer Perceptron (MLP) further refine the

features and stabilize training.

e Convolutional Decoder: The goal of the decoder is
to generate the segmentation map. The encoder’s
features are reshaped back into a 3D grid.
Transposed convolution [11] reduces features
dimensions while increasing the resolution. ReLU
activation introduces non-linearity, and convolution
reduces feature dimensions to the number of classes
creating a 3D probability map for each voxel. The
final upscaling ensures the final output matches the
input resolution [12].

This approach combines the strengths of ViTs in

capturing complex relationships with the spatial accuracy

of convolutional layers, making it well-suited for medical
image segmentation tasks.

Training Procedure

The ViT encoder that was used in this study was

implemented according to the ViT-Base architecture [1].

The model was trained from scratch on the MICCAI

MM-WHS dataset, without utilizing any pre-trained

weights. The training procedure employed the AdamW

optimizer and DiceCELoss [13], which used Dice and

Cross-Entropy losses together, as shown in Equation (1).

A learning rate scheduler [2] was implemented to adjust

the learning rate, ensuring that the model has enough time

to adapt during training.

To ensure a robust and reliable evaluation, a 5-fold
cross-validation approach was employed on the training
images, such that each image is tested exactly once. To
create the segmentations in the test set, we trained on all
the training images with the same hyperparameters as
used for cross validation. Finally, a post-processing
transformation is applied after each prediction to convert
the output into the desired format for evaluation.

2 * Z{"é:l}l’c}’c
IR _gpE + E{_ypiyE

DiceCELoss = w,

—w; Z{i_3c log pc
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Figure 2. The training Loss and validation Dice score

The model was trained for 25000 iterations with a
batch size of 1 due to memory constraints, taking
approximately 5 hours. Experiments were conducted on
an Intel Core 17-13700K processor with an AMD Radeon
RX 7900 XTX GPU (24GB VRAM) using Windows
Subsystem for Linux (WSL) and ROCm for PyTorch
compatibility.

Results

The ViTSeg model was evaluated on the CT dataset
using key metrics: Dice Similarity Coefficient (DSC),
Intersection over Union (IoU), and Hausdorff Distance
(HD). Training loss decreased steadily, and the validation
Dice score improved over iterations, indicating effective
learning (Fig. 2). The model achieved an average DSC of
92.65%, with most of the heart substructures exceeding
90% (Table 2). The evaluated heart substructures include
the Left Ventricle (LV), Right Ventricle (RV), Left
Atrium (LA), Right Atrium (RA), Myocardium (MYO),
Aorta (AO), and Pulmonary Artery (PA). Among them,
the Pulmonary Artery (PA) had the lowest DSC at
87.93%, indicating challenges in segmenting smaller
substructures.

Table 1. ViTSeg overall performance metrics in

validation phase.

Metric Average Value (%)

Accuracy 99.50 +£0.08

Precision 92.43 £3.05

Recall (Sensitivity) 92.88 £2.39
Visual Results

A randomly excluded test image ct_train_1001 was used
for additional validation. The predicted segmentation
closely matched the ground truth, achieving an average

Table 2. ViTSeg performance metrics in validation
phase for the heart substructures.

Heart DSC IoU HD
Substr. (%) (%) (mm)
LV 93.66£1.60 87.67+2.70 2.31+0.34
RV 9456 £0.57 8795+2.11 2.92+1.19
LA 9458 +£1.90 90.34+1.96 3.03 £1.01
RA 9348 £0.80 86.95+1.31 3.48 £0.93
MYO 9140+1.89 85.59+2.02 2.84 +£0.81
AO 9290+1.50 86.81+1.11 2.71 £0.38
PA 87.93+1.80 76.67+4.88 6.74 £2.24
Average 92.65+2.17 86.41 £4.50 3.43 +1.80
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Figure 3. Visualization of the segmentation results. The
top row shows the ground truth segmentation, and the
bottom row presents the predicted segmentation. The
colors represent the following structures: Red (LV),
Green (RV), Blue (LA), Yellow (RA), Cyan (MYO),
Purple (AO), and White (PA).

DSC of 90.10%, slightly lower than validation results.
While the model successfully segmented major heart
structures, subtle errors in boundary precision were
observed, particularly in the Pulmonary Artery.

Table 3. DSC score for CT Image: ¢t train 1001 in

testing.
Heart Substructure DSC score (%)
Left Ventricle (LV) 86.50
Right Ventricle (RV) 87.50
Left Atrium (LA) 94.73
Right Atrium (RA) 90.10
Myocardium (MYO) 86.71
Aorta (AO) 91.72
Pulmonary Artery (PA) 84.20
Average 90.10

Comparison with Other Models

ViTSeg outperformed even traditional models such as U-
Net and the Transformer-based U-Net (UNETR) [2].
Both models were trained using the same parameters as
ViTSeg. While ViTSeg achieved a Dice score of 92.65%,
both U-Net and UNETR obtained lower values, 82.67%
and 86.33%, respectively, over all substructures. ViTSeg
not only achieved higher accuracy but also demonstrated
computational efficiency, completing training in 5 hours.
In comparison, UNETR required 24 hours and U-Net 10
hours to train.

Discussion

This study revolves around the use of Vision
Transformers (ViTs) for automated cardiac image
segmentation. We introduce ViTSeg to improve
segmentation accuracy while maintaining computational
efficiency. The model is trained and tested on CT images
from the MICCAI MM-WHS challenge, achieving a
Dice Similarity Coefficient (DSC) of 92.65.

The results demonstrate that ViTSeg exhibited a good
segmentation performance, particularly for the ventricles
and atria. Although smaller substructures such as the
Pulmonary Artery posed challenges, while achieving the
lowest DSC (87.93%). The model also exhibited slightly
lower performance on the test image, indicating the need
for further generalization improvements. In addition to
its performance, ViTSeg also proved to be
computationally efficient, making it a more practical
choice for real-world applications.
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ViTSeg showed high segmentation performance
results in significantly low computational time compared
with other well-known architectures (U-Net and
UNETR). This is potentially due to the use of attention-
based architecture, which contains the unique feature of
better captured global and local features. Recent studies
[17,18] for whole heart segmentation have reported
strong performance, with a DSC over all substructures of
90.51% using a MAS-based method developed by Yang
et al. (2017) and 88.9% with Seg-CNN, the CNN-based
segmentation method proposed by Payer et al. (2017).
These studies further highlight the competitive
performance of our model, ViTSeg.

Despite the good performance of ViTSeg, this
approach has limitations. Firstly, the small dataset used
for training and validation had a significant impact
mainly on the model’s performance which can be
addressed with future studies by training with a larger
and diverse dataset or different imaging modalities (e.g.,
MRI) to enhance generalizability. Additionally,
exploring self-supervised or semi-supervised learning
approaches would reduce reliance on labeled data. Then
resource constraints during training, such as reliance on
a small GPU, which occur on the use of a minimal batch
size of 1, affecting optimization and training efficiency.
Furthermore, the model is not designed to process
different modalities due to the variations in their features.
Another area for improvement is the assessment of
segmentation quality scores. In future work,
incorporating uncertainty indicators or attention maps
could help estimate the probability of failure, enabling
better detection of segmentation issues and enhancing
model reliability and robustness [19]. Future studies will
also evaluate the real-time inference performance of
ViTSeg to further demonstrate its practical feasibility for
deployment in clinical workflows.

Conclusion

We proposed ViTSeg, a novel deep learning architecture
for human heart anatomy segmentation. The model was
trained and evaluated based on openly available data.
ViTSeg showed promising results not only during
training and testing phases and when compared with
other novel models, but also in terms of computational
time. The proposed model might pave the way for
accurate whole heart segmentation to offer high-end and
real-time 3D modeling and digital twin formulations
posing a significant attribute for improved -clinical
evaluations for CVDs.
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Abstract

Physical therapy and advanced neural rehabilitation
are crucial components of the treatment of many
neurological disorders, and the use of robotic glove-
assisted devices for hand function rehabilitation has
become an area of growing research interest. In
addition, advances in sensing mechanisms and
computational models have enabled the development
of systems capable of understanding gestures and
tracking joint angles. This work proposes an
approach for collecting kinetic and kinematic data
through the sensor layer of a soft robotic glove (SRG),
with the objective of classifying gestures through data
fusion and controlling the SRG. The proposed
methodology aims to deliver active therapy that
supports rehabilitation with a natural and intuitive
user experience.

Keywords

data fusion, bend sensor, flex sensor, force sensor, hand
gesture recognition, inertial measurement unit, machine
learning, pressure sensor, sensor glove, soft robotic
glove, surface electromyography

Introduction

Neurological disorders such as stroke and spinal cord
injuries (SCI) can lead to significant hand function
impairments, affecting a person’s ability to perform daily
tasks. Effective neural rehabilitation is essential to
restore mobility and independence, and recent
advancements in sensor-based technologies have opened
new possibilities for improving therapy [14]. Accurate
hand tracking enables gesture classification and robotic
assistance, which can enhance rehabilitation by
providing guided exercises and interactive training.
Wearable sensing technologies play a key role in
achieving this by offering a non-invasive and continuous
method for monitoring hand activity.

Various sensing techniques have been developed to
monitor physiological changes during hand movement.
These methods often utilize a combination of electrical,
mechanical, acoustical, and optical sensing modalities
[10] and can be used to identify the movement or gesture
performed. Key techniques in this field include surface
electromyography (sEMG), force myography, inertial
measurement units (IMUs), photoplethysmography,
strain and flex sensors. Depending on the application,

certain models are trained to predict specific hand
gestures, while others focus on predicting discrete joint
angles or continuous motion patterns. The fusion of these
techniques is also commonly employed to improve the
accuracy of such systems. Sensor data fusion approaches
are generally classified according to the relationships
between data sources (complementary, redundant, or
cooperative) and the type of data involved (raw data,
computed features, or during decision-making) [2].

In early studies, thresholding techniques were frequently
employed to detect specific hand gestures based on
sensor signals. For example, in [11], a soft robotic glove
(SRG) designed to assist in grasping after SCI integrated
various sensors, including strain and force sensors, to
identify four distinct states: relaxation, extension, pinch
flexion, and power flexion, using thresholding
techniques. Similarly, [S] used resistive pressure sensors
to detect grasp intentions, identifying states such as open,
opening, closed, and closing through a relative detection
approach along with thresholding.

Building upon these initial works, several studies have
demonstrated the potential of wearable sensor-based
systems for hand gesture recognition. For example, [3]
created a sensor and motor glove for therapy that uses
force and flex sensors to measure finger movements. The
glove identified 16 fine grained gestures for mirror
therapy and six basic grasping gestures for task-oriented
therapy, achieving greater than 95% classification
accuracy with the Support Vector Machine (SVM), k-
nearest neighbour (k-NN) and Decision Tree (DT)
classifiers. In a similar vein, [6] presented NeuroPose, a
system designed for 3D hand pose tracking rather than
discrete gestures using SEMG (MYO armband with eight
channels). They tested user-dependent models and
transfer learning, which adapted a pre-trained model to
new users in just 90 seconds, reducing training time. The
system demonstrated a balance between accuracy and
wearability, highlighting the effectiveness of transfer
learning and the Encoder-Decoder architecture for real-
time, low-latency tracking.

A more recent study [8] introduced the emg2pose
benchmark, a large publicly available dataset of SEMG
recordings and corresponding hand pose labels, along
with vemg2pose, a machine learning model designed to
predict joint angular velocities. The dataset was collected
from 193 participants over 370 hours using a wristband
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with 16 bipolar channels and a 2 kHz sampling rate.
Ground-truth labels were obtained using a 26-camera
motion capture system operating at 60 Hz, utilizing 19
reflective markers to capture joint angles and 3D
positions and an inverse kinematics solver to reconstruct
joint angles from marker data. The evaluation benchmark
included pose regression and pose tracking tasks across
three generalization scenarios: held-out users, held-out
stages, and held-out users & stages. The vemg2pose
model used a causal strided convolutional featurizer
based on a Time-Depth Separable Convolution network,
downsampling high-frequency signals to 50 Hz. Features
were combined with previous joint angle predictions and
fed into an LSTM-based decoder to predict angular
velocities. This auto-regressive model relied on past
predictions to generate future outputs, which were then
upsampled to match the 2 kHz ground-truth sampling
rate.

The current study aims to further develop and evaluate a
multimodal sensor-based system for hand gesture
recognition through sensor data fusion, for the SRG
component of the NeuroSuitUp platform and
NeuroSuitUp/HEROES projects [4], [7], [12], [13]. The
device will be tested and validated on both healthy
individuals and those with physical impairments. The
sensor layer of the SRG is equipped with flex, pressure,
SsEMG, and accelerometer sensors. It is based on the
existing wearable device used in previous research [7],
[4] and will guide the glove with the soft pneumatic
actuators to provide assistance. The project will assess
various signal processing and classification techniques,
ranging from traditional machine learning approaches
(SVM, k-NN, DT) to advanced deep learning
architectures such as convolutional neural networks
(CNN:s), recurrent neural networks (RNNs), and encoder
decoder models. Additionally, the research will
investigate the potential of transfer learning to reduce
training time and improve classification performance for
new users. Ultimately, this work aims to improve the
gesture recognition system and enable better control to
the actuators designed to provide active assistance.

Methodology

The acquisition setup consists of a sensory data glove
(Figure 1) equipped with flex and pressure sensors, a
sEMG sensor, and an accelerometer. Five flex sensors are
installed on each finger to detect bending or flexion,
while two pressure sensors are positioned on the thumb
and middle finger to measure the pressure applied to
them. The accelerometer is mounted on the dorsal side of
the glove. Additionally, a separate sEMG sensor is
placed on the forearm to monitor muscle activity. All
sensors, including the accelerometer and sSEMG, connect
to a microcontroller via wired connections. They transmit
and receive data to and from a desktop application
through a serial connection. The sampling frequency is
set to 2 kHz for the sSEMG signal and 100 Hz for the other
signals.
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Figure 1: The sensory data glove: The setup includes an
Arduino Mega 2560 Rev3, a MyoWare™ Muscle Sensor
(AT-04-001), two Resistive Thin Film Pressure Sensors
(RFP602), five Flex Sensors by Spectra Symbol, and a
Triple Axis Accelerometer (ADXL345)

In this study, data will be collected from two groups: one
consisting of healthy individuals and the other of
individuals with impairments. The study protocols were
approved by the Committee for Bioethics and Ethics of
the School of Medicine, Aristotle University of
Thessaloniki with the protocol numbers 188117/2022
and 266604/2022. Diversity in both groups will be
ensured by considering factors like age, body size, skin
condition, and impairment severity. Each participant will
perform nine distinct gestures, as outlined in Table 1. For
each gesture, participants will hold the position for 60
seconds, with three repetitions per gesture. Between each
repetition, there will be a 10-second rest period where
participants return to a neutral posture. During the
gesture execution, the participant will observe the desired
movement on a monitor placed directly in front of them.
An operator will supervise the process and confirm when
the participant has successfully reached the correct
position. At that point, labelled data will be recorded and
saved in a CSV file for further analysis. Several signal
processing steps will be performed, including noise
filtering, data synchronization, and super sampling to
match the highest sampling frequency. The data will be
segmented into overlapping windows, and various
classification approaches will be tested. One approach
will involve computing predetermined features such as
root mean square, mean absolute value, marginal discrete
wavelet transform, variance, and standard deviation. This
will be followed by feature selection and the evaluation
of classical machine learning models, like SVM, k-NN
and Random Forests.
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Table 1: Hand gestures, aiming to be classifiable through
the SRG [9]

Name Figure
Power Grip W
Cylindrical
o > 3
o,

Hook Grip g
Lateral Grip

e oy
Spherical
Grip &
Lumbrical
Grip —
Tip Pinch .
Tripod Pinch
Key Pinch _

classifiers as described in [1]. The second, more
advanced approach will utilize deep learning techniques,
such as CNNs, RNNs, and encoder-decoder
architectures, to automatically extract relevant features
from the raw data. Additionally, transfer learning will be
explored to leverage pre-trained models, potentially
enhancing classification performance.

The models will be trained and tested using different
configurations to evaluate their performance under
various conditions. In the first setup, each model will be
trained using data from two repetitions of gestures
performed by an individual, with one-third of the data
held out for testing. The testing set will include data from
the third repetition, ensuring that the model is evaluated
on unseen data from the same individual. This setup
allows for an individual specific assessment of the
model’s ability to classify gestures.

In the second setup, the models will be trained using data
from 80% of the subjects, both healthy and impaired
individuals, while the remaining 20% will be used for
testing. This testing set will consist of data from new,
unseen subjects, allowing for an evaluation of the
model’s generalization capabilities across different
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individuals. This approach provides insights into how
well the model can perform on entirely new subjects
beyond those used for training.

In the third setup, transfer learning will be applied to
adapt a pre-trained model to a new user by fine-tuning it
with a small dataset from that individual. The lower
layers, which capture general signal patterns, will remain
unchanged, while the upper layers will be adjusted to
learn the user's unique signal characteristics. This
approach is expected to enable rapid personalization with
minimal training data.

Moreover, to assess the contribution of each sensor to
classification accuracy, an ablation study will be
conducted, where models will be trained and evaluated
with different sensor combinations. This analysis will
help determine the relative importance of flex sensors,
pressure sensors, the accelerometer, and the sEMG
sensor in gesture recognition.

In addition to assessing classification accuracy, metrics
such as precision, recall, Fl-score, and the confusion
matrix will be calculated. Furthermore, the training and
prediction time (inference time) will be monitored to
evaluate the efficiency of the models.

Expected Results & Discussion

Signal characteristics are expected to vary between
individuals due to differences in muscle activation
patterns, signal amplitude, and noise levels. Factors such
as muscle strength, skin conductivity, and sensor
placement can potentially influence sEMG readings,
while variations in hand size and flexibility may affect
flex and pressure sensor outputs. These differences are
likely to be more pronounced in impaired individuals,
whose muscle activation may be weaker or inconsistent.

As aresult, while high classification accuracy is expected
in individual-specific assessments, accuracy may be
slightly lower in the generalization setup due to inter-
individual variability. Classical machine learning models
like SVM, k-NN, and DT should perform well with
engineered features but may struggle with complex
gesture variations. Transfer learning is expected to
improve classification, which could be especially helpful
for impaired individuals with limited training data. While
models trained on many individuals should generalize
better, classifying gestures from impaired individuals
may still be challenging due to differences in muscle
activation.

It is important to acknowledge that individuals with SCI
at or above the C-8 level typically lack voluntary finger
muscle movement but may exhibit involuntary muscle
contractions resulting from spasticity. Such involuntary
responses complicate signal interpretation and gesture
recognition and machine learning algorithms must be
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carefully adapted to recognize and accommodate these
physiological differences.

Moreover, the various sensors are anticipated to
contribute differently to classification accuracy. sSEMG
captures muscle activity, while flex sensors can track
finger movements and bending patterns. Pressure sensors
may prove very effective for gestures that require grip
strength, such as power grips, cylindrical grips, and key
pinch grips and the accelerometer may be more suitable
for identifying dynamic movements and adjustments of
the wrist. Integrating these inputs the study aims to
enhance performance across individuals and gesture

types.

The study aims to address potential biases and risks, in
recognizing gestures from impaired individuals by
implementing personalized calibration, transfer learning
techniques, and advanced signal processing. Lastly,
ethical considerations, including data privacy, will also
be prioritized through anonymization and secure data
handling practices to ensure participant confidentiality
and informed consent.

Conclusion

This article provides an overview of research in sensor
data fusion, gesture recognition and motion tracking
using wearable sensors on an SRG platform. It outlines
the proposed methodology for data collection, signal
processing, and modelling to develop a system capable
of identifying gestures [ 12]. The system aims to assist the
SRG of the NeuroSuitUP/HEROES project, equipped
with actuators, in supporting individuals with hand
impairments during neural rehabilitation [13].
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Abstract

Convolutional Neural Networks (CNNs) are a type of
Machine Learning (ML) algorithm particularly well-
suited for image classification. Resting-state EEG
signals can be converted into images to be fed into a
CNN. This study investigates the use of CNNs for
classifying neurodegenerative diseases (NDDs),
specifically  Alzheimer's disease (AD) and
Frontotemporal Dementia (FTD), using resting-state
EEG data. A novel method that utilizes the inherent
advantage of CNNs in image-based processing and
the discriminative power of time-frequency domain
features for EEG signal representation is presented.
The approach follows distinct steps: EEG signal
preprocessing and segmentation, time-frequency
domain feature extraction and conversion into
images, CNN training, and image classification. The
classification is limited to distinguishing AD and/or
FTD from a control group of healthy subjects (HC).
The performance and behavior, of the used CNN
model, across different classification scenarios, are
evaluated using standard metrics, including Test
Accuracy, precision, recall, and F1-score.

Introduction

Neurodegenerative diseases (NDD) encompass a broad
group of disorders characterized by the progressive
degeneration of neuronal groups, leading to functional
impairments in cognition, movement, or both. They can
be classified based on clinical symptoms/primary clinical
features (e.g. dementia, parkinsonism, motor neuron
disease), anatomical distribution of degeneration (e.g.
frontotemporal, extrapyramidal or spinal degenerations),
or the main molecular abnormality (with the most
common being amyloidosis, tauopathies, o-
synucleopathies and protein  diseases TDP-43
proteinopathies) [1-2]. NDD are a common and
increasing cause of mortality and morbidity worldwide,
especially in the elderly. Being heterogeneous in their
clinical manifestations and underlying physiology, often
with overlapping characteristics, there is a need for high
diagnostic accuracy that will also allow more reliable
prognosis and/or specific treatment and management.[3]
The main methods of diagnosis include clinical
evaluation (cognitive abilities and neurological

function), imaging techniques (MRI, CT, PET, SPECT
scan), biomarker analysis (blood/cerebrospinal fluid) and
electrophysiological tests (EEG/MEG).
Electroenfephalography (EEG) signal analysis has
become widely available, particularly in the diagnosis of
various neurological and neuropsychiatric disorders such
as various forms of dementia (Alzheimer's (AD),
Frontotemporal Dementia (FtD), Mild Cognitive
Impairment (MCI), Parkinson's disease (PD) and takes
advantage of the specific frequency changes and
connectivity patterns observed in NDD.

EEG records the changes in the electrical potentials of the
brain obtained from electrodes placed on the human
scalp. It is low-cost, safe and painless procedure. The
steps of an EEG pipeline are shown in Figure 1.

Due to the nature of the EEG signal (non-stationary low
signal/noise ratio) and the need for more accurate
diagnoses, there is a need for automated methods.
Machine Learning (ML) and Deep Learning (DL), based
on Artificial Neural Networks, offer the possibility of
using automated processesing for Feature Extraction
and/or Classification. In particular, DL can replace both
Feature Extraction and Classification into one step
(Figure 1)[4]

ML/Stat ML/Stat
A

1

—_—

[ |
Classification

)

EEG signal - Teature
Extraction

Prcprocessing

Figure 1. — Typical EEG processing using ML/DL

Convolutional neural networks (CNNs) is a type of ML
algorithms mainly used in image classification and object
recognition tasks. Compared to other methods, CNN
requires no or very little preprocessing of input data,
making it suitable for EEG signal analysis [4].

The main architecture consists of 3 levels (Figure 2).
CNN input is usually a matrix, and the typical
architecture consists of:
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e Convolutional layer (CL): Extracts features from
input data and passes these to the next level in the
form of feature maps. To accomplish this, CL
consists of several small arrays called filters or
kernels. A convolution operation (element wise
matrix multiplication and sum up) is performed as
the filter "slides" over the input matrix and the
convolution produces a point. The set of points
forms the feature map for the next level .

&
1.

Input — EEG Signal

Pre-Processing

) Pooliag Layer

=

Poocling Layer

=

Pool

/ Layer

~ CNN - Feature Extraction

1% CNN - Fully
Connected Layer

7= Classification

I —
1=— CNN - Output Layer
OO0 O J
Figure 2. Typical architecture of CNN

e Pooling Layer (PL). Is used to reduce the spatial
dimensions of feature maps while preserving the
most important information. Different strategy
selection can be applied such as max/average
pooling.

e Fully connected layer (FC). Performs the
classification. Feature maps from the last
convolutional or pooling layer are converted into a
1D vector and fed forward to the neural network that
uses Softmax (for multi-class classification) or
Sigmoid (for binary classification) to produce class
probabilities. The class with the highest probability
score is the output or prediction made by the model.

The purpose of this study is to investigate the potential of

convolutional networks (CNN) in the classification of

EEG signals for patients with NDD (Alzheimer's and

FtD). In particular, an attempt is made to answer

questions such as:
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3. What may be the difficulties/limitations that we
might encounter?
Methodology

The EEGs used in this study are provided, as a dataset, in
the form of a set of EEG files in standardized .set format
[5]. The dataset contains the EEGs of a total of 88
subjects which are divided into three groups (AD = 36,
FtD = 23 and control HC = 29 healthy subjects). Each
EEG contains the recording of 19 electrodes according to
the 10-20 system with two reference electrodes. The
sampling frequency is 500 Hz. Each recording lasts
approximately 13.5 minutes for the AD group (total:
485.5 minutes), 12 minutes for the FTD group (total: ,
276.5 minutes), and 13.8 minutes for the CN group (total:
402 minutes). The dataset provides the data in two
formats: raw and processed (in which a 0.5-45 Hz
Butterworth band-pass filter has been applied and signals
have been re-reported to A1-A2. ASR (Artifact Subspace
Reconstruction routine) was then applied to correct
artifacts, remove bad data periods, and then, RUNICA
converting the 19 EEG signals into 19 ICA components
ICA components and the ICLabel of the eeglab tool was
used to remove existing artifacts.

In this work, the dataset with processed data was used
without any further preprocessing. The general process
flow is shown in Figure 3.

File Time-Freq Format
Preprocessing Domain Conversion
(images)

Figure 3. Pipeline test process flow

File preprocessing involved splitting each EEG file into
parts of 4 secs — (each segment has 2000 points). In this
way — on average from each file result: (Average time
category *60)/4, 202 for AD, 180 for FtD and 207 for HC
segments with no overlap. In later experiments the time
was increased to 8 and 30 secs. In each segment, the
time-frequency representation was obtained using the
Morlet continuous wavelet transform (CWT). Based on
the fact that the dataset data are bandlimited to 0.5-45 Hz,
this gives a typical matrix, in matlab, of 61x2000 [freq.
coefficients x time points] which we initially limit it to a
table of 50x250.

In general, there are two ways to split the data: (1) split
by segment, meaning that segments from the same
subject can be in both the Training and Test sets, and (2)
split by subject, where segments from any subject can be
in either the Training or Test dataset, but not both. The
Training/Test data can be split using either the 80-20
(Training-Test) or its variant 80-10-10(/70-15-15)
(Training-Validation-Test) method, in which case the

1. is it appropriate to use CNN for such Validation data are wused to tune the model
classification? hyperparameters while in previous case the 80% is used
2 How accurate is the method? for both Training and Validation). Alternatively, the
LNSO (Leave N Subjects Out) method can be used (but
only when spliting by subjects). In fact LNSO is similar
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to split 80-20 by subject only more models are trained
(same number as the number of groups into which the
original data is split). With LNSO the trained model from
each iteration is also stored.

For the 80-20/80-10-10 methods used, input to CNN
(Figure 4), was, initially, provided as a group of
19x50x250 3D array and after as 500x500 gray scale png
images, as CNNss typically perform better when the input
consists of (rectangular) images. These images were
constructed by reshaping the 19x50x250 array. At first
due to memory management issues the data was a group
of 30 patients - 10 from each category. Later, by
modifying memory management/hw, the experiments
used a total of 60 patients (20-20-20).

imagelnputLaver

convolution2dLayer
batchNormalizationLayer

v

maxPooling2dLayer

CNN Block 2

CNN Block 3

Fully Connected Layer
Sofmax Layer
Classification Layer

— CNN Block1

Figure 4. Typical CNN Architecture used in the tests

Overfitting is a common issue in CNN models, and this
case is no exception. To minimize overfitting, model
behavior was carefully monitored, especially during the
initial tests. Model hyperparameters were manually fine-
tuned at first and later optimized using grid search
optimization. Additionally, and in order to make the
network, overfitting resilient, ReLU activation and
dropout layers were implemented after each
convolutional layer. The resulting network was tested to
evaluate itself on a small set of initial data that did not
participate in the initial training to determine behavior in
unknown data.

There were instances where, depending on the CNN
input, an additional 2D convolutional layer was added.
Our approach is similar to the work in [6], with the main
differences being the time duration of the segments used
(4 vs. 30 seconds) and the EEG signal decomposition
method (CWT vs. spectrogram (FFT)). The results from
this study are compared with those from [6].

Table 1 — Typical CNN hyperparameters

Split by Split by
Segment Subject
Mini Batch Size | 16 16
Max Epochs 30 40
Init Learning 0.0007 0.0005
Rate
L2 reg 0.0004 0.0005
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Dropout 0.230000 0.23
Dropout final 0.350000 0.35
Results

Split by segment: we ran many times using this method.
It achieves the highest classification rates, above 95% in
all cases. Hyperapameters of the model were fine tuned
using grid-search optimization. In general the CNN
contains 3 convolutional layers and the input was usually
a group of 19x50x250 array.

2 ¥ ¥ & v B 3 3 3 B
T = T

Figure 5. Split by segment. — Y-Axis: Accuracy(%) X-
Axis: Iterations - Final Test Acc: 95.43% Training Loss:
0.2 - Validation Loss: 0.17.

Training vs Validation Loss
4.5 T T T

T T T
Training Loss
4 Validation Loss | |

0 500 1000 1500 2000 2500 3000 3500
lterations

Figure 6. Training-Validation Loss (Cross-Entropy Loss
is used in matlab)

Table 2.1 -Typical split by segment run
Test Accuracy: 95.43%
Macro F1-Score 0.90
Final Training Loss 0.207570
Final Validation Loss 0.172832

Table 2.2 - Class-wise Performance — Split by segment

AD/FtD/HC Case
Precision Recall F1-Score
AD 0.87 0.94 0.90
FtD 1.00 0.78 0.87
HC 0.88 1.00 0.94

It was observed that the model exhibits poor performance
when classifying unknown data. This is a data leakage
issue already described in [7]. For this reason split by
subjects and LNSO methods were also explored.

Split by subject: Using this method, the data were split
using both the “80-20/80-10-10" as well as the LNSO
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method. We present, here, only the results from the first
method using 500x500 gray scale images as the LNSO is
still work in progress.

Table 3.1 — Test Accuracy (Average)

Test Acc
AD/FtD/HC | 57.78%
AD/HC 80.47%
FtD/HC 64.10%
AD+FtD/HC | 79.61%

Table 3.2 — Class wise performance — Split by subject

Case class | Precision | Recall F1-
Score
AD/FtD/ | AD 0.49 0.62 0.55
HC
FtD 0.62 0.51 0.53
HC 0.73 0.62 0.65
AD/HC AD 0.86 0.73 0.79
HC 0.75 0.88 0.81
FtD/HC FtD 0.79 0.45 0.57
HC 0.58 0.86 0.69
AD+FtD/ | AD+ | 0.93 0.75 0.83
HC FtD
HC 0.65 0.89 0.75
Conclusions

A novel method has been explored that combines the
intrinsic image classification strengths of CNNs with
time-frequency decomposition-based feature extraction
to classify resting-state EEG signals distinguishing
between AD/FtD and healthy controls (HC). This
approach has led to several conclusions:

CNNs provide an effective method for classifying
resting-state EEG signals.

Splitting by segment, although achieving high
classification rates (above 95% in most experiments),
does not generalize well to unseen data due to the well-
known data leakage issue. For this reason, split by
subjects should be the preferred method.

As already mentioned, CNNs perform best with image
inputs, but low-resolution images can miss subtle EEG
signal details, affecting generalization. High-resolution
images preserve these features but at a higher
computational cost.

Three-class classification (AD/FtD/HC) is more
challenging than binary classifications (AD/HC,
FtD/HC, or AD+FtD/HC), and the results for this task are
not yet satisfactory. Binary classification performance of
FtD/HC is always worse than AD/HC or AD+FtD/HC.
There seems to be a diffusion of FtD into the other two
classes, AD or HC.

Our results compare with the results presented in [6]
where an average of 79.45%, 72.85%, 80.69%, 54.28%
was reported whereas in our case 80.47%, 64,10%,
79.61%, 57,78% was achieved for the AD/HC, FtD/HC,
AD+FtD/HC and AD/FtD/HC cases respectively.
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Exactly because the use of CNNs for resting-state EEG
classification consists of clearly defined stages,
automated modular pipelines could be particularly
effective and beneficial for evaluating various
configurations.
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Abstract

Understanding the biomechanical behavior of the
human jawbone is crucial for optimizing dental
implant design and improving their long-term
stability. Finite Element Analysis (FEA) is widely
used to simulate mechanical responses, but accurately
modeling bone properties remains a challenge due to
its complex anisotropic nature. This study reviews
existing literature on orthotropic approaches for
jawbone modeling in FEA, assessing various
methodologies, including simple orthotropic bone
blocks, regional material property assignments,
Voronoi lattice structures, Fourier series, Hounsfield
unit-based stiffness mapping, harmonic fields, B-
spline curves, and principal stress-based orthotropy.
While these methods enhance model accuracy, there
is no consensus regarding standards for anisotropic
jaw modeling. The findings highlight the need for
continued refinement in orthotropic modeling
techniques to achieve more reliable and patient-
specific simulations.

Introduction

Dental implants are biocompatible prosthetic devices that
are surgically embedded into the jawbone to restore the
function and aesthetics of missing teeth. Understanding
their biomechanical response to stresses and strains
during mastication is essential for optimizing their design
and ensuring long-term stability. Finite Element Analysis
(FEA) is a numerical method used to solve complex
engineering and biomechanical problems by dividing a
structure into smaller, manageable elements. Each
element follows mathematical equations that describe
how it responds to external forces, such as stress, strain,
and displacement. By solving these equations, FEA helps
predict how a structure will behave under different
conditions. In general it can be defined as a general
discretization procedure of continuum problems posed
by mathematically defined statement [6]. FEA was firstly
introduced in 1973, and since then, significant
advancements have been made, leading to increasingly
accurate yet more complex models [7].

One of the ongoing areas of research in FEA is the
optimal methodology for developing bone models and
defining  their material properties.  Accurately
representing bone behavior remains a challenge due to its

Isotropic
E,=E,=E,

Anisotropic
E.#E, #FE,

Figure 1. Illustration of an element with ¢ representing
stress tensors and E denoting elastic moduli

techniques and parameter selection. The accurate and
realistic assignment of material properties is regarded as
one of the three key factors influencing the validity of
Finite Element Models [9].

However, when modeling biological tissues, accurately
defining and assigning material properties remains
challenging. As a result, many studies adopt isotropic
models to approximate bone behavior, despite biological
research indicating that human bone exhibits orthotropic
characteristics or at least transversely anisotropic. [3, 10,
11] In isotropic material, mechanical properties remain
uniform in all directions, whereas in an orthotropic
material, properties differ along the x, y, and z axes.
(Figure 1) Assigning the correct directional stiffness
properties in an orthotropic jaw model presents a
significant challenge due to the complex geometry of the
mandible, its lack of symmetry, and the absence of a
uniform shape. Additionally, the observed variation in
material properties throughout the bone further
complicates the accurate definition of stiffness
parameters. As a result, many researchers have focused
on modeling only small segments of bone diaphysis.
However, these localized models cannot be reliably
generalized to represent the mechanical behavior of the
entire mandible.

This study aims to review the existing literature and
gather the primary approaches used in constructing
orthotropic models of the jaw.

Materials and Methods

For the purposes of this study a literature review has been
carried out on Pubmed and Cochrane with the search
string: (mandible) OR (maxilla) OR (jaw)) AND

Compk?xa . hetero.geneous, and anisotropi.c nature, ((orthotropy) OR (orthotropic) OR (anisotropy) OR
necessitating continuous refinement of modeling (anisotropic)) AND ((FEM) OR (finite element
analysis)). We considered all relevant literature available
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up to March 2024, with no restrictions on publication
year. The studies identified through our literature search
were assessed by their titles and abstracts, with the most
relevant ones subjected to a comprehensive evaluation.
The references of the included studies were also
examined for papers that we missed during our search.

Results
We identified 14 relevant studies for inclusion. (Table 1)

Table 1. Main approaches on the anisotropic jaw modeling

Researchers of the main
studies

Approach of the
study

Simple orthotropic
model of a bone
block

Chang (2010)[1], Chang
(2012)[4],dos Santos
(2017)[5], Shen (2010)[8]

Division in

Al-Sukhun (2007) [12] multiple regions

Voronoi-latticed

Alemayehu (2024) [13] trabecular bone

Natali (2010) [14] Fourier series

Hounsfield units-
stifness
components

Hellmich (2008) [15],
Gacnik [16]

Sheng Liao (2011), Xi Ding
(2015), Xi Ding (2014)[17-
19]

Harmonic fields

Sheng Liao (2007) [21] B-spline curves

Orthotropy based
on principal
stresses

Dhatrak (2019) [23]

Discussion

Simple orthotropic model of a bone block

The most traditional approach for generating a finite
element model (FEM) of the mandibular bone supporting
a dental implant involves creating a bone block with an
embedded 3D model of the implant. (Figure 2) The
orthotropic model is developed by assigning appropriate
values for the elastic modulus (Young’s modulus), shear
moduli, and Poisson’s ratio, which vary across different
directions. (Table 2) Extensive research has been
conducted in this field to compare these models with
conventional isotropic ones. The findings indicate
significant differences in the results, particularly in the
distribution of Von Mises stress between isotropic and
anisotropic models.[1, 4, 5, 8]
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Table 2. Anisotropic coefficients of elasticity for
compact and trabecular bone used in several studies.
[E=Young’s modulus (GPa), G=Shear moduli (GPa),
v=Poisson’s ratio]

[2,3] CORTICAL TRABECULAR
E, 12.5 0.21

E, 17.9 1.148

E, 26.6 1.148

Gy 45 0.068

Gy, 53 0.068

G, 7.1 0.434

Vyy 0.18 0.055

v,, 0.31 0.055

Vs 0.28 0.322

Figure 2. Example of a simplified meshed FEM model
of a bone block with an embedded implant

Division in multiple regions

A 2007 study attempted to model the entire mandible and
assign anisotropic properties by dividing it into seven
regions, each with distinct material values and orientation
axes. [12]Building on the research of Dechow and
Korioth, a detailed model was developed and tested
under various scenarios.[10, 20]

Voronoi-latticed trabecular bone

A different approach was proposed by Alemayehu [13],
who utilized Voronoi geometry to model cancellous
bone. A Voronoi lattice refers to a specific type of
Voronoi diagram applied in a lattice structure. Building
on previous studies [22], it was assumed that Voronoi
geometries can effectively replicate complex biological
tissues, such as cancellous bone, which exhibits a porous
structure. This contrasts with classical finite element (FE)
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models, which assume a solid geometry. They further
attempted to compare four biomimetic Voronoi lattice
models with varying pore sizes and concluded that this
variation influences the stress distribution and
micromotion across the dental implant components, as
well as the surrounding cancellous bone. They
incorporated anisotropic characteristics into their models
and highlighted that this approach provides a more
accurate representation of biomechanical interactions in
the oral environment, leading to more reliable implant
designs.

Fourier series

Natali et al. [14] developed a mandible model in which
the elastic properties of the bone were distributed using
Fourier series. To achieve this, a specific procedure was
designed to obtain continuous distributions of cortical
thickness, elastic moduli, and orthotropic directions.
Hounsfield units (HU)-stiffness components

In other studies, efforts have been made to develop more
personalized models based on patient CT data. One such
approach was introduced by Hellmich et al.,, who
designed a model based on voxel averaging rules for
attenuation coefficients, allocating a volume fraction to
each voxel to represent water (marrow) and solid bone
matrix. This method enabled the assignment of stiffness
properties to each voxel based on its HU, leading to the
creation of isotropic, transversely isotropic, and
orthotropic models. [15] A slightly different approach
was proposed in another study [16], where HU were used
to determine bone density at each voxel. Subsequently,
based on the study by Rho et al.[24], the elastic moduli
E,, E, and E, were calculated. This led to the

development of an orthotropic model, which was then
compared with both isotropic and conventional
orthotropic models. The findings indicated that their
model provides more precise predictions.

Harmonic fields

Some studies, beginning with the first publication in
2011[17], proposed the development of a FEM model
based on harmonic fields. This approach aimed to
address the challenge of orienting the orthotropic axes
along the mandible, which, as experimentally
demonstrated, vary from point to point within the bone.
The methodology was founded on the observation that
the longitudinal axis direction, as dictated by the
structural configuration of most bone tissues, aligns with
the trajectory of maximum material stiffness.
Additionally, the scalar distribution pattern of the
harmonic field, characterized by high-quality scalar iso-
contours and gradient vectors, was found to conform
closely to the shape of the object. Two additional studies
applied the same technique to develop a detailed model
of an edentulous mandible with dental implants.[18, 19]
A comparison was conducted with isotropic and simple
orthotropic models, revealing variations in the results
among the different approaches. The findings suggested
that such models can be adopted to provide realistic and
reliable outcomes.

B-spline curves
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Another approach was proposed by Liao et al., who
developed a model utilizing two B-spline curves running
along the upper and lower borders of the mandible as
auxiliary baselines to address the challenge of assigning
orthotropic material orientations. Based on these curves,
cross-sectional surfaces perpendicular to the direction of
maximum stiffness were generated. Ultimately, the axial
(longitudinal) material orientation, corresponding to the
direction of maximum stiffness, was determined. The
results seem to be acceptable.

Orthotropy based on principal stresses

Dhatrak et al. [23] applied a different approach, inspired
by previous femur studies, in which the directions of
orthotropy were assigned based on the principal stress
directions.[25] In their model, the orientation of
orthotropy was determined by the principal stresses
generated by masticatory forces. Their findings indicated
that the orthotropic material model provides more
accurate stress predictions compared to the isotropic
model.

Although several approaches have been proposed, a
widely accepted FEM bone model that integrates bone
remodeling algorithms and allows for personalized
adjustments based on age and bone quality is still lacking.
Current research is increasingly focused on addressing
these challenges to develop more biologically accurate
and individualized models.

Conclusions

From the above study, it is evident that a widely accepted
anisotropic model of the human jaw is still missing.
Researchers may select from existing models based on
the specific objectives of their study and the level of
accuracy required.
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Abstract

Providing integrated, personalized care for older adults is
a global priority to ensure healthy aging, dignity, and
well-being in aging populations, according to the WHO
and the the Decade of Healthy Aging. Unobtrusive health
monitoring is critical for independent aging, as traditional
wearable sensors often introduce discomfort and
compliance challenges. This paper presents an ongoing
work about an innovative, remote health monitoring
system that employs computer vision (CV) technologies
to estimate heart rate (HR) and emotions through video
sequences, aiming to support healthy and independent
aging of the elderly inside their homes. The proposed
system utilizes remote photoplethysmography (rPPG) to
calculate HR (pulse) through RGB frames and a pre-
trained emotion recognition model to estimate emotional
states through facial expressions. Ground truth data for
heart rate was obtained using a pulse oximeter.
Measurements were taken under 4 distinct lighting
conditions to correlate noise introduction from ambient
lighting with measurement error and explore suitable
lighting conditions for optimal performance.

Introduction

Healthy aging is an important challenge for global
development. There has been a significant increase in life
expectancy over the last decades [1]. This rise has been
accompanied by a corresponding rise in health-related
issues, particularly prevalent among elderly individuals
(aged 65 and older). Recognizing this problem,
international bodies such as the United Nations (UN) and
the World Health Organization (WHO) have launched a
common initiative called the Decade of Healthy Ageing
(2021-2030) [2]. This global initiative outlines strategic
actions intended to enhance quality of life for older adults
and provide integrated healthcare tailored to their needs.
Traditionally, technologies used for health monitoring of
the elderly population rely mostly on wearable sensors,
extensive data logging (usually in the form of daily or
weekly questionnaires), and elaborate protocols around
the use of the various technologies [3]. While effective,
these methods are often perceived by elderly users as
overwhelming, burdensome, and disruptive to their daily
routines [4]. This paper presents an ongoing study
concerning an innovative remote health monitoring
system, specifically designed for assisting healthy and
independent aging at home. This technology enables

remote monitoring of the individual’s overall health and
aims to support independent living and empower elderly
individuals to comfortably age at home without
disruption to their daily activities.

Materials & Methods

The system was designed and built around the idea of
augmenting everyday objects used by the elderly in their
everyday activities into smart, health monitoring devices
that could provide vital information about an individual's
health, without disrupting their routine [5,6]. The aim of
this design strategy focuses on creating interactive,
unobtrusive solutions for remote health monitoring that
integrate seamlessly into daily life, demand minimum
user effort, and operate without disrupting the users’
daily routine. Our approach involved creating a system
that visually resembles a conventional household mirror,
a common object that can be found in every household
and is daily used. To realize this, we designed a system
comprising of an RGB camera, which serves as the
system’s sensor, and a microprocessor to control the
system, which are housed within a wooden frame, and
styled to resemble a standard household furniture frame
(Fig. 1). A display monitor is placed onto the front side
of the frame, which serves as the primary user interface.
A reflective display surface covers the monitor to closely
resemble a typical mirror. Additionally, the frame is
bordered by an LED lighting source, offering
supplementary illumination to enhance visibility under
dark lighting conditions (Fig. 1). The system employs
computer vision technologies to provide a general health
state estimation of the user. The RGB signal is
preprocessed and analyzed with computer vision
algorithms to estimate the user’s heart rate and emotions.
If the predicted values stray from the predefined baseline,
the system issues audiovisual warnings, encouraging
timely interventions and, ultimately, promoting better
health outcomes.
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LIGHTING

MEASUREMENT COMPLETED
SUCCESSFULLY

YOUR HEART RATE IS
NORMAL

STAY HEALTHY!
THANK YOU

Reflective
Display

Figure 1. Overview of the system architecture adopted to resemble a
household smart mirror. The setup features a microprocessor
incorporating Computer Vision (CV) capabilities and an RGB camera
(top screen). A reflective display is integrated into the frame,
accompanied by a monitor that facilitates user interaction with the
system. A LED lighting source is surrounding the reflective display to
provide external lighting in dark lighting conditions.

A heart rate estimation algorithm was implemented to
estimate heart rate from RGB video stream, which is
based on remote photoplethysmography (rPPG) [7,8].
This method begins by detecting faces from real-time
RGB video inputs using Haar Cascades [9]. Initially, a
specific region of interest (ROI) on the face is identified,
and feature points within this region are tracked
throughout the video frames with the use of OpenCV [9].
The mean RGB values are extracted for each face
detected in the video sequence. This process repeats until
a threshold of 900 frames is reached. This threshold is set
based on the processing time of the system, which
requires a time window of at least 30 seconds. A 30-
second time window along with the use of a 30FPS
camera translates to 900 frames. Once the threshold of
900 frames is reached, the system starts calculating heart
rate (pulse) on the collected RGB values over each
subsequent frame. At this point, signal pre-processing is
performed by removing absolute brightness using Z-
score  transformation. Subsequently, Principal
Component Analysis is applied to the preprocessed
signal to break the three channels (RGB) into three
independent components and the green channel
component is selected. Research has shown that the green
channel is the component with the most feature-filled
frequency [10,11]. Thus, the selected green component
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undergoes frequency analysis using Fast Fourier
Transform (FFT). A bandpass filter between 0.75Hz and
4Hz is applied to exclude all the frequencies that don’t
represent pulse-like values. This frequency range
translates to a heart rate range between 45 and 240 beats-
per-minute (BPM).  Finally, the most prominent
frequency found in frequency analysis is selected to
represent the heart rate (HR) frequency and is converted
to the time domain. Once the process is completed, the
BPM values with their corresponding timestamps are
stored in a CSV log file and the video stream is deleted.
This ensures data privacy and compliance with bioethics.

Furthermore, an emotion detection algorithm has been
employed to estimate mood based on emotions tracked
from facial features [12,13]. The model was pre trained
on the Facial Expression Recognition (FER-2013), a
publicly available dataset [14] which contains around
60.000 grayscale images of people labeled into six (6)
emotion categories (Neutral, Happy, Sad, Angry,
Disgust, Fear). This algorithm uses the same video
stream pipeline with the heart rate estimation algorithm.
Once the face region is detected by the HR estimation
pipeline it is passed to the emotion recognition pipeline
for classification. The emotion detection model
calculates the input and produces a distribution of
probabilities across all 6 categories, out of which the
emotion with the biggest probability is selected as the
final prediction. The predicted emotion along with its
timestamp are then logged into the same CSV log file
mentioned before, along with heart rate data.

Experimental Process

We conducted a validation experiment to evaluate the
proposed system inside the A-HALL living lab at the
Medical Physics & Digital Innovation Laboratory site in
Thessaloniki [15]. The living lab was chosen because it
is designed to closely simulate the intended real-world
deployment environment. An elderly participant aged 65
years old was assessed for three individual sessions,
ensuring repeatability and providing sufficient data for
further statistical analysis.

A framework of three questionnaires is used to evaluate
the participants’ ability to operate and interact with the
system, as well as providing a quick assessment of their
mental state and cognitive abilities. Specifically, the
Digital Literacy Questionnaire (DLQ) was developed to
assess participants' ability to handle and interact with
digital technologies [16]. Also, the State-Trait Anxiety
Inventory (STAI) was administered to make a quick
assessment of the participants’ mental state prior to
interacting with the system [17]. The Mini-Mental State
Questionnaire was also utilized to evaluate participants'
cognitive functioning [18].

A pulse oximeter was employed as a ground truth gold
standard to establish cardiac rhythms for each participant.
Moreover, ambient lighting conditions during each
session were measured using a commercial lux meter.
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Upon completion of interacting with the system,
participants were prompted to additionally fill out system
usability and acceptability questionnaires to provide
feedback on their experience with the system. For this
purpose, the System Usability Scale (SUS) [19] was
used to measure system usability aspects, and the User
Experience Questionnaire (UEQ) [20] was used to
evaluate user acceptance and overall experience.

During data acqusition, the participant is placed in front
of the mirror and interacts with the system through
automated audiovisual prompts for a predefined period
of 3 minutes. During this session, they are prompted to
perform various facial expressions and emotions and
their reactions along with their heart rate are recorded and
stored for further statistical analysis. Concerning
statistical analysis of the data, BPM wvalues are
categorized according to the emotion detected at each lux
level and for each session. The median bmp values, along
with the interquartile range (IQR), are computed across
iterations for each corresponding emotion. The pooled
BPM values and their respective IQRs are then ploted
based on the corresponding emotion and lux level in
Figure (2).

Institutional Review Board Statement

The study was conducted in accordance with the
Declaration of Helsinki. The study’s protocol was
approved by the Committee for Bioethics and Ethics of
the School of Medicine, Aristotle University of
Thessaloniki with the protocol number 303791/2024 in
the Committee sitting 133/17-12-2024 following the
application with the protocol number 286395/2024.

Informed Consent Statement

Informed consent was obtained from all subjects
involved in the study.

Results

Figure 2 illustrates the mean heart rate estimates across,
measured in beats per minute (BPM), under four (4)
lighting conditions (50, 350, 500 and 1000 lux). Each bar
corresponds to an emotion and encapsulates the
variability of heart rate values obtained across the six (6)
emotional states.

Preliminary results indicate that ‘Disgust” and ‘Happy’
emotional states tend to show relatively higher mean
heart rates, whereas ‘Sad’ state consistently exhibits the
lowest values. The IQRs indicate standard deviations,
suggesting some overall and moderate variability within
each state-condition combination. Concerning lighting
conditions, measurements taken under 350 lux present
less fluctuations compared to the rest, with measurements
taken under dark conditions (50 lux) presenting the
highest fluctuations.
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Figure 2. Distribution of heart rate estimates (BPM) across different
emotion classes in four distncit lighting settings. Each bar represents a
heart rate estimation and each color represents a light condition.
Interquartile ranges, indicated by the horizontal line inside the box,
represent the standard deviation. The plot highlightis individual
variability in heart rate stability and lighting induced noise.

Responses collected from questionnaires, although
positive, are insufficient to form any preliminary
conclusions, as they were collected from a single
participant, and this does not provide an adequate basis
for evaluating the system.

Discussion

The system demonstrated susceptibility to external
lighting conditions and motion artifacts, which resulted
in deviations in heart rate estimations from ground truth
values. Emotion recognition demonstrated variability in
heart rate for different emotional states with ‘Disgust’
and ‘Happy’ being the emotions that presented the
highest mean HR values and sad being the emotion that
demonstrated the lowest HR values. Preliminary results
concerning optimal lighting conditions for rPPG indicate
that the system demonstrated better stability under 350
lux lighting. Next steps include recruiting more
participants to evaluate the system, while constantly
working on refining the algorithms based on the collected
data.

Conclusion

The participant interacted successfully with the system,
providing valuable heart rate and emotion data.
Measurements under darker lighting conditions exhibited
greater variability in HR data compared to measurements
taken under room lighting conditions (350 lux). Motion
artifacts further increased those fluctuations. These
findings highlight the need for motion artifact
compensation techniques [21,22] as well as ambient
lighting filtering methods [10,23]. The positive reception
recorded from responses to the questionnaires was
insufficient to provide conclusions. Currently, we are
actively trying to recruit participants in order to form a
comprehensive dataset to validate the proposed system.

Keywords

Remote Health Monitoring, Biomedical Engineering,
Computer Vision, Healthy Aging, Sensors
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Abstract

Prostate cancer (PCa) remains a leading cause of cancer-
related mortality in men, necessitating improved
diagnostic methods. Traditional approaches, such as PSA
testing and biopsy, are invasive and prone to variability.
This study explores the integration of Al-driven
radiomics with the ADC ratio—a biomarker derived from
diffusion-weighted imaging—to enhance PCa diagnosis.
Utilizing a multicenter dataset of 207 prostate lesions, we
extracted 1246 radiomic features and applied ComBat
harmonization to mitigate scanner variability. Feature
selection methods, including Recursive Feature
Elimination (RFE) and Random Forest (RF), were
employed to optimize model performance. The
radiomics-ADC ratio model, combined with RFE and
RF, achieved superior diagnostic accuracy (AUC-PR:
0.92+0.04, F1 score: 0.86+0.04) compared to radiomics-
only and ADC-only models. Al-generated clinical reports
were developed to enhance interpretability, providing
actionable insights for clinicians. This study underscores
the potential of integrating radiomics with harmonization
techniques and simple biomarkers to improve non-
invasive PCa diagnosis, offering a robust, generalizable
approach for multicenter applications.

Introduction

Prostate cancer (PCa) is the second most diagnosed
cancer in men worldwide and a major cause of cancer-
related deaths [1]. Early detection significantly improves
survival, yet traditional diagnostic methods—digital
rectal examination (DRE), PSA testing, and TRUS-
guided biopsy—are invasive and prone to variability.
Multiparametric MRI (mpMRI) has emerged as a crucial
non-invasive tool, incorporating T2-weighted imaging
(T2w), Diffusion-Weighted Imaging (DWI), ADC maps,
and Dynamic Contrast-Enhanced (DCE) imaging to
improve lesion detection. However, PI-RADS, the
standardized mpMRI scoring system, still faces
challenges in accurately assessing tumor aggressiveness.
Radiomics, an Al-driven approach that extracts
quantitative imaging features, has shown promise in
addressing these limitations. This study integrates
radiomics with the ADC ratio—a simple, interpretable
biomarker calculated as the mean ADC of a lesion

divided by the mean ADC of contralateral normal
tissue—to enhance PCa diagnosis.

Multicenter studies are essential for validating ML
models but face challenges due to scanner variability.
ComBat harmonization mitigates such differences while
preserving biological signals, improving model
generalizability[2]. Feature selection methods, combined
with ML classifiers like Random Forest (RF) and SVM,
further optimize diagnostic performance.

This study evaluates the impact of radiomics-ADC ratio
integration, feature selection, ML classifiers, and
ComBat harmonization on PCa diagnosis within a
multicenter framework. By developing robust,
generalizable models, it aims to improve non-invasive
PCa detection and patient outcomes.

Materials and Methods

A multicenter dataset was used, comprising 207 prostate
cancer lesions (152 csPCa and 55 cinsPCa) from both a
private cohort and the publicly available PROSTATEx2
dataset. ADC maps were obtained from DWI sequences
with standardized preprocessing steps, ensuring
consistency across different scanner manufacturers. The
private dataset included cases from both 1.5T and 3T
scanners, while PROSTATEX2 consisted of standardized
imaging protocols with expert-verified lesion
annotations.

Radiomics features were extracted using Pyradiomics
following voxel resampling, intensity normalization, and
standardization. A total of 1246 radiomic features were
computed, encompassing first-order statistical measures,
shape and texture features (GLCM, GLRLM, GLSZM,
NGTDM). Additionally, ADC ratio was computed as the
mean ADC value of the tumor lesion relative to the mean
ADC value of the contralateral normal prostate tissue.
ComBat harmonization was applied to mitigate scanner-
induced variability, ensuring feature consistency across
datasets.

Prior to feature selection, dimensionality reduction was
performed. Low variance features were excluded using a
variance of 0.01 and multicollinear features were
eliminated using a Pearson correlation threshold of 0.85.
Subsequently, supervised feature selection was applied
solely to the training data to prevent data leakage. To
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retain only features correlated with the outcome, a
Wilcoxon rank sum test was performed with a
significance threshold of 0.1, allowing us to prioritize a
subset of features for further analysis. This approach
significantly reduced the number of features, facilitating
a more exhaustive feature selection. Additionally, a
clustered correlation heatmap was used to illustrate the
relationships among the features both with and without
the application of ComBat harmonization (Figure 1) after
dimensionality reduction process. Feature selection was
performed using filter, wrapper, and embedded methods,
including ANOVA, Boruta, Kruskal-Wallis, mRMR,
Recursive Feature Elimination (RFE), LASSO, Random
Forest variable importance (RF-imp) and Sequential
Feature Selection (SFS).

Machine learning classifiers such as RF, SVM, and
Boosted linear models (Boosted GLM) were trained
using nested stratified cross-validation to ensure
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robustness. The assessment of the models was performed
based on the Area Under the Curve Precision-Recall
(AUC-PR), which is more informative than AUC-ROC
because it focused on the performance of the positive
class, and F1 score, but other metrics were also
computed, including Balanced Accuracy, Precision and
Recall. Radar plots were created to find the most robust
and repeated features across different feature selection
methods and harmonization schemes.

Al-generated reports were developed to provide
explainability and interpretation based on model
predictions. These reports included probability estimates
for csPCa and cinsPCa and clinical recommendations
such as "Active Surveillance" or "Necessary Biopsy"
based on risk thresholds. The reliability of these reports
was assessed by comparing them to standard
radiological assessments.

Figure 1: Clustered correlation heatmap after dimensionality reduction without (left figure) and with (right figure)
ComBat harmonization

Results

The radiomics-ADC ., model, which combined RFE
and RF with ComBat harmonization, emerged as the
best-performing model. This approach achieved an AUC-
PR of 0.92+0.04 and an F1 score of 0.86+0.04. It
outperformed both the radiomics-only model (AUC-PR:
0.91+0.06, F1: 0.84+0.03) and the ADC-only model
(AUC-PR: 0.71+0.13, F1: 0.58+0.15).

The integration of radiomics features and the
ADCraiio provided supplementary information, capturing
both the complex textural characteristics of tumor
microarchitecture and the simpler quantitative measure
of tumor aggressiveness. This combination improved
diagnostic accuracy and robustness, particularly in
multicenter settings.

ComBat harmonization played a pivotal role in
enhancing model performance by addressing inter-

scanner  variability., The  harmonized models
demonstrated greater generalizability, as evidenced by
consistent improvements in metrics across test set.
Statistical validation using permutation testing confirmed
the significance of these findings. The radiomics-
ADC a0 model significantly outperformed the ADC-only
model (p=0.0339), while the difference between the
radiomics-ADCratio and radiomics-only models was not
statistically significant (p=0.2383). So, the inclusion of
the  ADCraio further  enhanced  the  radiomics-
ADCriomodel, establishing it as the overall most
effective approach.

A summary of the best-performing models, in
training/validation and test set is presented in Table 1.
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Table 1: Best models’ combinations across training/validation and test set

Feature selection + classifier + .
L AUC-PR Precision Recall F1
Cohorts harmonization scheme P-value
0.77 =
Radiomics Model 0.92+0.04 0.98+0.02 0.870.02
0.2744 0.02
- i 079+
Training/Cross- | o diomics - ADC ratiomodel |  0.92+0.04 0.95+0.03 0.86+0.04
validation Ref 0.06
cohort
0.73=
ADC ratio model 0.71%0.13 0.50%0.15 0.58%0.15
0.0002 0.16
Radiomics Model 0.79 0.2383 0.74 0.96 0.84
Radiomics = -
adiomics - ADC ratio model 0.82 Ref 0.77 0.72 0.74
Test cohort
ADC ratio model 0.72 0.0339 0.73 0.50 0.59
Feature importance analysis revealed that higher-order the most frequently selected across all feature selection
features derived from wavelet-transformed images were methods (Table 2).

Table 2: Frequency of the most selected features across all the feature selection algorithms with different harmonization
schemes

Feature Frequency (no ComBat) Frequency (with ComBat)
Wavelet HLH_glszm_LowGraylevelZoneEmphasis 5 3
Wavelet HLL_gldm_LowGraylLevelEmphasis 3 3
Wavelet_ HHH_firstorder_Kurtosis 2 2
These features captured subtle textural variations, as an ensemble method, excelled in handling high-
reflecting tumor heterogeneity and biological dimensional datasets by reducing overfitting through its
aggressiveness. Radar plots further emphasized the inherent averaging mechanism.
robustness of these features, which consistently To enhance the interpretability of radiomics-based
improved model performance. prostate cancer diagnosis, Al-generated clinical reports
The application of RFE as a feature selection method in were developed using ChatGPT. These reports aimed to
combination with RF classifiers proved highly effective. provide structured and automated interpretations of
RFE systematically removed less relevant features, model predictions, assisting clinicians in decision-
focusing on those with the greatest predictive utility. RF, making (Figure 2).
Al-Generated Clinical Report Al-Generated Clinical Report
Patient ID: Patient 37 Patient ID: Patient 12
Input: ADC Input: ADC
CSPCa Probability: 0.47 CSPcCa Probability: 0.94
CINSPCa Probability: 0.53 CINSPCa Probability: 0.06
Decision Suggestion: Active Surveillance Decision Suggestion: Necessary Biopsy
Model AUC-PR: 0.83 Model AUC-PR: 0.83
Patient 37 was assessed using an Al-driven radiomics model. Based Patient 12 was assessed using an Al-driven radiomics model. Based
on ADC imaging features. the model predicted a Active Surveillance on ADC imaging features, the model predicted a Necessary Biopsy
recommendation. The model achieved an AUC-PR score of 0.83, ensuring recommendation. The model achieved an AUC-PR score of 0.83, ensuring
high reliability. This decision is based on probability distribution and high reliability. This decision is based on probability distribution and
learned patterns in prostate cancer differentiation. learned patterns in prostate cancer differentiation.
Likelihood Probability (Patient 37) 10 Likelihood Probability (Patient 12)
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°
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cspea cinseca

cnseca

Figure 2: Al-generated clinical report
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Discussion
This study highlights the benefits of combining
radiomics features with ADC ratio to differentiate
between clinically significant (csPCa) and insignificant
prostate cancer (cinsPCa). The radiomics-ADC ratio
model, enhanced by feature selection, Al-generated
clinical reports, and ComBat harmonization,
demonstrated superior diagnostic accuracy (AUC-PR:
0.92+0.04, F1 score: 0.86+0.04) compared to radiomics-
only or ADC-only models.

ComBat harmonization effectively addressed scanner
variability, improving model generalizability across
multicenter datasets aligning with existent literature [3].
Recursive Feature Elimination (RFE) combined with
Random Forest (RF) emerged as the optimal approach,
underscoring the importance of ensemble methods in
high-dimensional data. Recent studies have shown that
RFE is a well-performed feature selection algorithm due
to its ability to perform an iterative refinement of the set
of features by sorting out the most informative variables
[4].

Higher-order features from wavelet-transformed images
were  consistently  selected, reflecting  tumor
heterogeneity and microarchitecture [5]. Future research
should integrate additional imaging modalities (e.g., T2-
weighted, PET) and clinical parameters to enhance
diagnostic precision. Al-generated reports improved
interpretability, supporting clinical decision-making.
This study underscores the value of combining radiomics
with harmonization techniques and biomarkers for robust
prostate cancer diagnosis.

Conclusion

In conclusion, the study showcases, the superior
performance of radiomics features combined with ADC
ratio, while applying ComBat harmonization and robust
feature selection, in diagnosing prostate cancer from
different centers. Combined, the radiomics-ADC ratio
demonstrated improved generalizability and diagnostic
performance, where wavelet features emerged as
significant biomarkers. These results further strengthen
the promise of integrating imaging biomarkers with
harmonization techniques toward the development of
reliable non-invasive clinical tools for prostate cancer.
These will undoubtedly need to be further honed and
tested in much wider clinical applications to more fully
achieve the generalization of results with broader clinical
impacts.
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OPTIMIZING RADIATION SAFETY IN CHRONIC TOTAL OCCLUSION
(CTO) PROCEDURES: DOSIMETRIC ASSESSMENT WITH AND
WITHOUT THE IMPLEMENTATION OF EGG NEST RADIOPROTECTIVE
SHIELDING
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Background

Cardiovascular diseases remain the leading cause of
mortality, with a higher incidence in males. As a result,
Interventional Cardiology has become increasingly
important, particularly in the treatment of Chronic Total
Occlusion (CTO)—a complete coronary artery blockage
causing significant ischemia and angina. CTO is
managed using a catheter-based approach via the femoral
or radial artery [1],[2], followed by guidewire navigation
and standard Percutaneous Coronary Intervention (PCI),
including balloon angioplasty and stent placement [3].
CTO-PCI has proven effective in relieving symptoms
and reducing antianginal medication in patients with
ischemia and myocardial hibernation [4]. However, the
procedure involves extended radiation exposure, as
indicated by elevated Air-Kerma values [5],[6].
Materials and Method

Radiation doses were measured using real-time, active
personal dosimeters worn by interventional cardiologists
and nursing staff, recording exposure every minute. This
approach enabled accurate assessment of radiation based
on role, exposure duration, and proximity to the source.
Measurements were taken before and after introducing
the Egg Nest shielding system under consistent
conditions. The Egg Nest mitigates scattered and leakage
radiation, reducing exposure for all personnel. Equivalent
Dose and Effective Dose (mSv) were calculated using
dosimeter data, adjusted by radiation and tissue
weighting factors. Estimated Cancer Risk (ECR) was
derived from Effective Dose using established risk
coefficients. Statistical analysis compared pre- and post-
shielding doses to determine effectiveness.

Results

The analysis confirmed a significant reduction in
radiation exposure across all personnel following Egg
Nest implementation, evidenced by decreased equivalent
and effective doses. This reduction translated into a lower
ECR, emphasizing the shielding’s efficacy in enhancing
occupational safety. The real-time dosimetry not only
validated these improvements but also revealed
procedural inefficiencies and sources of avoidable
exposure. These findings highlight the critical role of

1. Corewell

5. Davide

dynamic radiation monitoring and targeted protective
measures in optimizing long-term safety in interventional
cardiology.

Discussion

The results emphasize the need for continuous radiation
monitoring and improved protection strategies in
interventional cardiology. Real-time dose tracking
revealed exposure inefficiencies, leading to enhanced
safety protocols. The Egg Nest shielding significantly
reduced radiation, underscoring the value of ongoing
optimization to minimize long-term exposure risk.
Conclusion

Minimizing radiation exposure is vital to reduce long-
term risks in interventional cardiology. Ongoing
optimization of protection measures and innovative
shielding is key to safeguarding healthcare staff, with
future research needed to assess sustained effectiveness.
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Introduction

Stereotactic radiotherapy (SRT) and stereotactic
radiosurgery (SRS) are  highly precise radiation
treatment techniques used for the management of brain
metastases offering excellent local tumor control with
minimal impact on surrounding healthy tissues[1]. Two
linac-based techniques used for these treatments are
Volumetric Modulated Arc Therapy (VMAT) and
Dynamic Conformal Arc (DCA). VMAT enables highly
conformal dose distribution through continuous
modulation of the multi-leaf collimator (MLC), gantry
speed, and dose rate, potentially enhancing dose
conformity and sparing organs at risk (OARs). In DCA,
both the gantry speed and dose rate remain constant,
while the MLCs adjust slightly to match the shape of the
target for each gantry angle. The dose distribution of the
DCA plan is usually not as conformal as that of the
VMAT plan. Therefore, performing optimization of the
DCA plan (optDCA) can potentially enhance dose
conformity[2]. This study aims to evaluate and compare
the plan quality metrics, dosimetric parameters and the
delivery efficiency for single brain metastases SRS/SRT
plans for VMAT and optDCA techniques.

Material and methods

Ten patients with a single brain metastasis who were
previously treated with VMAT techniques using an Edge
linac were retrospectively randomly selected. New
optDCA plans were generated using the same geometry
and energy (6 flattening filter free (FFF) with dose rate
1400 MU/min) such as the original VMAT using the
treatment planning system (TPS) Eclipse (version
15.6.06). The optDCA plans were optimized utilizing
parameters that limit the modulation of the plan, such as
aperture shape controller and MU objective. Paddick
conformity index (PCI), gradient index (GI), number of
Monitor Units (MU) and brain Vi206ywere recorded for
each plan. Gamma Passing Rates (GPR) were calculated
for the criteria of 3%/1mm and 5%/1mm dose difference
and distance-to-agreement, respectively. These indices
were statistically assessed to evaluate differences

between VMAT and OptDCA. Statistical analysis with
non-parametric Wilcoxon signed rank test was
performed.

Results

No statistically significant difference between the two
techniques was found for GI (p = 0.726), GPR [3%/1mm
(p =0.507), 5%/1mm (p = 0.917)], V12 (p = 0.646), and
V20 (p = 0.678). However, a statistically significant
difference was observed for PCI (p = 0.005) and MU (p
= 0.028), suggesting that VMAT demonstrated superior
conformity however requiring a higher number of MU
compared to OptDCA.

Discussion

In this study, it was observed that the VMAT technique
offers better PCI compared to OptDCA, which is
expected due to the higher modulation of the MLCs.
However, OptDCA requires fewer MU due to the smaller
modulation of the beam and lower complexity. OptDCA
seems to be a promising technique for single brain
metastasis SRS/SRT. Future steps will involve the
evaluation for its further implementation in multiple
metastases cases.

Conclusion

Both techniques generate clinically acceptable plans with
comparable dosimetric parameters. The optDCA
technique provides similar plans to the VMAT technique
with less complexity and shorter treatment delivery time.
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Introduction

Nanotechnology has significantly advanced in recent
years, enabling important applications in clinical
diagnostics, particularly in medical imaging. The use of
nanoparticles (NPs) as contrast agents has emerged as a
promising alternative to traditional agents, aiming to
improve both sensitivity and specificity in imaging
techniques.

Materials and Methods

This literature review focuses on studies published in the
past decade, highlighting key applications of
nanoparticles in various imaging modalities such as
Magnetic Resonance Imaging (MRI), Computed
Tomography (CT), Positron Emission Tomography
(PET), Single Photon Emission Computed Tomography
(SPECT), ultrasound, and optical imaging. Particular
emphasis was given to each nanoparticle category's
types, mechanisms of action, and physicochemical
properties.

Results

In MRYI, iron oxide-based nanoparticles have been widely
used as T2 agents, demonstrating notable
biocompatibility and magnetic properties. Gadolinium-,
manganese-, and gold-based nanoparticles have also
been explored, showing improved image enhancement
and reduced toxicity. In CT, gold, bismuth, and
superparamagnetic iron oxide nanoparticles (SPIONs)
serve as efficient contrast agents due to their high atomic
number and X-ray attenuation.  Furthermore,
nanoparticles are increasingly utilized in PET, SPECT
ultrasound imaging, and novel modalities such as optical
imaging.

Discussion

The multifunctional nature of nanoparticles allows for
multimodal imaging and potential integration of
therapeutic agents (theranostics). While their advantages
are considerable, including increased specificity,
prolonged circulation time, and lower toxicity,
limitations such as biocompatibility, clearance, and
regulatory challenges persist.

Conclusions

Nanoparticles represent a transformative advancement in
medical imaging. Their role as contrast agents is
expanding, with promising prospects in personalized
diagnostics and therapy. Further research is essential to
overcome current limitations and fully realize their
clinical potential.
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DOSIMETRY IN NON-STANDARD FIELDS OF 1.5T MR-LINACS:
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Introduction

In small and non-standard field dosimetry in MR-Linac
systems, the TRS-483 code-of-practice needs to be
extended to account for potential changes in the
detector’s response associated with the presence of the
strong magnetic field [1]. Optically Stimulated
Luminescence (OSL) dosimeters are excellent candidates
for Quality Assurance procedures and remote audit tests
in MR-linacs [2]. The aim of this study is to implement a
Monte Carlo based framework for the determination of
the relevant correction factors for two commercially
available Optically Stimulated Luminescence (OSL)
dosimeters under non-standard irradiation fields.

Materials and Methods

Gantry 0°
B® F,_
Y

@

nanoDots™

Coronal Axial
Figure 1: The two commercially available OSL dosimeters
modelled in EGSnrec. The two detector orientations with respect
to the magnetic field are defined.
The EGSnrc V2019 Monte Carlo software package was
employed throughout this study. Phase space files for two
clinical fields (i.e., 3x3 and 2x2 cm?), fum, and the
machine-specific reference 10x10 cm? field, fins, of the
Unity 1.5T/7MV MR-Linac (Elekta, UK) were provided
by the vendor and used as the source models. The
nanoDots™ (Landauer Inc., USA) and the myOSLchip™
(RadPro International GmbH, Germany) commercially
available dosimeters were considered in this study. They
comprise active volumes made of Al,O3 (disk of Smm in
diameter and 0.2mm thick, density p=1.41g/cm?) and
BeO (square disk of 4.65x4.65mm? and 0.5 mm thick,
density p=2.85g/cm?), respectively.
Both detectors were modelled according to blueprints
provided by the corresponding manufacturers (Figure 1).
OSL dosimeters were simulated at a depth of Scm inside
an RW3 (PTW, Germany) solid phantom. The magnetic
field was always perpendicular to the irradiation beam
and parallel to the treatment couch. Gantry angle was

fixed at 0°. Two detector orientations were considered:
(i) coronal and (ii) axial (Figure 1). The correction factors
were determined as the field output factor multiplied by
the ratio of detector readings under the i and fein field

in the presence of the static magnetic field B, i.e., [3,4]:
Brfclin DBrfmsr

kB;fﬁlin;fmsr — w,Qclin det,Qmsr
QclinQmsr DB,fmsr B.fclin
W,Qmsr det,Qclin

Results
The calculated magnetic field correction factors are
presented in Table 1.

Table 1: Magnetic field correction factors k57 cim/msr for the

Qclin,Qmsr

two OSL detectors and both orientations. Overall combined
uncertainties at 68% confidence level are given in the
parentheses.

Nominal field size

2
OSL OSL (em)
dosimeter dosimeter 3x3 2x2
type orientation
™ coronal 1.017(6)  1.016(6)
nanoDots axial 1.012(6)  0.995(6)
™ coronal 1.008 (6)  1.018(6)
myOSLchip axial 1.002 (6) _ 0.994 (6)
Conclusion

A set of correction factors for two commercially
available OSL detectors were determined, enabling more
options for experimental dosimetry, Qaulity Assurance
procedures and remote audit tests in non-standard MR-
linac irradiaiton fields.
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Abstract

Deep learning image reconstruction algorithms in
medical imaging reduce radiation dose and improve
image quality, by employing artificial intelligence. The
aim of this study was to investigate the effect of the deep
learning image reconstruction algorithm, Advanced
intelligent Clear-IQ Engine (AiCE), integrated into
Aquilion ONE Prism (Canon Medical Systems) CT
scanner on radiation dose and image quality in CT
examinations.

Materials and Methods

A cylindrical TOS-SS phantom was used for data
acquisition. The phantom was scanned using the
Aquilion ONE Prism CT scanner at 6 different dose
levels by modifying the tube current
(100/200/300/400/500/600  mA).  Images  were
reconstructed using AiCE (Standard level), FBP, and
AIDR-3D algorithms. CTDIvol and DLP were recorded
from dose report and effective dose (ED) was calculated.
Parameters such as noise (SD), signal-to-noise ratio
(SNR), and contrast-to-noise ratio (CNR) were
calculated for image quality evaluation.

Results

Effective dose ranges from 1.25 to 7.80 mSv. In
comparison with the FBP algorithm, the noise reduction
in AIiCE images ranged from 34.72% to 39.72%,
depending on the x-ray tube current, while in the case of
the iterative reconstruction algorithm AIDR-3D, the
reduction varied from 32.50% to 36.63% (Table 1). The
SNR and CNR values were comparable in both AiCE and
AIDR-3D images, while both parameters were higher
compared to the FBP images (Figure 1).

Conclusion

The use of deep learning image reconstruction algorithms
can reduce image noise, especially at lower doses, while
improving image quality by increasing the SNR and CNR
parameters. Additional measurements at lower exposures
(<100 mA) are needed to explore the behaviour of AiCE
algorithmon on radiation dose and image quality.
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Table 1: Noise reduction (%) using AiCE and AIDR-3D
algorithms compared to the FBP, for six different x-ray
tube current values.

21-231512025
Abrva | EMada

Noise Reduction (%)

Algori- 100 200 300 400 500 600
thm mA mA mA mA mA mA
AICE 3972 3670 3473 3550 3472 3557
AI;I))R' 3663 3441 3254 3287 3314  32.50
300 mA

FBP

Acrylic - SNR

26.67 [ 17.28 [ 27.32
Acrylic - CNR

18.57 | 11.97 | 1832

Figure 1. Reconstructed images acquired at 120 kVp and

300 mA using the AiCE, FBP, and AIDR-3D algorithms,

respectively, along with the corresponding SNR and

CNR values for the acrylic region of interest.
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Introduction

Aggregation-induced emission (AIE) molecules are at
the forefront of research as they present unique optical
properties. These molecules in their aggregate state
present enhanced emission and can be utilized in
bioimaging applications [1]. Curcumin and quercetin are
two natural substances that have been actively studied as
anticancer agents. It has been proven that these
molecules, upon encapsulation in  polymeric
nanoparticles, can be stabilized and enhance their
emission. In this study, the synthesis and self-assembly
study of an amphiphilic copolymer was carried out.
Encapsulation of curcumin and quercetin was performed.
Stability and physicochemical studies, and preliminary
biocompatibility tests proved the successful formulation
of nanocarriers [2].

Materials

Linear and statistical amphiphilic copolymers of
poly(oligoethylene glycol methylether methacrylate-co-
methyl methacrylate), P(OEGMA-co-MMA), were
synthesized in varying comonomer ratios by controlled
polymerization. Self-assembly studies were carried out in
water. Curcumin and quercetin were loaded in the
polymeric nanocarriers while preliminary
biocompatibility was tested via the addition of fetal
bovine serum in all copolymer-drug solutions.

Methods

Copolymer synthesis was carried out by reversible
addition  fragmentation chain transfer (RAFT)
polymerization and confirmed with the Size Exclusion
Chromatography (SEC), Proton Nuclear Magnetic
Resonance Spectroscopy ('H-NMR), and Attenuated
Total Reflectance (ATR)-Fourier Transform Infrared
(FTIR) Spectroscopy. Nanoformulations were prepared
with the co-solvent protocol and studied with Dynamic
Light Scattering (DLS), Electrophoretic Light Scattering
(ELS), Fluorescence (FS), and UV-Vis Absorption
Spectroscopy (UV-Vis).

Results
Copolymer characterization proved the successful
synthesis of the materials with low polydispersity

indexes. Self-assembly studies revealed the formation of
nanoaggregates for all copolymers in water. The
maximum encapsulation efficiency that was achieved for
curcumin was 54%, and 49% for quercetin. The
nanosystems proved to be stable for 20 days.
Photophysical characterization confirmed the AIE
phenomenon. FBS assays also showed no interaction
between the nanocarriers and the proteins.

Discussion

MMA and OEGMA are two well-known and
biocompatible monomers. The hydrophilic properties of
OEGMA comonomer and the hydrophobic ones of MMA
resulted in the self-assembly of the synthesized
copolymers in water and the creation of nanoaggregates.
The hydrophobic drugs were encapsulated in the
hydrophobic domains of these nanostructures. Due to the
entrapment of the drugs, the aromatic rings of these
molecules were stabilized and aggregated, therefore the
AIE phenomenon was observed.

Conclusions

Herein, we focused on the synthesis and self-assembly
properties of these novel copolymers as well as on
encapsulation studies for the drug molecules, which also
show photophysical properties.
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Introduction

In radiotherapy Golden Beam Data (GBD) consist of
measurements like Percentage Depth Dose (PDD), beam
profiles, and output factors for various field sizes and
energies, obtained under standardized conditions
representing a “reference” linear accelerator (LINAC).
The aim of this work is to assess the impact that the
differences between measured data and GBD may have
on the dosimetry of radiotherapy treatment plans.

Materials and Methods

The clinical aspect of the use of GBD was examined via
the comparison of Dose Volume Histograms (DVH) for
Planning Target Volumes (PTVs) and Organs At Risk
(OARs) for 69 patients of different treatment sites (24
lung, 15 breast, 15 prostate and 15 head and neck cancer
patients) based on Normal Tissue Constraint Guidelines.
Originally delivered treatment plans of Attikon’s two
LINACs (VBI, VB2) were recalculated using the
Anisotropic Analytical Algorithm (AAA) for the
simulated LINAC (VB3) and dose related parameters
were analyzed and compared.

Results

The differences between VBI and VB2 were
insignificant (Fig. 1), a fact that confirms the equivalence
of the LINACS. Furthermore, comparison with the VB3
showed differences in volumetric DVH parameters (Fig.
2).

Conclusion

While GBD provides a standardized approach to beam
modeling, measured data could ensure increased
accuracy, reducing possible dosimetric uncertainties.
Careful wvalidation of beam data selection is
recommended to optimize clinical treatment quality.

Site Structure DVH Parameter VB1-VB2 Initial-VB3
Lung PTV Dyse; 0,0338 0,0379
Vs 1,0001 6,1672
Lungs Dinean 0,027 3,15
Vo 4,6295 5,622
Spinalcord Dpax 0,154 2,148
Esophagus Drnean 1,637 2,366
Vs 1,0603 4,6745
Vao 1,0317 9,8111
Heart Va5 0,304 2,8106
Veo 0,2147 2,4445
Breast PTV Dosss 0,0209 0,0336
Vos 0,2072 11,1669
Lungs Dinean 0,117 1,844
Vg 0,8635 0,6787
Vs 0,1346 0,7213
Vs 0,7808 3,3583
V; contra 0,9889 1,389
LAD Dinax 0,232 8,885
Dinea 0,177 2,04
Breast contra  Dyean 0,015 0,244
Spinalcord Diax 0,21 0,402
Heart Dinea 1,203 0,528
\ 0,2976 0,0948

Figure 1. Average dose differences between VB1-VB2
and initial machine-VB3 for treatment sites of lung and
breast. The largest differences are highlighted.
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Figure 2. DVH curve comparison of a prostate plan

calculated in VB1(m points) and VB3( A points).
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Introduction

Effective shielding in radiation therapy is crucial to
protect staff and the public from harmful radiation.
Linear accelerators produce high-energy beams that can
penetrate walls, making proper shielding design
essential. Shielding calculations determine barrier
thickness based on radiation type, energy, and exposure
conditions. Designing these shields must balance safety,
cost, and space. Existing methods often prioritize dose
estimation, but they tend to be complex and expensive,
making them less accessible for smaller departments.
This study aims to develop a user-friendly software tool
for simplifying shielding calculations for radiotherapy
rooms with linear accelerators, offering an accessible
solution for radiation protection planning.

Materials and Methods

The "Radiotherapy Infrastructure Shielding

Calculations" (RISC) software, developed in MATLAB,
allows users to calculate shielding thicknesses without
needing MATLAB installed. It features a user-friendly
GUI with separate interfaces for primary and secondary
barrier calculations. The primary barrier interface
includes tabs for primary radiation, patient scattered and
leakage radiation, IMRT techniques, and shielding cost.
The secondary barrier interface offers tabs for scattered
and leakage radiation, IMRT techniques, and shielding
cost. RISC uses NCRP 151! methods to compute barrier
thickness with concrete (density: 2.35 g/cm?) for photon
energies ranging from 4 to 30 MV. The software also
estimates the cost of radiotherapy rooms with linear
accelerators, supporting both conventional and IMRT
techniques, and includes instantaneous dose rate (IDR)
calculations. It comes with two supporting files: a
"Terminology" document that defines the parameters and
a "User's Manual" for detailed guidance.

Results

Methodist Hospital of Willowbrook? and the Elekta
Infinity at the University Hospital of Patras>.
Discussion

The RISC software simplifies shielding calculations for
primary and secondary barriers in radiotherapy rooms
with linear accelerators, providing detailed and efficient
results. Future updates will expand its capabilities to
include various radiation treatments (IMRT, IGRT,
VMAT, TBI), radiotherapy machines (gamma knife,
cyber knife, Co-60), radiation types (photons, protons,
electrons), and shielding materials (heavy concrete,
steel, lead, earth, wood, BPE). Additional features will
include calculations for maze door, skyshine, and
groundshine  radiation, along with  graphical
representations of barrier thicknesses. RISC is also a
valuable educational tool for graduate students and
medical physicists learning shielding calculations.
Conclusions

The RISC software is user-friendly, providing fast and
accurate shielding thickness and cost calculations for
primary and secondary barriers in radiotherapy rooms
with linear accelerators using conventional or IMRT
techniques. Validated against NCRP 151 examples and
previous shielding reports, it is freely available online as
a standalone application. With an intuitive GUI, RISC
simplifies input parameter selection, making it useful for
graduate education and assisting medical physicists in
planning new radiotherapy facilities. As an open project,
it will be periodically updated with new features,
including additional treatments, machines, shielding
materials, and specialized calculations for skyshine,
groundshine, and maze door shielding.
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DIFFERENT MRI FIELD STRENGTHS AND THE IMPACT OF
HARMONIZATION TECHNIQUES

D. Samaras*, G. Agrotis**, A. Vamvakas***, M. Vakalopoulou**** M. Vlychou*****,
K. Vassiou™**** 'V Tzortzis****** [ Tsougos**#**#*

* University of Thessaly and Archimedes, Athena Research Center, Larissa, Greece, ** Netherlands
Cancer Institute, Amsterdam, Netherlands, *** University Medical Center, Amsterdam,
Netherlands, **** CentraleSupelec, University Paris-Saclay and Archimedes, Athena Research
Center, Paris, France, ***** Department of Radiology, University of Thessaly, Larissa, Greece,
*ascksk Department of Urology, University of Thessaly, Larissa, Greece, ******* Medical Physics
Department, University of Thessaly, Larissa, Greece

dimitsamaras@uth.gr, g.agrotis@gmail.com, alek.vamv(@gmail.com,
maria.vakalopoulou@centralesupelec.fr, mvlychou@uth.gr, avassiou@uth.gr, vtzortzis@uth.gr,
tsougos@uth.gr

Introduction

Radiomics analysis of prostate cancer (PCa) relies on
MRI-derived quantitative features. Variations in
magnetic field strength introduce scanner-related
variability, potentially affecting feature stability. This
study evaluates the robustness of radiomic features and
the effectiveness of ComBat harmonization in mitigating
field strength effects.

Material and Methods

We analyzed 207 PCa lesions (152 clinically significant,
55 insignificant) from local and PROSTATEx2 [1]
datasets. Features were extracted from Original,
Gradient, LoG, and Wavelet images. ComBat
harmonization was used to address multicenter
variability [2]. Stability across 1.5T and 3T MRI was
assessed using p-values and Cohen’s d. Normality was
tested via Shapiro-Wilk; comparisons used t-tests or
Mann-Whitney U accordingly. Effect sizes were
interpreted as large (d > 0.8), small (d < 0.2), with
significance at p < 0.05.

Results

Before ComBat harmonization, Wavelet features had the
highest number of statistically significant differences
(599), followed by LoG (209), Original (88), and
Gradient (73), indicating substantial variability due to
field strength effects. LoG-derived features exhibited the
highest stability, whereas Gradient and Wavelet-derived
features were the most unstable, demonstrating
significant shifts. Applying Combat normalization
dramatically improved stability by reducing the number
of statistically significant features to 152 (Wavelet), 11
(LoG), 5 (Original), and 3 (Gradient).

Discussion

These findings emphasize the need for careful feature
selection in radiomics studies [3]. The results suggest that
Combat normalization is a good approach for

harmonizing MRI-derived features across different field
strengths. The high instability observed in Wavelet and
Gradient features highlights the importance of
considering scanner effects when selecting radiomic
biomarkers.

Conclusion

ComBat harmonization enhances feature stability across
MRI field strengths, supporting its application in multi-
center radiomics studies. Future research should explore
additional harmonization techniques to further improve
reproducibility.
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Introduction

Patient Specific Quality Assurance (PSQA) is a standard
procedure used to compare the calculated distribution
with the delivered one. For this purpose, Gamma Passing
Rate (GPR), Dose Difference (DD) and Distance to
Agreement (DTA) metrics are commonly used. This
study aimed to identify parameters syste-matically
associated with low GPR values in VMAT and IMRT
treatment plans for Head & Neck, Prostate, Lung and
Breast cancer patients.

Materials & Methods

Radiotherapy treatment plans were categorized as “Low”
or “High” GPR using institution-specific Tole-rance and
Action Limits. Geometry and dose related metrics such
as Plan Averaged Beam Area (PA), Edge Metric (EM)
and Dose Rate (DR) among others were calculated and
assessed for various treatment sites and irradiation
phases. Correlation and statistical analyses were
performed against GPR values, using the 3%/2mm and
2%/2mm DD/DTA criteria.

Results

Although no strong correlations were found, site- and
irradiation phase-specific trends were observed. Statisti-
cal comparisons between “Low” and “High” GPR groups
showed statistically significant differences in ce-rtain
metrics values. ROC analysis and scatter plots suggested
potential threshold values for metrics that could help flag
plans more likely to fail.

HIGH
Low
-

R i L I )

GPR (2%/2mm)

EM (1/mm)

Figure 1. Scatter plot of EM which reflects the aperture
complexity. Head & Neck low risk irradiation phase.

Table 1: ROC & Spearman’s analysis for EM as a
predictive metric for identifying low GPR plans.

Statistic Value
Cutoff Point 0,119 mm’!
Low GPR plans above cutoff 11/11
Sensitivity 0,440
Specificity 1
Positive Predictive Value 1
Area Under Curve (AUC) 0,702
ryagainst GPR (2%/2mm) / p-value ~ -0,402 / 0,004

Conclusion

Correlation analysis revealed the direction of impact for
several parameters. Further subcategorization of
treatment plans, not only by treatment site but also by
irradiation phase, revealed stronger correlations and
clearer trends. It was observed that some parameters-
although negatively affecting plan’s deliverability
(PSQA GPR value) might be compensated for by others
with a positive impact, thereby weakening the observed
correlations. Thus, further research and potentially
further sub-categorization based on metrics’ values may
provide insights towards better understanding of
deliverability’s fluctuations.
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Introduction

Recent breakthroughs in medtech and radiopharma
engineering have ushered in a new era of Nuclear
Medicine-based personalized diagnosis and treatment.
Theranostics, combining targeted radionuclide therapy
with precise diagnostic processes, epitomizes precision
care, promising long-term survival and cure within a
multidisciplinary framework. While not a new concept,
new tracers and advanced imaging systems have
unlocked novel clinical strategies, offering advanced
tools for targeted therapy and monitoring. In theranostics,
patients are not imaged solely to detect metastatic disease
but also to determine whether cancer cells express a
specific therapeutic target, aiming a high therapeutic
index with efficacy markedly surpassing toxicity. This
work aims to present the theranostic pathway's
conceptual framework and provide clinical evidence for
its efficacy in neuroendocrine tumors (NETs) and
prostate cancer.

Building a personalized treatment strategy

The fundamental principle of theranostics involves
creating pharmaceutical targeting ligands that bind
specifically to overexpressed biomarkers unique to each
type of cancer (fig.1). Neuroendocrine tumors (NETSs)
overexpress somatostatin receptors (SSTRs), targeted by
SSTR-ligands which are labeled with ®*Ga for PET/CT
imaging and !"Lufor therapy. Similarly, prostate
tumors, overexpressing prostate-specific membrane
antigen (PSMA), are imaged using '®F- or ®Ga-PSMA,
and treated with '""Lu-PSMA [1-2].

Advanced radiopharmaceutical engineering is required to
produce a ligand that, on one end, perfectly matches the
overexpressed biomarker and, on the other end, can be
bound to different radionuclides through a linker
chemical compound. Recent advances in cyclotron
technology have given access to different PET/CT
isotopes and have expanded the range of theranostic
applications. Once the hot-radioactive isotope has been
produced, sophisticated synthesis systems are employed
to chemically bind the isotope (hot part) with the linker-
ligand pair (cold part) and formulate the end theranostic
product for imaging purposes

Modern PET/CT scanners, with advanced reconstruction
algorithms, AI technologies, and ultra-sensitive
detectors, leverage theranostic tracers in clinical practice.
These systems enhance diagnostic confidence with sub-
2mm spatial resolution and exceptional small lesion
detectability, operating at low scan times and radiation
doses, empowering physicians to 'treat what they see.'
Post-therapy, patients are monitored using state-of-the-

art SPECT/CT scanners, enabling doctors to 'see what
they treat' Advanced Al-powered dosimetry tools
evaluate the radiotoxicity in sensitive organs to
determine whether to continue, modify, or discontinue
treatment.
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Figure 1. The development process of a
theranostic tracer

Radionuciide Linker

The prostate Ca paradigm

Figure 2 shows the theranostic pathway of a 78-year-old
prostate cancer patient with biochemical failure. The
patient was imaged with 8 mCi of 18F-PSMA using a GE
HealthCare OMNI Legend 32 PET/CT scanner (total
time, 8 mins) to determine eligibility for 177Lu-PSMA
therapy. Multiple metastatic lesions were detected, and
220 mCi of 177Lu-PSMA were administered in the first
cycle. At 24 hours post-treatment, imaging with a CZT-
based system (Discovery 870 CZT, GE HealthCare) was
performed to monitor treatment and conduct dosimetry,
assessing doses to critical organs and comparing against
toxicity levels. All pathological lesions shown on
PET/CT absorbed the Lu-PSMA, indicating a highly
personalized treatment strategy.

F18-PSMA - PSMA Lul77 - PSMA

Figure 2. An example of
advanced theranostics

Discussion

In the era of precision care, NM-theranostics require
multidisciplinary advanced technology synergies to
deliver great therapy outcomes.
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Introduction

While X-ray (XR) remains the frontline modality for
assessing chest pathology, published evidence indicates
that the 3D nature of CT imaging provides enhanced
diagnostic confidence and increased clinical value.
Taekker et al. reported that Ultra-low-Dose CT (ULDCT)
is more sensitive than XR for detecting pneumonia and
pneumothorax, and equally accurate for diagnosing
cardiogenic pulmonary edema and pleural effusion [1].
Kroft et al. highlighted ULDCT's value, showing a 20%
reduction in false-positive and false-negative XR results
[2]. Gheysens et al. (2022) demonstrated ULDCT's
efficiency in detecting solid lung nodules (> 50 mm?) in
lung cancer screening, regardless of patient size [3].
Despite the significant advantages of CT imaging over
XR, the radiation dose burden remains a matter of
concern. A novel deep learning-based image
reconstruction (DLIR) algorithm, Truefidelity™ (TF),
has been recently introduced in GE HealthCare CT
systems, featuring a DNN trained with high quality FBP
datasets to learn how to differentiate noise from signals,
and to intelligently suppress the noise without impacting
anatomical and pathological structures. The objective of
this study was to investigate whether the implementation
of TF on a GE HealthCare Revolution APEX CT scanner
can reduce thorax CT radiation doses to XR levels, while
preserving the superior diagnostic quality inherent to 3D
CT imaging over planar imaging.

Methodology

A series of scans with varying exposure parameters (kV,
pitch), DLIR strengths (low, medium, high), and edge
enhancement filters (E1-E3) were conducted on a 39.7
cm chest region of a CT whole body phantom (PBU-60,
Kyoto Kagaku). All scans used a fixed current of 10 mA,
keeping CTDIvol below 0.3 mGy. Image quality was
subjectively evaluated based on the “European
Guidelines on Quality Criteria for Computed
Tomography”, and the top-ones qualified for objective
1Q evaluation based on Contrast-to-Noise (CNR) metrics
and dose-independent figures of merit (FOMs). To this
end, regions of interest (ROIs) of 0.5 cm? were drawn
bilaterally in the anterior, middle, and posterior lung
parenchyma of the Kyoto phantom, to measure
CTlung,mean (HU) and SDlung. Similar ROIs were
placed in the right inferior pulmonary vein and left
ventricle to assess CTpv and CTheart, respectively. The
parameters yielding the best combination of subjective

and objective image quality (IQ) were assessed, and then
applied in clinical practice.

Results

For lung parenchyma imaging, helical acquisitions
obtained at 140 kV, 10 mA, with a pitch of 1.375 and
reconstructed at 0.625 mm slices with TF at high strength
provided the highest CNR and recorded a top-5
performance on the dose-independent FOM. These scan
parameters resulted in a striking 0.2 mGy CTDIvol,
reducing the radiation risk to an effective dose of 0.117
mSv. For mediastinum imaging, axial scans at 120 kV,
10 mA reconstructed at 0.625 mm slices with TF at high
strength demonstrated the top performance at 0.21 mGy
CTDIvol, and an effective dose of 0.12 mSv.

Discussion

DLIR reconstructed images provide enhanced 3D
diagnostic insights, reaching the global mean effective
dose of a complete chest X-ray (UNSCEAR) and
reducing lung CT radiation risk below the mean effective
dose of a planar chest X-ray in Greece (0.13 mSv).

Conclusions

Deep learning has enhanced diagnostic confidence by
providing much richer information to doctors reviewing
chest images with the 3D data of CT at dose levels
comparable to 2D imaging. While ending the trade-off
between dose and image quality is challenging, ongoing
research promises a bright future in CT imaging.
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Introduction

Cerebral aneurysms affect 0.5-6% of the population,
with 31-35% located in the anterior communicating
artery (ACoA), exhibiting a higher rupture risk. Rupture
can lead to severe complications and even death.
Hemodynamic factors, especially wall shear stress
(WSS), are strongly linked to aneurysm formation,
progression, and rupture [1], [2]. Clinical challenges in
prognosis, treatment, and rupture risk assessment serve
as the main motivation for this study, which aims to
identify hemodynamic and geometric parameters related
to the formation of ACoA aneurysms through
computational fluid dynamics (CFD).

Methods

Three-dimensional models of the ACoA region were
reconstructed from time-of-flight magnetic resonance
angiography images of seven healthy individuals and
seven patients with ACoA aneurysms [3]. Blood flow
was modeled as laminar and Newtonian with a density of
1060 kg/m3, and viscosity of 0.0035 Pa-s. Boundary
conditions included rigid and non-slip walls, zero
pressure conditions at the outlets and both steady and
transient velocity at the inlets [2]. The primary
hemodynamic parameters analyzed included wall shear
stress (WSS) and static pressure. Statistical analysis of
the results was also performed. The workflow of the
study is shown in Fig. 1.

Geometry
Reconstruction

CFD Analysis )
o

Receive TOF-MRI Mesh

data Generation
M
& g0

Figure 1. Workflow of the study.

Statistical
Analysis

Results

The results demonstrated statistically significant lower
WSS values in the aneurysm area compared to the
corresponding area in healthy models, as is shown in Fig.
2a where the time-averaged WSS (TAWSS) in the case

of transient flow is presented. Among the geometric
parameters, only the angle between the segments Al and

A2 of the anterior cerebral artery (ACA) showed
statistical significance, with a smaller angle correlating
with aneurysm presence. Statistical correlation analysis
of hemodynamic and geometric parameters of the
aneurysms showed that the left angle between Al and A2
is positively related to WSS (Fig. 2b), indicating the
effect of parent artery anatomy on the hemodynamics of
the aneurysms.

TAWSS (Ps)

WSS - Left Angle ACA-A1/ ACA-A2

Figure 2: a) TAWSS contour plots b) correlation of left
angle ACA-A1/A2 with WSS in steady-state flow.

Conclusions

A statistically significant difference was found between
the two groups in WSS and the angle between the Al and
A2 segments, highlighting key factors in aneurysm
formation. These findings may enhance early detection
and inform treatment strategies.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of
mortality globally, primarily driven by atherosclerosis.
Drug Eluting Balloons (DEBs) offer an emerging
alternative to stents by delivering antiproliferative agents
without leaving permanent implants.

Materials and Methods

Seven swine coronary arteries were reconstructed using
inSilc software from Optical Coherence Tomography
(OCT) and angiography data. A detailed mesh was
created for both the balloon and arterial wall using
ANSYS. The balloon was modeled as a linear elastic
polyamide structure (Grilamid L25[1]), while the artery
was assigned Mooney-Rivlin hyperelastic properties.
Simulations included folding and pleating, followed by
balloon deployment using clinically pressure profiles
(0.8-1.2 MPa [2]). Frictional coefficients (u=0.2) were
considered between the balloon and the arterial wall.

Table 1: The mechanical properties used.[1], [3]

Geometry  Parameter  Value

Young’s

Modulus 1100 (MPa)
Balloon Poisson 0.4

ratio

Density 1010 (Kg/m?)

Cio 0.7 (MPa)
Artery Cor 4.5 (MPa)

Dy 0.0003 (1/MPa)

2,0539 Max
1,0257
1,5973
1,3693

1141
091284
0,68263
045642
0,22021

0 Min

Figure 1: The Von mises stresses distirbution.

Results

Simulations showed consistent performance in luminal
expansion without excessive stress on the arterial wall.
Maximum stress remained below 2.5 MPa. The DEB’s

compliance matched the manufacturer’s chart. Stress
distribution analysis indicated that stenosed regions
experienced the most mechanical remodeling. Strain
values remained within physiological tolerance, with no
simulated tissue rupture or delamination.

3
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~

Artery Stress (MPa)
-

Figure 2: The max Von Mises stress in all cases.
Conclusion

The in silico deployment framework effectively assessed
the Everolimus DEB's performance in realistic coronary
artery models. Results highlight its safety and mechanical
reliability for Percutaneous Transluminal Coronary
Angioplasty (PTCA).
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Introduction

Cardiovascular disease (CVD) remains the leading cause
of death worldwide [1]. This work synthesizes findings
from nine independent studies employing machine
learning (ML) to predict major CVD-related outcomes,
including myocardial infarction (MI), stroke, heart
failure (HF), atrial fibrillation (AF), and peripheral
vascular events, over 5-20 follow-up periods.

Materials and Methods

All analyses used clinical and laboratory data from the
Ludwigshafen Risk and Cardiovascular Health (LURIC)
study and the German Epidemiological Trial on Ankle
Brachial Index (getABI). ML models were implemented,
including Logistic Regression (LR), Support Vector
Machines, Random Forest (RF), eXtreme Gradient
Boosting (XGBoost), Light Gradient Boosting Machine
(LightGBM) and Decision Trees. Pre-processing
involved imputation, standardization, feature selection,
and hyperparameter tuning. Performance metrics
included Accuracy, Area Under the Receiver Operating
Characteristic Curve (AUC), Sensitivity, Specificity,
Precision and F1-score. The best performing model was
selected based mainly on the highest accuracy. In cases
of comparable accuracy, models with higher AUC and
interpretability were prioritized.

Results

Each study identified a best-performing ML model
specific to the clinical endpoint under investigation.
Table 1 summarizes the highest performing model from
each study, with XGBoost and LightGBM consistently
demonstrating superior predictive ability. Notably, the
highest accuracy (87.56 %) was achieved by LightGBM
in the prediction of CVD/cerebrovascular mortality.

Conclusions
This work demonstrates the potential of ML-based tools
to enhance CVD - risk prediction and enable earlier,

more tailored interventions. Performance varied across
endpoints, with simpler models occasionally matching
the performance of more complex ones, highlighting the
importance of outcome-specific model selection.
Limitations related to cohort-specific characteristics and
potential variability in endpoint definitions-may affect
the generalizability of the findings and should be
addressed in future research.

Table 1: Best Performing M1 Models Across Studies.

QOutcome (follow-up) Best model | Accuracy
All-cause mortality o
(20 years) XGBoost 76.00 (%)
MI (10 years) XGBoost 74.27 (%)
CVD Death (10 years) | LR 72.20 (%)
Stroke (7 years) LightGBM 68.00 (%)
Amputatlon/Revascular RF 73.27 (%)
ization (7 years)
Fatal MI (10 years) LightGBM 69.42 (%)
CVD/Cerebrovascular . 0
mortality (7 years) LightGBM 87.56 (%)
AF (7 years) XGBoost 71.19 (%)
HF (5 years) LightGBM 68.00 (%)
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Introduction

4D Flow MRI enables in vivo, time-resolved, three-
directional velocity measurements but has spatial and
temporal resolution limitations. Computational fluid
dynamics (CFD) simulations may complement MRI by
providing patient-specific hemodynamic predictions [1].
This study compares CFD simulations with 4D Flow
MRI data to evaluate the accuracy of CFD in replicating
in vivo hemodynamics, employing patient-based MRI-
derived aortic geometry and boundary conditions.
Methods

Anonymized 4D Flow MRI data, including magnitude
(anatomical) and phase (velocity) images across three
velocity encoding directions, were acquired from a
normal volunteer. The transient velocity field was
reconstructed using Ferdian et al. [2], generating 4D
velocity arrays (u, v, w) across all cardiac time steps (t).
The magnitude images were used to reconstruct the 3D
model of the thoracic aorta (TA). Blood flow simulations
were conducted in both SimVascular and CRIMSON
software using the same TA model, boundary conditions,
and solver settings. The blood velocity profile at the inlet
surface was reconstructed from the 4D Flow MRI data
and was applied as boundary condition. Three-element
Windkessel models were attached at the outlets. The
resistance and compliance values were iteratively tuned
to achieve physiological pressure. Pressure distribution,
flow rates, and wall shear stress (WSS) were calculated.
CFD data were reconstructed into 4D arrays,
downsampled [2] to match MRI resolution, and aligned
for direct comparison. A descending aorta cross-section
was analyzed, computing mean velocity mangitude for
comparison.

Results & Discussion

Similar flow conditions are predicted by both programs,
though CRIMSON exhibits slightly higher velocities and
some differences in velocity distribution along the flow
domain. MRI comparisons show that while both software
tools capture major flow trends, minor discrepancies
appear in velocity magnitudes and flow oscillations,
particularly in the aortic arch region. Rigid-wall

or, kakisis@med.uoa.gr

Figure 1. Velocity vectors at peak systole by CFD (left).
Time-resolved mean velocity magnitude at a descending aorta
cross-section: MRI vs SimVascular vs CRIMSON comparison

(right)

Conclusions

Patient-specific inlet conditions are essential for
replicating physiological flow dynamics, as they more
accurately capture realistic flow patterns and WSS
variations, than parabolic profiles, which overestimate
velocities and introduce extra discrepancies. This
approach enables disease progression prediction through
WSS analysis and supports virtual testing of
interventions. Future work should integrate FSI to
improve physiological realism and refine boundary
condition calibration for more accurate hemodynamic
parameters.
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Introduction

The study of the mechanical properties of the
aneurysmatic ascending aorta is of significant clinical
and scientific interest due to its role in systemic
circulation and the risk of dissection or rupture. The focus
of this research is the examination of the mechanical
properties of the aortic wall under radial tensile stress,
specifically to explore how the different layers respond
to rupture propagation.

Materials and Methods

74 samples were collected from 12 patients (33— 76 yr)
at Hygeia Hospital. The experimental procedures were
conducted at the Center of Clinical, Experimental
Surgery & Translational Research (BRFAA). The
number of specimens depended on the size of the tissue,
with the left lateral quadrant yielding the fewest samples
due to its morphology. For the mechanical testing [1], a
fully automated tensile testing machine was used,
equipped with a force cell with a maximum load of 500g.
The sampling frequency of the machine is set at 10Hz.
Results

The graph presents the maximum force (Fmax) values in
grams for both inner and outer layers across different
anatomical regions of the aortic wall: anterior, right
lateral (rl), posterior, and left lateral (11). Fmax represents
the maximum force the tissue can withstand before
failure. Notable differences are observed between the
inner and outer layers across the two areas. The anterior
and left lateral regions were grouped together, as were
the posterior and right lateral regions, due to their shared
biomechanical properties in the aortic wall.

Fmax (g)
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Figure 1. Comparison of Fmax (g) across aortic wall
regions and layers.

Discussion
The study found that the intima-media interface exhibits
significantly higher mechanical resistance, with greater
Fmax and elastic modulus values compared to the media-
adventitia interface, indicating that the inner layers of the
aorta are stronger and more resistant to rupture. These
findings align with previous studies [2] that have
demonstrated the mechanical vulnerability of the media-
adventitia interface. Furthermore, regional differences
were observed, with the posterior and right lateral regions
exhibiting higher mechanical resistance compared to the
anterior and left lateral regions, suggesting that the
structural integrity of the aorta varies across different
anatomical locations.
Conclusion
The findings highlight the critical role of the intima-
media interface in maintaining the mechanical stability of
the aortic wall, as well as the vulnerability of the media-
adventitia interface to rupture initiation. The regional
differences observed in this study also underscore the
importance of considering anatomical location when
assessing rupture risk. By integrating these findings with
existing literature, this study contributes valuable data to
the field and provides a foundation for future research
aimed at improving the diagnosis and treatment of aortic
aneurysms.
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Introduction

Abdominal aortic aneurysms (AAAs) constitute a
pathology of the aorta, which is characterized by a
permanent increase in diameter. Although this pathology
is well known, the factors influencing its development as
well as the likelihood of vessel rupture remain highly
unclear. In the present study, the influence of
intraluminal thrombus (ILT) and calcifications is
examined in the intense response of the arterial wall
under normal loading conditions. The purpose of this
process is to assess the role of each co-developing
vascular pathology in the development of an index for
estimating rupture risk.

Materials & Methods

Based on the segmentation of computed tomography
images, a 3D geometry of the AAA is created. The
inability to capture the aneurysmal wall in computed
tomography introduces challenges in constructing the
overall aneurysm geometry. Therefore a new in-house
software is used to integrate the patient-specific 3D
geometry of calcifications within the aneurysmal wall,
accurately simulating the real case. As a result a finite
element analysis-compatible model is created, consisting
of spatial meshes of three distinct entities (ILT,
calcifications and aortic wall) [1]. For the aneurysmal
wall a transversely isotropic hyperelastic Holzapfel—
Gasser—Ogden nonlinear material is applied. The ILT is
modeled through an isotropic linear elastic material, and
lastly for the calcifications a brittle material model is
adopted [2]. An intraluminal pressure equal to the mean
systolic pressure under normal conditions (80 mmHg) is
applied, while the geometry is fixed on its distal and
proximal ends.

Results & Discussion

The deformation and developing stresses within the wall,
thrombus, and calcifications are calculated. The stress
concentrations and their maxima across the entire extent
of the wall are evaluated. It is evident that the locations
of the stress maxima on the ILT and aneurysm wall
surface, are not altered by the intraluminal pressure
increase. Regarding the ILT, the highest values of stress
are observed on the boundaries of the thrombus, where
its thickness is minimized. The stress fields along the
wall’s surface are modified in the case of integrating or
removing the calcifications in the modeling process.

There is evidence that the presence of calcifications in the
aneurysmal wall can dictate high stress localization.
Conclusions

Following the analysis of the results, it is concluded that
calcifications significantly influence local stress
concentrations. In conjunction with the thrombus, which
acts as a stress-relieving factor for the wall, it becomes
evident that the stress distribution is significantly altered
by the introduction of these factors.

Aneurysmal
wall

Calcification g

Thrombus

Figure 1. Meshing of aneurysmal wall (Whlté),
intraluminal thrombus (red) and calcification (pink).
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Introduction

Accurate hemodynamic assessment is vital for
understanding vascular disease progression. While
computational ~ simulations provide non-invasive
evaluations, they require individual runs for similar
anatomies and significant expertise and resources.
Accelerating these simulations for real-time analysis
could improve clinical decision-making. This study
investigates deep learning architectures to predict
hemodynamic fields in vascular pathologies.

Materials & Methods

A physics-informed neural network (PINN) architecture
was employed for hemodynamic predictions in 2D
geometries of vessel stenosis. A multi-case PINN
strategy was employed, in accordance with [1]. The
PINN was trained without the use of labeled data,
utilizing the parameterized incompressible steady state
Continuity and Navier-Stokes equations. The degree of
stenosis was set to vary from 20% to 60%, and Reynolds
number (Re) from 500 to 2000. To measure the accuracy,
computational fluid dynamics (CFD) ground truth data
were generated using COMSOL.

Moreover, a graph neural network (GNN) architecture
was employed for hemodynamic predictions in 3D
abdominal aortic aneurysm (AAA) geometries. A large
training set of synthetic hemodynamic data was created,
employing 3D patient-based AAA models from the
repository of the SAFE-AORTA project and performed
3D transient hemodynamic simulations in SimVascular.
To ensure the training set had sufficient variability, we
applied varying flow rate inputs and resistance-
compliance output parameters. The GNN was trained to
predict velocity, pressure and wall shear stress (WSS)
fields at peak systole, as well as the time averaged wall
shear stress (TAWSS). To overcome the scalability
limitation of MeshGraphNets, our model partitions large
input graphs into smaller subgraphs to reduce training
memory overhead [2].

Results & Discussion

Overall, the PINNs achieve very low errors but also fail
to capture details in the hemodynamic field after the
stenosis which may hide within accuracy metrics that are
more general by design. Moreover, it was found that the
biggest error in velocity prediction occur for higher
stenosis degree and lower Re (Figure 1). On the
contrary, pressure prediction accuracy drops for bigger
Re but increases for bigger degrees of stenosis.

The partitioned GNN architecture seems to maintain the
predictive accuracy of full-graph GNNs while
substantially enhancing the scalability. Increased
accuracy has been achieved for the prediction of
hemodynamic quantities of interest on unseen patient
geometries at a fraction of the time that a conventional

simulation requires
q’ ] I e )

Figure 1. PINN vs CFD for u velocity with stenosis degree
=40% and Re=750. Normalized root mean squared error of u
velocity for various stenosis degrees and Re.

Conclusions

i

Multi-case PINNs enable a single training process to
handle various geometries and flow conditions, but the
accuracy is limited, locally at the stenosis area. The
partioned GNN seems to be a more efficient DL
architecture  for hemodynamic  predictions. A
combination of the two architectures will be tested in the
future.
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Introduction

Bone tissue regeneration is one of the largest challenges
in regenerative medicine, particularly for large defects
where natural healing is not successful. Conventional
strategies are not effective, and new strategies are
required. Tissue engineering (TE) combines biology and
engineering to create scaffolds to promote bone healing.
In this work, Computational Fluid Dynamics (CFD) is
employed to model and optimize 3D scaffolds for bone
regeneration. It simulates fluid flow through different
scaffold geometries, analyzing the effect of inlet
velocities on significant parameters. Two scaffold
models, "PCL-50" and "PCL-250," with different strut
architecture and porosity, were compared at inlet
velocities 0.05, 0.1, and 0.5 mm/s. [1], [2], [3]

Materials and Methods

CFD simulation was performed employing ANSYS 16.2
software. The Navier-Stokes and the continuity equations
were employed to simulate pressure, velocity, WSS, and
permeability within the scaffold regions. The fluid was
defined as cell culture media. A no-penetration boundary
was applied to the scaffold surface, and an outer fluid
domain minimized boundary effects. Three inlet
velocities (0.05, 0.1, and 0.5 mm/s) were tested assuming
zero outlet pressure [3].

Results

Results showed that scaffold architecture plays an
important role compared to inlet velocity in influencing
permeability and WSS distribution. Between the two
models, the "PCL-50" scaffold had higher permeability
and higher WSS values, which are favorable to increased
cell proliferation and bone tissue growth. On the other
hand, the "PCL-250" scaffold had lower fluid flow within
its pores. The results are in agreement with current
experimental findings, confirming the effectiveness of
the CFD-based method in assessing scaffold
performance. In addition, in this work we can emphasize
the importance of scaffold geometry design to enhance
biophysical indications essential for tissue regeneration.
Larger WSS zones, particularly around the unit cell
junctions in the "PCL-50" design, reflect regions of
enhanced mechanical stimulation, which is important for
osteogenic differentiation.

e PCL-250 e PCL-50
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Figure 1. WSS distributions in the “PCL-250" and “PCL-
50 scaffolds. The distributions were induced by an inlet
velocity 0.5, 0.1 and 0.05 mm/s.

Conclusion

This approach provides significant insight into scaffold
geometry and flow condition impacts on biological
performance The “PCL-50 scaffold showed the best
permeability, similar to human bone, though inlet
velocity variations had little impact. Permeability is
crucial for osteogenesis and vascularization. WSS was
mainly influenced by scaffold architecture, with a linear
relationship to fluid flow rate. Higher WSS in the “PCL-
50 scaffold supports better cell adhesion, proliferation,
and osteogenic differentiation, promoting bone growth

(21, [3]-
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Introduction

Abdominal Aortic Aneurysm (AAA) is a life-threatening
condition with a high mortality risk if ruptured, often
developing silently [1]. This study explores an
unsupervised segmentation method based on image
intensity patterns, comparing it to deep-learning models
like TotalSegmentator [2] for improved AAA detection.

Material and Methods

The study includes 18 patients with AAA (>40 mm)
undergoing conservative treatment due to aneurysm size
or surgical contraindications, regardless of cause,
symptoms, or morphology. For AAA segmentation in CT
images, the study combines conventional image analysis
and deep learning. An in-house algorithm uses intensity-
based and morphological operations to detect aorta
without large training datasets. Additionally, the nnU-
Net framework, TotalSegmentator [2], optimizes
segmentation for high accuracy, allowing a comparison
of traditional, feature-based, and Al-driven methods.
Results and Discussion

The results showed that TotalSegmentator slightly
outperformed the proposed method in extracting the 3D
aortic volume (Jaccard Index 0.763%0.261, Dice Index
0.828+0.255), while the unsupervised approach
demonstrated better slice-wise segmentation accuracy
when the aorta was visually distinct (Jaccard Index
0.772+0.183, Dice Index 0.855+0.155).

The discrepancy arises from cases where the aorta blends
with neighboring structures; the proposed method
struggles in such instances, whereas TotalSegmentator,
trained to recognize anatomical structures, can infer
plausible aortic shapes even when visibility is poor.

Conclusions
The findings highlight the potential of deep learning
models to improve aorta segmentation and indicate that

fusing training-free and deep models’ segmentation
could lead to a robust system of AAA detection and
monitoring, enabling earlier, personalized interventions
that reduce rupture risk and improve patient outcomes.

Figure 1. A CT slice depicting the segmented structures’
boundaries in white and the ground truth one in red
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Introduction

Thyroid nodule classification remains a significant
challenge in medical imaging due to the variability in
ultrasound images [1]. Vision Transformer (ViT) [2]
have shown a promising potential for classification in
biomedical imaging for diagnostic purposes. In this
study, we apply a ViT model on the Algerian Ultrasound
Images Thyroid Dataset (AUITD) for thyroid ultrasound
classification.

Materials and Methods

The AUITD dataset [3] includes 1,472 benign, 1,895
malignant, and 171 normal thyroid ultrasound images
from hospitals in Setif, Algeria, labeled by experts
according to clinical standards. Due to the dataset’s
variability and imbalance, we employed a ViT-Tiny
model pretrained on ImageNet, chosen for its ability to
capture long-range dependencies more effectively than
CNNs. Images were resized to 224224, normalized, and
augmented. Class imbalance was handled using a
Weighted Random Sampler and Focal Loss. Training
was conducted over 100 epochs using the Adam
optimizer with OneCycleLR.

Results

The proposed model achieved a 98% overall test
accuracy, with high precision and recall for benign and
malignant cases. However, the normal thyroid class
exhibited lower recall (14%), indicating further dataset
balancing or augmentation techniques needed. The
confusion matrix and classification report reveal the
strengths and weaknesses of the approach, highlighting
the necessity of additional data for rare cases.

Table 1: ViT classification performance.
Precision Recall fl-score

Discussion and Conclusion

This study shows that ViT is well-suited for thyroid
ultrasound image classification, achieving 98% accuracy.
Its global attention mechanism enables better handling of
complex patterns compared to CNNs, especially for
benign and malignant cases. However, performance
remains limited for the underrepresented normal class.
Future work will focus on data balancing and self-
supervised methods to improve generalization.
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Introduction

Chronic subdural hematoma (CSDH) is a common
neurosurgical condition. Numerous lines of evidence
indicate that the subdural fluid characterizing CSDH
partly contains blood and its products. Previous research
has also identified proteins putatively involved in CSDH
pathophysiology [1]. Nevertheless, the proteome of
CSDH remains poorly understood. Herein, we assessed
and compared the hematoma fluid and serum proteomes
of CSDH patients.

Materials and Methods

Hematoma and serum from 7 patients were analyzed
using mass spectrometry-based proteomics. Data
processing and t-tests were performed in Perseus,
creating volcano plots with FDR set at 0.05 and SO at 0.1.
Gene Ontology (GO) analysis for the hematoma was
conducted using Gorilla [2].

Results

789 proteins were identified. 502 passed quality filtering
and were included in the final analysis. Of these, 499
were detected in hematoma fluid and 461 in serum, with
458 proteins shared between both sample types. 41
proteins were unique to hematoma, and 3 to serum. The
analysis identified 182 proteins, 167 of which had
significantly higher levels in hematoma compared to
serum and 15 in serum (Figure 1).

4 2 2
Difference (Hematoma - Serum)

Figure 1. Volcano Plot Showing Differential Protein
Expression in Hematoma vs. Serum

GO analysis indicated extracellular matrix organization
and related terms as the most significantly enriched
processes. Inflammatory pathways, including toll-like
receptor and pattern recognition receptor signaling were

also enriched. Coagulation and fibrinolysis related
processes were also significantly represented. Additional
highlighted pathways related to wound healing, vascular
regulation, apoptosis, hormone/peptide secretion and the
control of vascular tone and diameter.

Discussion

Enriched pathways related to matrix remodeling, innate
immunity, and vascular regulation may underlie clinical
features like membrane formation and postsurgical
recurrence. Activation of toll-like receptor and cytokine
signaling indicate inflammation and immune responses
to blood degradation or injury. Coagulation and
fibrinolysis pathways highlight ongoing hemostatic
imbalance, while apoptotic and vascular terms reflect cell
turnover and vascular instability. These processes are
apparent during the postulated evolution of CSDH, from
tissue repair and inflammation to bleeding and cycles of
coagulation/fibrinolysis [1]. Overall, several pathways
and related proteins indicated by the present data
highlight potential novel targets for biomarker and
therapeutic strategy development.

Conclusions

We provide state-of-the-art proteomic data on CSDH.
While the serum and hematoma proteomes exhibit
considerable overlap, qualitative and quantitative
differences are apparent. Our findings can lead to further
investigation into biomarkers and therapeutic targets in
CSDH.
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Introduction

Type 1 Diabetes Mellitus (TIDM) patients are using
artificial pancreas (AP) implementations [1], which aim
to replace or support pancreatic functionality by
regulating insulin production. A significant amount of
research has been conducted to explore glucose control
options for commercial applications employing PID-
based control formulations [1] to optimize glucose
production, particularly to insulin dosing calculation.
This work presents an AP scheme using a continuous
PID controller, which is shown to outperform rival
particle swarm optimization (PSO) [2]-tuned PID control
schemes in a case study also incorporating exogenous
glucose disturbance.

Materials & Methods

Simulation has been performed in MATLAB/Simulink
environment and includes the following parts:

I) Mathematical model for human body: T1DM patient
is modeled by Bergmans’ Minimal Model [1]

IT) Continuous glucose monitoring sampled every 1 min
outputting a running mean of 5 samples.

III) Insulin pump algorithm:

u(t) = Basal + —G(t)_;t;rg(t)
G(t)=Grarg(®)

ISF
IV) Continuous Parallel PID controller is described by:
PID = Kpe(t) + K, [, e(t) + Kp dZ—f) (1.2)
V) PSO framework (ITAE and MAPE obj. functions):
vi(t +1) = wo(0)esry (Ppeses — %:(0)) + -+

- G2 (gbest - X (t)) (1.3)

(1.1)

where is bounded between 0 and Bolus,,, 4

Simulation Results

150 Glucoss (PSO-PID-MAPE)
N —— Insulin Pump (PSO.PID-MAPE)
\ Contraller out (PSO-PID-MAPE)

100 ! \ ——Error PSO-PID-MAPE)
, A Salyisepgid
/ Insulin Out (PSO.PID (ITAE)
—— Error [PSOPIDATAE)
50 —— Controller out (PSO-PIDTAE)
| ——Glugase (Propesed PID) ___
\ Insulin Out (Proposed PID)
0 _k S = Controller Out (Proposed PID)
; \ / ——Error Proposed PID)
|/ Setpoint
-50 ‘U' Basal Insutin
0 300 600 900 1200

Figure 1: Full AP closed loop simulation results

Metrics Used

Controllers’ performance was evaluated using MSE,
which quantifies the mean squared deviation from the
setpoint, MAPE, which represents the mean absolute
percentage error, and steady-state error (SSE), which
corresponds to the error in the last sample for each of the
two predefined time periods To—Taist and Taise+1—Tend.
MACA measures mean absolute controller actions to
determine more conservative or aggressive behavior,
while MAPA quantifies pump actions.

Experimental Results

The case study models a T1DM patient consuming a 50g-
carbohydrate rich meal at T4ix=700min. Results of the
simulation (Table 1 and Figure 1) show that the proposed
control scheme leverages the controller's dynamics to a
greater extent by performing more aggressive control
actions (higher MACA) compared to the other
controllers. It also utilizes the pump more efficiently,
reflected in higher MAPA. Consequently, the proposed

it +1) = { yi@), if fx(t+ 1) = f(y: (D) (1.4) scheme operates more efficiently, achieving better

xi(t+1), if fO;(t+ 1) < fy: (D) performance in steady-state error, MSE and MAPE. This
Ji(t +1) = argminf (y:(t + 1)) (1.5) improvement comes at the cost of a trivial increase in

v overshoot. Future work will evaluate the results across a
x(t+1) = xi(t,) +v(t ,+ D (1.6) wider range of virtual patient scenarios and will also
Table 1: Simulation Metrics focus on more advanced control techniques, such as
Ob Function P;&EIIED P??:;EID Pmpos_ed PID Model Predictive Control (MPC) schemes.
References
Steady-state error 3.030 3.033 2.071 [1] S. Echajei, et al.(2025) Implementation of PID
MSE 11.970 11.981 8.180 control strategies on Bergman model representing Type
MAPE 5311 5313 4.155 1 Diabetes-T1D, Commun. Math. Biol. Neurosci.,
MACA 0.829 0.828 0.876 2025:1.
S — . m— [2] A. Kapnopoulos and A. Alexandridis (2022) A
Steady-state error 0.474 0.476 0.429 cooperative particle swarm optimization approach for
MSE 4.063 4.069 1.116 tuning an MPC-based quadrotor trajectory tracking
MAPE 5.563 5.569 4.601 scheme, Aerospace Science and Technology 127:107725.
MACA 1.379 1.379 1.559 Keywords: Artificial pancreas, T1DM,PSO, PID control
MAPA 24.643 24.643 26.418
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Introduction

Efficient medical equipment (ME) management is crucial
for health-care facilities to ensure optimal performance,
safety, and regulatory compliance. An accurate and
continuously updated equipment inventory serves as the
foundation for effective HTM systems. The proposed
inventory management process involves two key stages:
(1) data acquisition and (ii) data entry. While data
acquisition involves collecting photos of ME’s
identification label and relative information, data entry
focuses on structuring and integrating extracted
information into the inventory system.

This work focuses on the data entry stage, which
translates raw image-based data into structured inventory
records. Key fields extracted from ME images include
Model, Manufacturer, Serial Number, Unique Device
Identification (UDI), Year of Manufacturing, and
GMDN?EMDN? nomenclature codes. Among these,
nomenclature assignment remains a complex and time-
intensive process due to the variations between
classification systems and the lack of standardized
mapping*. This study proposes a structured, hierarchical
workflow to streamline the data entry process for large-
scale national ME inventories.

Materials and Methods

The proposed workflow is implemented by INBIT' and
follows a three-level pyramid structure. Each level varies
in workforce size, specialization, and training
requirements:

Bottom Level: Handles basic data entry tasks, where
equipment images are matched with pre-existing
"Triplets"—a combination of Model, Manufacturer, and
GMDN/EMDN code—from a predefined database. If a
suitable Triplet is found, it is assigned to the registered
equipment.

Second Level: Addresses cases where no existing Triplet
is available. In this stage, new Triplets are created using
the available GMDN codes database. Once verified,
these new entries become Local Temporary Triplets,
accessible to the bottom-level team for future
assignments.

Top Level: Manages complex cases flagged as requiring
expert review. This includes handling new or emerging
medical technologies requiring new nomenclature codes.
Additionally, the top level supervises the entire workflow
and validates new Triplets, which are then permanently
integrated into the database as Global Validated Data.

INBIT currently utilizes a repository comprising 1,020
GMDN codes, 2,030 manufacturer entries, and 11,300
Triplets. The workflow ensures continuous expansion
and refinement of this database, progressively reducing
manual effort over time.

Results

The national ME inventory project is expected to take one
year and is currently in its second month. At the
beginning of data entry, approximately 35% of cases
required second- and third-level processing. However, as
the database has expanded and more Triplets have been
created, this percentage has already started to decrease,
currently at around 30%. This early result indicates that
the structured approach is progressively minimizing the
need for expert intervention, making data entry more
efficient and less time-consuming.

Discussion

The structured workflow distributes workload
efficiently. Initially, manual intervention is high, but as
the database grows, most data is processed at the bottom
level, minimizing expert involvement and improving
overall efficiency.

Nomenclature assignment is a key challenge due to the
lack of direct GMDN-EMDN mapping. The hierarchical
approach ensures expert input at higher levels while
maintaining rapid lower-level processing. The adaptable
workflow allows resource redistribution as the database
expands.

Conclusion

A structured, multi-level workflow improves ME
inventory management efficiency and accuracy. This
scalable approach streamlines large-scale data processing
and addresses nomenclature complexities. As the
database grows, expert intervention decreases,
optimizing resource use and processing time. The
proposed framework supports sustainable and efficient
HTM systems.
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Introduction

During the last decades, medical technology has become
a key factor in all modern healthcare delivery systems.
However, WHO 2022 Global atlas of medical devices
shows that most countries worldwide do not have any
form of national medical equipment (ME) inventory, and
when data is available, it mainly refers to high capital
value equipment [1]. The Institute of Biomedical
Technology (INBIT) has undertaken a pivotal role in the
Unified Medical Equipment Management System
(MEMS) section of a broader National Digital
Transformation Project in the Greek Healthcare System.
The scope of this project includes all 128 Hospitals of
Greece’s public healthcare sector intended to be
registered within a 10-month horizon.

Methods

Three Working Groups (WGs) of Biomedical Engineers
have been assembled and trained in the inventorying
process. These WGs are based in different areas (Athens,
Thessaloniki and Northern Greece, Rest of mainland and
Islands) for maximum geographic coverage. The process
implemented for this project is an adaptation of other
regional projects that have been successfully completed
in the past [2,3], specialized for a nationwide scale

(Figure 1).
e )
Entry to MF to be QR and ID tag Operating status,
Department/ Area  registered placement

Acquisition
method etc

;

Photo Record

QR/ ID Tag 4—@
Manufacturer label 4—@

Full Device photo 4—9
UDI / other data ‘_e

Data Entry in
web-Praxis
MEMS

Figure 1. ME registration process

This process includes the creation of an Electronic
Record for each individual ME. This is done by the WGs
on a room-by-room basis, where each device is labelled
with a tag bearing a unique national device ID that will
be used throughout its lifecycle. The tag also contains a
QR code that can be scanned with a specialized
smartphone app to register new ME, view existing device
details and report failures. Photographic record of every
device is also created, including the unique ID label,

manufacturer label, UDI and a full device photo. This
will lead to the assignment of model, manufacturer and
Global/ European Medical Device Nomenclature
(GMDN/ EMDN) groups, during the sequential data
entry phase of the project, as the data are fed to the web-
Praxis MEMS. Finally, data such as acquisition method,
operating status, department/area of installation etc. are
registered in collaboration with the hospital staff. Due to
the challenges of the modern healthcare environment, a
robust communication scheme had to be developed. A
kick-off meeting with all hospital management units was
performed to provide the overarching goals of the
project. Each month, a list of hospitals to be registered is
created and the Management and Biomedical Eng.
Departments are informed in detail by the Social Security
e-Governance (IDIKA). Sequentially, the final schedule
is made by each WG, and the Hospitals are informed of
the exact date and the registration process.
Conclusions
As of the time of writing, 35,084 devices have been
registered in 34 Hospitals. These preliminary results
indicate steady progress, highlighting the project's
feasibility. The implementation of a Unified MEMS
across Greece's public healthcare sector marks a
significant step toward improving national ME practices.
Taking advantage of digital transformation, this initiative
enhances ME traceability, lifecycle management, and
overall healthcare efficiency, through the creation of
various national databases. As the project continues, its
outcomes will provide valuable insights into future large-
scale healthcare improvements that rely on evidence-
based decisions such as centralized contracts,
homogenized maintenance practices and equipment
redistribution.
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Introduction

HOSP4ALL is an initiative that aims to enhance
healthcare accessibility and inclusivity [1] through
innovative assistive technologies and user-centered
design. Focusing primarily on individuals with visual
impairments, it aspires to create hospital environments
without barriers, facilitating patient autonomy. A pilot
installation was carried out at the University General
Hospital of Patras (UGHP), supported by the Panhellenic
Association for the Blind (PST) and the Norwegian
Association of the Blind and Partially Sighted (NABP),
both of which provided highly positive feedback on
system effectiveness.

Materials and Methods

The core component of HOSP4ALL is a Bluetooth-based
indoor positioning system. Bluetooth Low-Energy (BLE)
beacons equipped with Angle of Arrival (AoA)
technology [2] deliver real-time location data to a user’s
smartphone, guiding them through audio prompts and
haptic feedback. Physical modifications, including tactile
paving (haptic tiles) and Braille signage, further support
safe, independent navigation. This design was developed
collaboratively with user feedback from PST members,
ensuring the solutions directly address the needs of blind
and low-vision users.

Results

Initial findings suggest significant improvements in
accessibility, safety, and user autonomy. Participants
reported reliable guidance in navigating hospital
corridors and identifying key service points. The PST
formally praised the system as a “pioneering step toward
equitable healthcare,” recommending expansion to other
hospital departments. Additionally, visiting
representatives from NABP commended the system’s
ease of use and expressed interest in exploring its
adoption in Norwegian healthcare facilities.

Discussion

Beyond its primary focus on assisting individuals with
visual impairments, HOSP4ALL demonstrates the
broader potential of real-time indoor navigation and asset
tracking in healthcare. Challenges remain in scaling the
system to encompass entire hospital complexes and in
integrating it with existing digital services. Nevertheless,
the strong user acceptance underscores the feasibility and
importance of widespread deployment.

Evdokpvohovikd
1hene 4 73pec

Figure 1. Navigation App Environment. Left: the info and destination-
selection menu where users choose clinics, ticket desks, entrances, etc.
Centre: the live guidance map, providing a visual route for sighted or
low-vision users. Right: step-by-step textual instructions that are also
delivered through audio and haptic feedback.

Conclusions

HOSP4ALL shows how innovative technology,
combined with inclusive design principles [1], can
substantially improve the hospital experience for visitors
with visual impairments. Positive evaluations from both
the PST and NABP validate the pilot’s impact and
indicate a clear path for wider adoption. Future work will
expand coverage within UGHP, refine the application’s
interface, and explore additional features such as SOS
alerts, asset tracking, and data analytics for more
effective hospital management.
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Ewayoyn

O ynoekdc petooynuatiolds otov Topén NG LYELog
OmOTEAEL EMTOKTIKY OVAYKTY, KOOMDG Ol TEYVOAOYIKEG
egeli&erg emnpedlovv v Topoyn| Kat TN dayeipion TV
vanpeodv  vyelog. H evoopdtoon g Teyvnrrig
Nonpoovvng (TN) oty eknaidevon TV enayyeALATIOV
vyelog dnpovpyel véeg gukatpiec, OAAG Kol TPOKANCELS,
Waitepa, GGOV APOPA TNV OKOONUATKT OKEPALOTITO KO
mv afloddynon tov @ountdv. To ManagiDiTH?
(Master of Managing Digital Transformation in the
Health Sector) givatl évo KOvoTOHO SOTOVETIGTNUIKO
TPOYPOLE, 7OV VAOTOLEITOL HECH TNG GLVEPYUOING
TPV Tavemotpiov tov Apiototereiov [avemotion
®eocalovikng  (AUTH, EAAGSa), tov ISCTE
(IToptoyario) kot tov LAUREA (©whavdio). Zto)0g
Tov gival 1 KOTAPTION EMAYYEALATIOV VYEOG OTIS
ovyypoveg TEXVOAOYIKEG efelibelc, evd TapdAANAL
PLA000EEL VO AeLTOVPYNGEL OG TPOTLTO Y1 TNV AVATTLEN
evog Kowod Evpomaikov ITtoyiov! (European Common
Degree). Qotdc0, 1| TOAVUOPPIO TOV EKTAULOEVTIKMOV
TOMTIKAV KOl Ol SILPOPETIKEG TTPOCEYYIOELS GTN YPNoT
™¢ TN avédei&av kpicua (ntipata mov oyetiCovran pe
Vv a&loAdYNoT TOV POITNTMOV KOl TV EVEOUATOON TG
TN ot dwackaiic. To GpBpo avtd @rrodolel va
avadeiEel avTtég TIC TPpOYLEG gumelpieg Tov Ba pavovv
YPNOES KOl O GAAQ UETOMTUYLOKE TOVL XDPOL TNG
Brotatpucng pnyavikng.

Mé00d0og

H mopovoa epyacio Pooiletor oty epmepia
ddackariog Tov padnpatog "Healthcare and Resource
Management" (OHO02), 6mov a&lomomnke m ypnon
epyoreiov TN amd tovg pountég. H diddorkovca pécm
Tov ovotiuatog Turnitin, evidmice LVYNAL TOGOGTA
xpnons TN otig epyacieg Tov portntadv. H avdivon tov
VIoPANOEVTOV epyacidv HECH EPYOAEI®V Ovixvevomg
TN odnfynoe oe ovintioelg eviog g Emitpomnig
[poypappatog Zmovddv GYETIKA LLE TIG TOATIKES XPNONG
TN. 1 ovvégela diepevvibnie o Thaiclo a&lonoinong
TN amd tovg portntég Kot 1 1éB0dog KaBodynong amd
TOVG O10GGKOVTEG.

Amnoteliopata

H é\ewyn capdv Katevfuvinpiov odnyidv TpoKaAEse
oUYYLON  OTOLG  QOuNTEG Kot demvieg  Tov
EKTTAIOEVTIKOD  TPOCHOTKOD  TOV  EUTAEKOUEVOV
TOVEMOTNUIOV GYETIKA [LE TNV amodekTy| xpnon g Al
Q¢ omotélecpo o) OmocUPONKE TO GCLYKEKPUEVO
assignment amd Vv teAn Pabpolroyio, B) vmnpEav

avTIOpAcEL; amd TOLG QOLTNTEG, TOL OeV EiyaV GAPN
evnuépwon yia ta opta xprong s TN kat y) n Emrponn
[poypdppatoc Emovddv dSmicT®oE TNV AvVAYKN Yo

evioio.  EKTOOELTIKY]  TOMTIKY OYETWKA pe TNV
aroterespatikny agtomoinon g TN.
Zolnon

To mepotatikd avédeiEe v avaykn yo dStepldpemon
evOc capovg mAaisiov evoopdtoong ™mg TN oty
ekmaidevon. Ot Poaoikég mpotdoels Tepthapupavovy v
VIOYPEMTIKT ONADON OO TOVG POLTNTES CYETIKA LLE TOV
tpomo yprong TN otig epyaoieg tovg, v Kabodnynon
TOV J0CKOVIOV MOGTE VO UTOPOVY VO SOPOPOTOLOVV
mv avBpomvn cvyypaen omd t yprion TN kot v
EVOPUOVIOT] TV EKTOOEVTIKAOV TOMTIKOV UETOED TMV
TOVETIGTN OV TOV GUUUETEXOVY GTO TPOYPULLLAL.
Topnepdopata.

H evoopdtoon g Texvntg Nomupoovvng otnv
ekmaidevon amortel Eexdbapeg katevBuvinpileg YpappEg
OGO Y10 TOVG POLTNTEG OGO KOLL Y10 TOVG EKTOIGEVTIKOVG,.
To ManagiDiTH?, ®¢ éva  SmovemoTnuiokd
TPOYPOLLLLO, OTOTEAEL P10l ONUOVTIKY €uKoupio yioo TNV
avamrtoén kot SpdpPon  evioiog  EKTOLOEVTIKNG
moMTikng otnv Evponn, oto miaicio &vog Kowol
Evponaikod [toyiov. H viobéton capdv kavovoy kot
N katavonon tov opiov ypriiong g TN Ba cvpPdiovv
OTNV OUOAT EVOOUATOOT TNG OTNV AVAOTATY EKTAIOEVON
Kat ot dikan a&loAdynon Tov eotttdv. Mécw avtdv
TOV Kowvotoudv, to ManagiDiTH? couPdiier oty
dpdpemorn  evog  ovyypovov, PlOCIHOL  HOVTEAOL
EKTTAIOEVONG TOV OvTamoKpiveTal ot €EeMOGOUEVES
avAYKeS TOL TOpEN TG VYelog, eved TapdAinia tpombel
TNV EVPOTATKN OAOKANPWOOT TNV AVAOTOTN EKTAIOEVOT).
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Introduction

Digital Soft Skills (DSS) such as communication,
collaboration, problem solving, and adaptability in digital
healthcare context (telemedicine, digitalized health) are
in high demand. These skills are essential for the digital
workplace. Therefore, the European Higher Education
area has continually increased expenditures in the
training and promotion of digital soft skills among their
student populations [1,2]. Such training is especially
effective through the use of Digital Scenario Based
Learning (D-SBL).

D-SBL uses interactive digital scenarios, in the form of
virtual patients, or other serious games, to support active
learning strategies such as problem-based learning.
Virtual patients have become, for quite a while now, a
standard for medical education with digital enablers
[3,4]. This work presents the conceptualization and
mapping of DSS to EU frameworks and healthcare
terminologies for use with Digital Scenario Based
Learning (D-SBL) in the context of the DISCERN-DSS
EU funded project.

Methods

The educational activities that are planned in the
DISCERN-DSS aim to implement 15 D-SBL VPs in the
equivalent of 2 modules that will be used to educate more
than 350 learners on digital soft skills. In that context our
team set-out to create a conceptual mind-map for
defining a terminology of digital soft skills that can then
be used for the identification of DSS learning objectives
in Higher Education curricula.

Initial Results and Conclusion

Taking cues from existing projects [5], the EU
DIGICOMP framework [6] and previous attempts to
standardize the healthcare soft skills landscape, we have
created a list of related DSS concepts. After that step we
brainstormed, based on past hierarchies, and organized
these terms into a conceptual mind-map [7]. This work is
currently being used to identify learning objectives for D-
SBL, and a Delphi study is planned for prioritizing and
organizing a concrete list of educational episodes that
support DSS teaching.

Through D-SBL-based upskilling of healthcare
professionals in DSS we will foster both cross-regional
cooperation between EU and SE Asia and upskill the
medical professionals of the crucial aptitudes that
comprise digital soft skills.
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Introduction

Brain tumors and glioblastoma especially, the most
common malignant primary brain tumor, are
characterized by poor overall prognosis and rare long-
term survivalll. To assist tumor treatment management
and surgical planning, technologies simulating brain
tumor growth are thus required. In this context, Digital
Twins (DTs) represent a promising solution. They are
designed to replicate physical systems intending to
reproduce and forecast the actions of their real-world
counterparts. In light of this potential, this study aims to
develop a DT able to predict the progression of the brain
tumor using deep learning.

Materials and Methods

For this work, the LUMIERE dataset!?), an open-source
single center longitudinal glioblastoma MRI dataset with
expert RANO evaluation, is used. A subset of the
dataset, comprising 39 patients and their MRI scans
around 0, 15 and 41 weeks post-operation, is utilized to
validate the feasibility of the proposed approach. The
MRI scans include segmented tumor masks, which serve
as input for the predictive modeling pipeline.

For the prediction of the progression of brain tumors, a
Convolutional Long Short-Term Memory (Conv-LSTM)
model is deployed. This type of neural network plays a
key role in the task of future image frame prediction since
it is capable of capturing both spatial and temporal
correlations. In line with the aims of this research, Conv-
LSTM has been previously employed successfully for the
forecasting of pancreatic neuroendocrine tumor
growthB,

The model is trained to take as input the tumor
segmentation masks from the first two MRI scans of each
patient and predict the tumor mask corresponding to the
third scan. To prevent overfitting, the dataset subset is
augmented by rotating the segmentation masks.

Results

The results represented are preliminary findings intended
to demonstrate proof of concept. Using the tumor
segmentation masks from two sequential MRI scans, the
trained model can effectively generate the segmentation
mask for a subsequent scan. The model was evaluated
with five-fold cross-validation using the Dice similarity
coefficient and Relative Volume Difference (RVD)
metrics. The average evaluation metrics remain modest

in initial experiments due to dataset imbalance and
limited number of training samples. However, it is worth
noting that there is a best-case performance in the five-
fold cross-validation, achieving 84% Dice similarity
coefficient and -5% RVD. As illustrated in Figure 1, the
model is able to predict lesion growth patterns with
sufficient accuracy producing a visualization of the
progressed tumor.

Figure 1. Ground truth (left) and predicted (right) tumor
segmentation mask of a patient’s third week scan

Discussion and Future Work

This study demonstrates the potential of DTs that utilize
deep learning models for predicting brain tumor
progression and thus aiding clinical decisions and
personalized treatment planning. Future work includes
exploring the capabilities of Generative Adversarial
Networks (GANSs) in utilizing radiomic features from the
tumor region, as a more efficient alternative to the model
showcased in this research.
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Introduction

The emergence of Real-World Data, i.e. Electronic
Health Records (EHR), has gained attention as a valuable
source for research analysis, however analytical
applications remain problematic due to EHR collection
focusing on clinical uses [1]. Leveraging EHR data in the
context of older breast cancer survivors requires
addressing additional obstacles, such as the pronounced
multimorbidity in the subject population, which results in
mixed observations of treatment and adverse effects.
Given these challenges, our study focused on predicting
the changes in the frequency of adverse effects after
hormonotherapy in older breast cancer survivors.

Materials and methods

Our methodology aimed at structuring an integrative
framework for drawing explainable insights by pre-
processing and analyzing timestamped data from EHR.
In summary, the dataset we analyzed included a cohort of
older breast cancer patients (>65 years old) treated with
hormone therapy, alongside recorded comorbidities
and/or symptoms observed before, during, and after
treatment. Primary features were extracted from the raw
data, corresponding to cohort information and records of
100 adverse effects. The observations involved 500
anonymized patients, aged 65 to 100 years at the time of
diagnosis. However, exploring the real-world dataset
revealed several quality issues concerning age
inconsistencies, low cohort representation and large time
gaps between the date of diagnosis and starting date of
treatment. Abundance of noisy observations resulted in a
significantly reduced final size of 238 subjects. Our
target variable was set as the frequency change in
subjects with a recorded condition between two periods:
prior to and after the treatment’s start date. A custom
transformation was also applied to compare identical
values originating from different percentage magnitudes,
aiming to capture relative growth and maintain control of
the original range at the same time. Predictors were
limited to the age at diagnosis and the corresponding
cohort’s survival duration. The final model was selected
by fitting all possible polynomial regression models up
to second degree for each condition and evaluating
performance metrics. In addition, interpretational
simplicity and predictive power of the model were
boosted, while bias and artifacts were minimized.

Results
Our analytical framework managed to support the
implementation of informative models with desirable

performance metrics, given the limitations of the datasets
and the trade-offs of boosting interpretability. As an
example, the model of anemia scored moderate adjusted
R-squared and RMSE values, corresponding to 0.5 and
0.1. Coefficient p-values fell below the threshold of 0.05,
confirming statistical significance. Notably, survival
duration and age at diagnosis positively correlate with the
frequency change in anemic observations (see Figure 1).

Regression Surface (Condition: 'Anemia’)

Density
700p
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500u

400y

300u

200u

100p

Figure 1. Predicted surface for the model of anemia

Discussion

While the analysis of EHR data can contribute to
explaining the increase of recorded condition frequency
during breast cancer hormone therapy, mixed signals of
comorbidities and side-effects observed in late-age
cancer survivors introduce significant biases, which
affect statistical inference.
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Introduction

Breast cancer (BC) is a condition in which abnormal
breast cells develop uncontrollably and produce tumors
[1]. Approximately half of all BCs arise in women who
have no identifiable risk factors other than their gender
and age [1]. Research shows that regular exercise and a
balanced diet can reduce recurrence risk and improve
survival in BC [2]. Adopting such lifestyle changes can
be challenging due to various personal and
environmental barriers. The Capability — Opportunity —
Motivation — Behavior (COM-B) model [3] is a behavior
change framework designed to identify key factors
influencing behavior: individuals require capability,
opportunity, and motivation to adopt and maintain a
behavior. By assessing deficits in these areas,
interventions can be tailored to address specific barriers
to behavior change. This paper presents the Personalized
Lifestyle Coaching (PLC) service architecture and
concept as part of MELIORA [4], an EU-funded project
aiming to empower women at risk of BC, patients, and
survivors, to adopt a healthy lifestyle.

Methodology

Artificial intelligence (Al) and digital health technologies
will apply COM-B principles to deliver personalized
interventions. The proposed PLC Service architecture
(Figure 1) features an Al-driven component that
integrates user input—from self-reported questionnaires
to real-time activity tracking—with output data generated
from other Al MELIORA modules to identify individual
barriers across the COM-B domains. It will deliver
content and recommendations providing through the
MELIORA mobile app personalized physical activity
and nutrition guidance. For example, if the app detects
low activity levels (an Opportunity and/or Capability
deficit), it issues customized exercise suggestions,
educational resources, and motivational prompts. All
data collection processes will adhere to GDPR
requirements and receive institutional ethics approvals,
with informed consent obtained from participants prior to
data collection. Decision-support algorithms—from rule-
based systems to machine learning models (including
supervised and unsupervised learning, neural networks
and real-time adaptive algorithms)—will be evaluated in
order to develop a strategy to map the input data to
specific behavior-change strategies, with the optimal
approach chosen based on pilot testing outcomes.

Discussion & Conclusion

The integration of COM-B with Al through the proposed
PLC can provide unique benefits compared to
conventional behavioral interventions. Al allows for
scalable personalization that adapts in real time to a
user’s evolving needs. However, challenges remain in
ensuring user uptake and adherence. Future research
should focus on refining the proposed PLC adaptive
algorithms to enhance user engagement while also
evaluating long-term outcomes to establish robust, user-
centred models for cancer and survivorship care.

&

DOCKER CONTAINER

{ikpLe sERVICE
Python
ML Libraries

@ FastaPi service
MONGO DB

% _gn

MOBILE APP

— QNOTIFICATIONS —

‘ SERVICE

Python
(D FastAPi service

[EYFORMS SERVICE

Python
@ Fastar service

Figure 1. Personalized Lifestyle Coaching
Interconnections Architecture
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Introduction

Sleep is considered to play an important role in cognitive
and physiological functions in humans. Poor sleep
quality has been studied as a risk factor for weight gain
[1]. Furthermore, the quality of sleep has been found to
decrease with healthy aging [2]. The objective of the
present analysis is to evaluate the relationship between
sleep quality, age and weight, utilizing data acquired for
the interventional study in Thessaloniki as part of the
URBANOME Horizon 2020 project.

Materials and methods

A custom risk-scoring methodology identified 121 high-
risk volunteers to be included in this analysis based on
pneumological exams and a survey regarding Sleep
Quality, Quality of Life, Mental Health, Physical Health
and Urban Environment, Housing, and Personal Habits.
Participants were provided with a Xiaomi Smart Band 7
and a portable sensor to measure particulate matter (PM),
humidity and temperature. They were instructed to wear
these sensors for 1 week to monitor activity, sleep quality
and exposure to environmental factors. The objective was
to evaluate the relationship between sleep quality and
demographics using two-way ANOVA to analyze
weekly durations of light, deep, and REM sleep, as well
as wake time.

Results

The tests confirmed that the data followed a normal
distribution (Table 1). A statistically significant
interaction was observed between sleep stage, weight,
and age (p-value = 0.03). As shown in Figure 1, the deep
sleep ratio increases with age among participants with
lower weight (adjusted p-value = 0.04).

Table 1: Normality test results.

o B Higher weight

0301 I Lower weight
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Figure 1: Weekly deep sleep ratio by age and weight.
Discussion
The analysis suggests that older adults tend to have a
higher deep sleep ratio than younger individuals, while
weight affects deep sleep in both age groups, with higher-
weighted older adults having a lower deep sleep ratio
than lower-weighted, while the opposite effect is noted in
younger participants.
Conclusions
The findings of this analysis provide valuable insights
into the relationship between sleep quality, age, and
weight, highlighting the importance of good physiology
to maintain sleep quality across lifespan. Targeted
interventions, such as promoting weight management
and optimizing sleep environments, could be tailored by
age group to enhance sleep quality, offering valuable
guidance for urban health policy and personalized public
health strategies.
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Introduction

Balance is a critical function for human mobility and
independence [1]. Balance disorders in older adults
increase fall risk and reduce quality of life, with 28-42%
of adults over 65 falling annually, emphasizing the need
for effective prevention strategies [2]. Al advancements
are improving balance assessment and fall risk prediction
[1]. Our study aims to develop and validate Al-driven
models for fall risk, treatment effectiveness, and adverse
events within a tele-rehabilitation context.

Materials & Methods

The study utilizes data from the TeleRehaB project,
including retrospective data from the Holobalance
project (HOL), the EMBalance project (EMB), and UCL,
UK, covering patients aged 16-98 with balance disorders.
The dataset comprises clinical, demographic, and
symptom-related data. Data preprocessing involves
feature encoding, imputation (Simple and Iterative),
normalization, and handling of imbalanced classes via
SMOTE. Multiple classifiers (XGBoost, KNN, Neural
Networks, etc.) were trained using a 10-fold cross-
validation strategy. Model interpretability was achieved
through SHAP values to explain feature contributions.
These models improve clinical decision-making and
patient outcomes in rehabilitation settings by addressing
key clinical endpoints, including Risk of Fall (RoF),
Treatment Effectiveness (TE), and Adverse Events (AE).

Results & Discussion

The study addressed three specific clinical use cases:
predicting RoF, evaluating TE, and identifying AE. Table
I details the models, endpoints, and metrics, with some
models being particularly relevant to clinical relevance.

Table I. Results overview of Research-oriented models.

El?d Source Target Model Aceur Sepsm S.pe_:mf Key
point acy vity icity  Aspect
Tende

094+ 093+ 094+
RoF EMB FALL XGB 006 007 002 ncy to

Fall

HAD 094+ 087+ 087+ HAD

TE UCL " XGB 406 010 013 D
SYMP 086+ 085t 080+ WHO

AE - HOL povg RF 004 013 020 DAS7

Results show a high accuracy of 94%, using the EMB
dataset, for RoF with the most important feature being

the tendency to fall. For TE, UCL data targeting HADA
yielded 94% accuracy with the XGBoost classifier and
HADD as a key aspect. Lastly, the RF with the HOL
dataset and symptoms as the target reached an accuracy
of 86% for AE. SHAP values reveal the impact of input
variables on research-oriented models' predictions. For
instance, at RoF (Figure 1), Tendency to fall and age are
dominant drivers, while features like the Dizziness
emotional subscore, and the Hospital Anxiety and
Depression Scale (HAD A D) have moderate influence.
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Figure 1. SHAP value for Risk of Fall.

The study demonstrates that Al models can predict

critical endpoints, aid early risk stratification, guide

personalized rehabilitation, and improve long-term tele-
rehabilitation outcomes, but face limitations like
retrospective data and potential bias.References
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Introduction

Breast cancer screening guidelines increasingly
incorporate magnetic resonance imaging (MRI) for early
detection [1], leading to a surge in imaging volume.
Artificial intelligence (Al)-driven solutions can aid
radiologists in interpreting these images. However,
developing Al models is often hindered by data privacy
constraints and the need for extensive manual
annotations. This study investigates the integration of
weakly supervised learning and Swarm Learning (SL) to
facilitate privacy-preserving breast cancer detection [2].

Materials and Methods

A combination of weak supervision reducing reliance on
detailed manual annotations and SL allowing
decentralized model training across institutions was
utilized. The Duke dataset was obtained from The Cancer
Imaging Archive (TCIA), while the USZ, CAM, UKA,
and Mitera Hospital Athens (MHA) datasets were
collected by institutional partners within the ODELIA
project under approved ethical protocols. The training
dataset consisted of 1372 bilateral breast MRI exams
from the US, Switzerland, and the UK. External
validation was performed on 649 exams from Germany
(UKA) and Greece (MHA). We benchmarked several
deep learning models including 2D-ResNet50, 3D-
ResNet18/50/101, 3D-DenseNetl21, and multiple
instance learning (MIL) variants (Att-MIL, ViT-MIL,
and ViT-LSTM-MIL).

odel - 40% Data . ™

ResNet50-2D Att-MIL VITMIL \.TlerMn. D seNet121-3D ResNetl8-3D  ResNetSO-3D  ResNetl0l-3D

Figure 1. AUROC comparison of models trained
locally, centrally, and via Swarm Learning. 3D-
ResNet101 with Swarm Learning achieved the highest
performance.

Results

The study demonstrated that 3D-ResNet-101 achieved
superior classification accuracy compared to other
architectures. Furthermore, models trained using swarm
learning (SL) consistently outperformed those trained on
individual institutional datasets, highlighting the benefits
of decentralized collaborative training. On the UKA
dataset, the SL model achieved an AUROC of 0.807,
compared to 0.743 (Duke), 0.538 (USZ), and 0.703

(CAM). On the real-world MHA validation cohort, the
SL model again outperformed local models, achieving an
AUROC of 0.821 versus 0.729 (Duke), 0.520 (USZ), and
0.673 (CAM). Additionally, explainability analyses
using GradCAM++ and occlusion sensitivity analysis
(OCA) indicated that SL models effectively focused on
tumor-relevant regions, reinforcing their potential for
improving breast cancer detection in MRI.
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Figure 2. Swarm Learning outperforms local models in
external validation on the MHA dataset, achieving an
AUROC of 0.821

Discussion

This study confirms that weakly supervised learning can
be effectively applied to breast cancer detection in MRI.
The integration of SL enables multi-institutional Al
training without centralized data sharing, preserving
patient privacy and addressing data heterogeneity. These
findings support the feasibility of deploying
collaborative Al frameworks in real-world clinical
environments.

Conclusion

The combination of weak supervision and Swarm
Learning enhances breast cancer detection in MRI by
enabling decentralized Al model training across multiple
institutions. Future work should focus on expanding
dataset diversity, optimizing model interpretability, and
evaluating the model's performance in longitudinal
settings. Additionally, addressing integration into real-
world clinical workflows will be essential for deploying
this approach at scale.
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Introduction

Functional Near Infrared Spectroscopy (fNIRS) is a
novel neurodiagnostic technique that uses infrared
radiation and physiologically relies on the hemodynamic
response phenomenon.[1] This pilot study proposes an
fNIRS acquisition protocol for the evaluation of the
prefrontal lobe activation during the performance of
cognitive tasks.[2]

Materials and methods

The signals were collected with the 18 optode fNIRS
2000C Imager from BIOPAC with a sample rate of 10Hz.
The acquisition protocol (fig. 1) was applied to five
healthy adults. It started with a resting state recording that
served as a baseline for the calculation of oxygenated
hemoglobin (HbO) concentration variations. The
cognitive task chosen was the N-back (for N=1 and 2),
where the participant is asked for each presented stimulus
whether it matches a stimulus N trials before.

Eyes open b
Eyes closed
5 6
Start - Stop &
3 4

x
! i 1 )
[ [ |
3 min
N-back 2

2 min 3 min
RS N-back 1

Figure 1. N-back task acquisition protocol. RS (resting
state), N-back 1 (cognitive task 1-back), N-back 2
(cognitive task 2-back)

The raw data were preprocessed by applying a correlation
based signal improvement filter, a band pass filter (0.01-
0.1Hz) and a linear detrending filter. The obtained signal
was converted to HbO concentration (fig. 2) using the
modified Beer — Lambert’s law.

Results

The HbO concentration values for each subject were
separated in three blocks corresponding to the resting
state, the 1-back task period and the 2-back task period.
Welch’s ANOVA and Games — Howell post hoc tests
were performed on the three blocks. In all cases a
statistically significant difference (p<0.01) is observed
between all three blocks. HbO concentration is highest
during the 2-back task performance.

Figure 2. Oxygraph: Time variation of HbO (red) and
HbR (blue) relative concentrations, calculated after data
preprocessing for the 18 optodes.

Discussion - Conclusions

fNIRS is a non-invasive and flexible diagnostic
technique that can record activation in the prefrontal
cortex. Despite the limited number of participants, the
proposed protocol demonstrates reliability, as the small
sample rate along with the duration of each task provides
a considerable number of measured values per person.
Further research should be conducted to investigate the
efficacy of the method in normal controls and cognitively
impaired subjects, using additional variations of the
acquisition as well as the data processing protocol.
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A NOVEL WEARABLE NAVIGATION DEVICE FEATURING INTUITIVE
TACTILE FEEDBACK FOR VISUAL IMPAIRMENT (NAVISENSE)
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Introduction

The field of wearable haptics has been benefiting from
rapid technological development during the current and
past decades. Multi-sensor data acquisition and fusion,
novel sensors and advances in microcontroller
capabilities have been technologically converging,
allowing for the development of devices which can aid
people to independently navigate through unfamiliar
environments during their daily routine [1]. Thus,
wearable haptic systems could improve mobility and
safety for visually impaired people (VIP) beyond the
white cane [2]. This paper presents a wearable-
computing prototype device of our own development,
aiming to assist VIP in navigating safely, whilst
improving their mobility, confidence and autonomy.

Methods

The system’s efficiency was assessed in three different
types of experiments. The first experiment included
blindfolded navigation through an obstacle course with
randomly placed cardboard boxes comparing the
NaviSense prototype to a broomstick. The second
experiment evaluated the system’s ultrasonic sensor
obstacle detection capability for obstacles of different
height. The final experiment tracked user improvement
while using the system in which the participant was
challenged repeatedly to cross the obstacle course, each
time with a different but equivalent layout, to assess
performance improvements as they gained experience
using our prototype device. The device features a hat
equipped with ultrasonic sensors for obstacle detection,
vibration motors embedded on a belt to provide haptic
feedback for the detected obstacles and the ATmega328P
microcontroller to process the sensors’ data. The
system’s software is implemented in C and runs on the
microcontroller.

Discussion

This study investigated the NaviSense prototype’s
potential to enhance the daily mobility and safety of VIP
by using its sensing capabilities and vibration feedback.
Experimental results, including the performance
improvements shown in Figure 1, provided insights into
the system's performance and useability, indicating that
user proficiency improves over time. We believe this is
due to the relatively intuitive user interface and a
reasonable learning curve. Further research is needed to
confirm this assessment across multiple users and
obstacle course scenarios.

Conclusions

Overall, the results support our initial conjecture that a
wearable computing device taking advantage of
ultrasonic sensing and intuitive tactile feedback could
enhance the navigation and obstacle detection
capabilities of VIP. However, the study’s limited sample
size and short duration, makes it necessary for future
work to be lengthier with more participants, to evaluate
its long-term impact on independence and confidence.
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Figure 1. Indicative graph of a participant’s improving
performance in a navigational obstacle-course
challenge, while using the prototype device for several
sessions (subject 11)
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Introduction

There have been several approaches to develop
technologically-enhanced gloves aimed at active or
active-assisted hand rehabilitation [ 1]. The most common
solutions can broadly be classified into two groups: cable,
pulley and motor systems implemented as either hard-
and soft-robotics solutions, and solely soft-robotics
approaches based on actuators made using soft materials.
Combining rehabilitation techniques with serious gaming
and virtual reality (VR) has also shown promise, as users
have been found to benefit both cognitively and
physically from such an approach [2]. Some studies have
also demonstrated that having a system which combines
the simulation of virtual objects with real, physical haptic
feedback from a glove is also a promising approach. A
pilot study conducted using a VR environment found that
participants demonstrated a significant decrease in time
required to perform standard functional tasks [3].
Integrating these approaches into a single device, we
believe it is possible to create a cheap assistive glove
which leverages the advantages of each type of system.
Materials and Methods

The prototype device comprises two main components.
The pneumatic soft-robotics actuator, which provides
curling assistance, and a hard-robotics cable-and-pulley
system whose purpose is to detect finger position,
emulate tactile resistance and generate the feeling of a
virtual object being grasped by the patient. We use silicon
for the construction of the pneumatic actuators, which are
inflated and deflated by a miniature air compressor via
electronically-addressable valves. The position of a
patient’s finger is determined by fixing a 3D-printed strip
of thin plastic at the top of each glove finger. The strip is
serrated at one end in a pattern which matches the teeth
of a gear, causing it to rotate it as the finger curls and

extends (fig

Fig. 1: The red arrow shows
the movement of the plastic
strip which rotates the gear,
sensed by the Hall Effect
sensors (blue) and
interpreted as finger flexion.

Fig. 2: The strip’s range
(red) is limited by the black
stopper component, which is
adjusted by a servo motor.

The haptic feedback of
the glove for each
finger is generated by a
servo motor. The hook
on the plastic strip
prevents the finger
from curling past a certain point, as demonstrated in fig.
2. The device is partially assembled and currently

undergoing functionality testing. Initial testing includes
sensor functionality, curling assistance, haptic feedback,
data aggregation and compilation. Our development team
includes physical rehabilitation experts, including a
neurosurgeon, who will subsequently assess the glove’s
utility in a clinical setting. Final pilot testing at the
Medical School of the Aristotle University of
Thessaloniki will involve actual patients undergoing
physical rehabilitation, aiming to validate the glove’s
effectiveness in realistic scenarios. During the pilot
testing phase, we plan to assess the impact of prototype
glove with and without haptic feedback, to determine this
particular feature's efficacy.

Discussion

The microcontroller, translational and client PC software

is partially developed, while the prototype hardware is

undergoing iterative improvements. Development of
real-time data processing and integration of VR is in
progress and initial testing.

Conclusion

Our prototype device combines soft pneumatic actuators

-for curling assistance, increased safety and comfort-

with hard robotic tendons for precise resistive pressure

and extension assistance. We believe and aim to prove
that it leverages the comparative advantages of each
design approach. The device acquires and compiles data
into a report suitable to support the attending physician’s
decisions. User’s comfort is enabled through use of a
breathable glove and cushioning layers between the
user’s hand and the hard parts of the glove. The silicon
actuators can be swapped out and cast to fit exact finger
lengths of the user. The project is currently in the
prototyping stage and will be fully assembled for testing
shortly. Final pilot testing is planned in collaboration
with the Medical School of the Aristotle University.

Additionally, the glove will be run through rigorous and

durability testing in order to confirm long-term efficacy.
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Extended Abstract

Attenuation or interruption of neural pathways leads
to significant motor and sensory impairments. Conditions
such as stroke and spinal cord injury disrupt
communication between the central nervous system
(CNS) and peripheral muscles, inhibiting voluntary
muscle activation and sensory feedback. Recovery
remains possible through neuroplasticity of the CNS,
which enables the reorganization and formation of new
neural pathways in response to stimuli.

Electrical Muscle Stimulation (EMS) involves the
application of electrical pulse-trains to peripheral nerves
or muscle, eliciting contractions even without voluntary
control. EMS provides sensory input to the CNS, which
is proven to enhance neuroplasticity. Functional
Electrical Stimulation (FES) elicits contractions,
synchronized with functional activities like walking or
grasping. Over time, FES improves performance in
Activities of Daily Living (ADLs), leading to
independence and better quality of life.

Higher stimulation parameter values (frequency,
amplitude, width etc.) typically elicit stronger
contractions but increase discomfort, fatigue, and skin
irritation. Electrode placement also affects contraction
quality as small shifts can significantly alter outcomes.

An adaptive FES system is necessary to optimize
electrode placement and stimulation parameters for
efficacy and fewer drawbacks. This is achievable through
automatic calibration at the start of each therapy session,
allowing individualized treatment and home-based
rehabilitation. This paper examines optimization
methods and in vivo experimental results.
Experimental Setup and Method
Our prototype employs a microcontroller to drive two
waveform generators for electrical stimulation. Muscle
response is monitored via accelerometers on the bicep
and wrist, measuring localized twitch and flexion-related
acceleration, respectively. This setup enables real-time

contraction evaluation across 15 electrode configurations
and multiple frequency pairs.

Discussion

The graph in fig. 1 is a result of the described process.
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Results show significant variability across electrode
configurations, highlighting the need for automatic
calibration and signal parameter optimization. Stable
configurations are identified through median peak
acceleration and low variability. To enhance parameter
selection, we plan to implement a rule-based Al system
and fuse accelerometer data with EMG and flex sensor
input. We intend to increase the number of subjects to
strengthen our findings and explore real-time parameter
updates using machine learning.
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Introduction

Cancer patients’ access to healthcare has been limited
due to the Covid-19 pandemic [1], making the need for a
comprehensive e-health monitoring framework apparent
for both patients and health care professionals (HCPs).
The eCAN Joint Action [2] aimed at employing a patient-
centered telehealth ecosystem, consisting of a
teleconsultation platform, a patient mobile application
for health data collection and a web dashboard addressed
to HCPs for the monitoring of the patients. The present
work presents the real-world deployment and insights
gained from the Greek pilot within the context of the
project, emphasizing challenges and lessons learnt.
Materials and methods

During the eCAN Greek pilot study cancer patients
following the intervention arm (experiencing care
through a telemedicine platform and remote monitoring
of symptoms) participated for a period of 8 weeks. Their
participation entailed the utilization of a mobile
application. The patients were instructed to use the
mobile application on a weekly basis to report their level
of distress on a scale between 1 and 10, with 1 being no
distress. Additionally, the QLQ-C30 questionnaire [3]
was integrated within the mobile application, to be filled
in by patients on a bi-weekly basis. HCPs were instructed
to remind the patients to fill out the questionnaires.
Patients in the intervention group participated also in
weekly psychological teleconsultation sessions through
the Edumeet platform [4]. After each teleconsultation,
the HCP filled in a structured report on the web
dashboard, following the SOAP framework. The
questionnaire consisted of subjective and objective
questions filled by the HCP to evaluate the psychological
state of the patient and their experience with telehealth.
The control group followed their regular consultation in-
person schedule, as designed by their HCPs. After each
consultation, the HCPs filled in the SOAP report,
involving the same sections as the one for the
intervention group, except for a few questions addressing
teleconsultation experiences. The control group reported
their distress level to the HCPs, and they filled out the
QLQ-C30 during the first and last consultation through
the web dashboard, guided by the HCPs.

Results

18 patients with advanced cancer were invited to
participate in the study. Among them, six (6) were
immediately excluded, due to non-willingness to
participate. One (1) patient dropped out after the initial
session, wanting to attend only in-person consultations.

This resulted in eleven (11) patients completing the

study, six (6) of them belonging to the intervention

group, eight (8) females. The mean age of participants
was 54,91 years, with a SD=13,2. Participants of the
intervention group missed a mean of 1,6 sessions due to

health issues, except for one patient who only attended 5

teleconsultations. Distress data were consistently

reported by only one patient, while a mean of 4,6 distress
entries with an SD of 2,3 were missing from the
intervention group. No patient completed all QLQ-C30
reports, one (1) patient of the intervention group reported

less than 0.5h, 3 reported 0.5-1.5h, while the other 2

reported 1.5-3h travel time to the hospital.

Discussion

The missing data observed during the pilot was coherent

with the notes taken by the HCPs in the objective sections

of SOAP, reporting the difficulty of the patients in the use
of the mobile application. Patients’ low digital literacy
and lack of access to technology were also reported by
the HCPs, during the collection of lessons learnt through

a SWOT analysis conducted after the pilot completion.

While the far proximity of the patients to specialized

cancer care should have acted as a facilitator for the

adoption of telehealth in comparison to in-person
psychological consultations and despite the satisfaction
of the patients reported by the physicians, the adherence
to the study protocol was extremely low. More in-depth
research, collecting personal views and a higher number
of participants is required to extract conclusions towards
the application of telehealth services in the Greek reality.
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Introduction

Soft robotics rapidly evolve focusing on designing robots
with flexible materials to enhance safety, adaptability and
ease of use during robot-user interaction. Pneumatic soft
robotic gloves (pSRGs) have been developed to assist
individuals with hand disabilities by providing controlled
movements through pump-fed 3D printed actuators.
Important aspects of pSRGs include strength, flexibility
and user comfort [1]. In our design approach, Finite
Element Method (FEM) is used to analyze stress
distribution, deformation, and material performance,
while Boundary Element Method (BEM) is applied to
study boundary interactions and reduce computational
complexity. This study aims to further develop the pSRG
actuators of the NeuroSuitUp/HEROES project [2].

Methods

FEM/BEM combined approach will be used to optimize
the project’s pSRG development. FEM can discretize the
whole model while BEM only the boundaries. In this
project we will use the quadratic method, as it provides
balance between accuracy and computational cost, in
order to determine the values of stress, strain and
deformation using FEM and noise reduction of the pump
using BEM. [3]. Simulations in Abaqus utilize Silicone
elastic material. We divided the elements using FEM and
BEM with quadratic interpolation into 260000 elements
while setting the steady point for finger bending and
apply 30KPa of pressure and gravitational pull.

Expected Results and Discussion

Post-simulation the points of increased load are checked
for redesign and reinforcement needs. The results show
the maximum bending of the actuator (Figure 1) as well
as the places where increased load is applied (Figure 2).
Post-model creation, the project will entail Arduino code
development and testing values components creation.
Finally, it will lead to 3D printing the actuator prototypes,
PSRG assembly, testing and validation. The prototype
must meet easiness to wear and user comfort needs. The
initial testing and safety check will be conducted with the
necessary calibrations in order to be deployed for further
validation. Final goals include actuator integrity and
strength, flexibility and safety as essential parts of the
SRGs in order to achieve the project’s purposes of patient
rehabilitation.

ODB: 30KPa_Rev00.odb Abaqus/Standard Learning Edition 2024
X

Figure 1. An individual pneumatic actuator’s (“finger”)
bending model

30KPa_Rev00.odb Abaqus/Standard Learning Edition 2024
Figure 2. Modeling increased load points during bending
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Introduction

Dose monitoring is necessary for optimizing
occupational radiation protection in fluoroscopically-
guided interventions [1,2]. The aim of this study is to
monitor scattered radiation in case of a phantom-based
study simulating fluoroscopically-guided  hip
interventions, for optimizing staff positioning.

Materials and Methods

The phantom consisted of a titanium total hip
replacement implant (femoral stem component with
length 19.5 cm and a femoral head), embedded in a
plastic water tank (L=45cm, W=36cm, H=18cm). The
implant was placed on 6cm PMMA plates within the
water tank. The phantom was imaged with a C-arm
Siemens Cios Select Fluoroscopy system, in pulsed
fluoroscopy (5pps), employing three fluoroscopy modes
[low dose rate (LDR), normal dose rate (NDR) and high
dose rate (HDR)], field of view (FOV) = 23 cm, in
undercouch geometry. Scattered radiation (dose rate) was
measured utilizing an RTI ion chamber survey meter.
Measurement points considered various angles around
the phantom (0° to 315°; step: 45°) at a distance of 50 cm
and height 85 cm from the ground. Dose rate was used
for estimating gonad equivalent dose for various staff
positions, considering average fluoroscopy time 60s per
intervention, normal fluoroscopy mode, annual workload
of 250 interventions and presence of protective apron of
0,5 mm Pb equivalence.

Results and Discussion

Figure 1 provides scattered radiation distribution (dose
rate) for LDR, NDR and HDR fluoroscopy mode. Table
1 provides scattered radiation (dose rate) and
corresponding annual gonad equivalent dose values for
optimized staff positions during fluoroscopy-guided hip
interventions. Optimized positions for Head surgeon and
Assistant surgeon were selected by the lowest dose rate
values, corresponding to 45° and 135, respectively.

Conclusions

Monitoring spatial distribution of scattered radiation
under intervention-specific conditions can be used for
reviewing and optimizing staff positioning.

Scattered Radiation Dose rate (uSv/hr)

s LDR

e HDR

Figure 1. Scattered radiation (dose rate) distribution
during low dose rate (LDR), normal dose rate (NDR) and
high dose rate (HDR) pulsed fluoroscopy (no zoom).

Table 1: Scattered radiation (dose rate) and
corresponding annual gonad equivalent dose for
optimized staff positions during hip interventions.

. Staff Position Scattered Gon.a d
Medical . Equivalent
(Distance/ Dose Rate

Staff Angle) (uSv/h) Dose

g i (nSv/year)
Head surgeon 50 cm / 45° 49.41 10.29
Assistant surgeon 50 cm/ 135° 42.21 8.79
Nurse 100 cm /315° 18.97 3.95
C-arm operator 200 cm /270° 0.12 0.03
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Introduction

Stereotactic radiosurgery (SRS) is a radiotherapy
treatment approach, employing high dose gradients and
increased dose per fraction. In cranial SRS, stringent dose
delivery spatial requirements (<lmm) may be necessary
to ensure treatment efficiency especially if small targets
are involved [1]. Target localization accuracy often relies
on spatial fidelity of Magnetic Resonance (MR) images
used in treatment planning due to superior soft-tissue
contrast as compared to other imaging methods.
MR-related spatial distortion is distinguished in two
types [2]. Sequence-independent distortions are related to
the nonlinearity of the gradient magnetic fields, while
sequence-dependent distortions are related to static
magnetic field inhomogeneities, susceptibility-induced
spatial offsets and the chemical shift effect.

A proposed method for determining MR-related
distortion is by scanning a phantom with high contrast
markers (referred to as control points, CPs) and
processing the obtained images with a localization
algorithm to facilitate distortion detection and evaluation.
For this purpose, a custom software was developed, using
python programming language.

Materials and Methods

A phantom made of acrylic was used for scanning. The
phantom consists of 11 parallel acrylic planes which
contain 1978 holes in total. A CP is defined as the
geometric centroid of each hole.

An algorithm for CP was developed, requiring minimum
user input. More specifically, the user enters a reference
image (e.g., a geometrically accurate CT scan) and up to
two MR scans with opposite read gradient polarity. A
threshold level is selected by the user and the rest of the
processing is automated. The algorithm applies different
shape filters to distinguish between holes and other
objects or noise in the created 3D binary image. The
geometric centroids of all qualified objects are calculated
in the 3D space, serving as CPs. The latter are matched
among images after applying a rigid transformation
matrix to spatially co-register all images. Finally, the
algorithm statistically analyzes the detected distortion of
both types and presents relevant distortion maps in a user-
friendly graphical interface.

Results
Threshold sensitivity was estimated to be (0.031 £+ 0.001)
mm per 10 pixel intensity units. Moreover, the overall

Table 1: Statistics of absolute sequence independent distortion

X (mm) Y (mm) Z (mm) Magnitude {mm)
maximiin 1.3 1.5 0.6 1.7
mean (0.5 0.5 0.2 (1.8
median 0.4 0.4 0.1 (1.8
st. deviation 0.3 0.3 0.1 .3
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Figure 1: Quiver plot showing sequence independent distortion
vectors on a plane at 61 mm from machine’s isocenter on Y axis

uncertainty of the CP localization procedure was
estimated to be <0.2 mm.

As a feasibility study, the phantom was MR- and CT-
scanned by a Philips Achieva 1.5T MRI scanner and a
Siemens Somatom scanner, respectively. The sequence
independent distortion was quantified by implementing
the developed software and the reversed read gradient
polarity method [2]. An analysis of the detected distortion
magnitude is presented in Table 1. An indicative
distortion map, using one of the software’s plotting
options is shown in Figure 1.

Conclusion

The developed algorithm demonstrates adequate overall
uncertainty of the order of 0.2mm. Results are user-
independent due to the insensitivity of the selected
threshold. With the use of this software, the distortion
magnitude of MR imaging protocols can be efficiently
quantified and visualized for further evaluation in a user-
friendly interface.
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Introduction

Innovation in transitional care is essential for improving
patient outcomes, reducing hospital re-admissions, and
ensuring a seamless healthcare experience. However, its
implementation is often hindered by various barriers such
as financial constraints [1] and communication [2]
challenges. This study explores the barriers and enablers
in Greek healthcare system, incorporating the
experiences of healthcare professionals and patients.
Materials and methods

A mixed-methods approach examined perspectives of
patients and healthcare professionals in Greece. A
structured questionnaire identified challenges and
enablers, while semi-structured interviews provided
deeper insights. Quantitative data was collected from
health care professionals and patients through an online
questionnaire that included multiple choice questions for
the barriers and enablers of innovation in transitional
care. Questionnaire responders were asked if they agree
to be contacted for a follow-up interview that validated
and expanded on the findings of the quantitative analysis.
Results

Nine (9) patients (8 female, 1 male) and nine (9)
healthcare professionals (3 female, 6 male) answered the
online questionnaire. Five (5) healthcare professionals
and three (3) patients participated in the interviews.
From the patient perspective, the most commonly
reported challenges included emotional stress (60%) and
financial difficulties (40%). Support services during the
transition were scarce, with only 30% receiving a follow-
up call or access to a care support group. Satisfaction with
the transition process was low, with 44% reporting they
were unsatisfied or very unsatisfied. Most participants
selected better community resources and financial
assistance (70%) and personalized care (60%) as top
areas for improvement.

Healthcare professionals identified the creation of clearer
reimbursement and funding models to support innovation
as the most important need (55%). Technology was seen
as a key enabler, enhancing team communication (55%)
and supporting remote monitoring (40%). Key areas for
innovation included discharge instructions and
medication management (66%), data sharing and
interoperability (66%), healthcare coordination (55%),
and post-discharge home-care services (55%). The main
challenges to adopting innovation were staff resistance to

change (55%) and difficulty integrating new technologies
into existing systems (55%).

All interviews highlighted gaps in post-discharge care,
especially the need for better follow-up and digital
support. Resistance to new technologies was a major
barrier for both patients and professionals, emphasizing
the need for improved communication and training to
support adoption and enhance care transitions.
Discussion

The study identified key barriers and enablers in care
transitions. However, its findings may be influenced by
the small sample size and uneven gender representation.
Despite these limitations, several notable insights
emerged. Financial challenges were a significant concern
for both patients and healthcare professionals—patients
struggled with affordability, while professionals sought
clearer reimbursement and funding models. Additionally,
patients lacked follow-up calls and support services,
while healthcare professionals recognized technology as
a crucial enabler that could address these gaps.
Conclusions

This study reinforces previous research within the
context of the Greek healthcare system. The findings
highlight the urgent need for innovation in transitional
care services, particularly through the integration of
advanced technologies.
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Introduction

In cardiovascular physiology, the size, shape, and
structure of the intraluminal thrombus (ILT) are
particularly important since, in 70—80% of patients with
abdominal aortic aneurysms (AAA), an ILT covers the
vessel wall [1]. However, the exact role of ILT in this
context remains unclear and controversial. Building on
previous studies that primarily examined the presence,
size, and consistency of ILT [1,2], this study aims to
clarify the dimensions of the two distinct layers of ILT:
the luminal layer and the medial/abluminal layer.
Additionally, it seeks to explore how these layers relate
to the AAA maximal diameter and other relevant AAA
parameters.

Methods: In a retrospective study involving 17 patients
with AAA, STL files from 3D models of intraluminal
thrombus were utilized to analyze its layers. The 3D ILT
models used as input were generated from patient CT
scans in the context of the SAFE-AORTA project. The
structure of the intraluminal thrombus was classified into
established layers, including the luminal layer and the
medial/abluminal layer. To extract the luminal layer and
calculate its exact surface, we employed various filters
from the Paraview post-processing visualization engine,
such as Surface Normals, Connectivity, and Threshold
method. Paraview was also utilized to estimate the
integration of ILT surface value and visualize the results
of each patient.

Results: ILT was observed in nine out of 17 patients (age,
mean + SD: 70.23 £ 8.57, male: 94.12%). Representative
distinct ILT layers are shown in Figure 1. Table 1 shows
the results for the surface of both ILT layers in patients
with AAA.

Figure 1. Representative Figures of the distinct ILT layers.
Up: Both Layers (Luminal & Medial/Abluminal)
Down: Luminal Layer.

Table 1: Calculation of the surface of ILT layers in
patients with AAA using the Paraview toolbox

Patient No- luminal medial/ medial/
maxD AAA! whole ILT abluminal abluminal
(Gender- ILT layer ILT layer to luminal
Age) surface?  surface? surface’ layer
1-33 (M-81)  10642.7  4090.02  0552.68 1.6021
2-73 (M-89) 10516 426732 6248.68 1.4643
3-43(M-63) 110259  4427.71 6598.19 1.4902
4-45(M-57)  19134.1  6983.57  12150.53 1.7399
5-33 (M-57)  14535.1  5139.59 9395.51 1.8281
6-34 (M-70) 13619.7  5030.83 8588.87 1.7072
7-36 (M-81) 10398 3584.95 6813.05 1.9004
8-55(M-76)  3421.81  1488.12 1933.69 1.2994
9-39 (M-65) 153684  5430.69 9937.71 1.8299

'maxDiameter of AAA in mm, %surface in mm?

Discussion: Moderate negative correlations were

observed between the entire ILT or its layers, and both

age and neck diameter. Additionally, strong negative

correlations were identified between the ratio of the

medial/abluminal layer to the luminal layer and: a) neck

diameter (r = -0.73, p = 0.03) and b) maximum AAA

diameter (r = -0.65, p = 0.05). Future research involving

a larger and more diverse population could further

validate and expand these findings.

Conclusion: This approach may improve our

understanding of ILT's role in AAA progression and

could benefit decision-making in pre-operative planning

in endovascular repair.
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Introduction

Schizophrenia is a chronic psychiatric disorder
characterized by disruptions in cognition, thought, and
perception and is linked to regional brain disconnection
[1]. EEG signal analysis has offered unique insights into
brain region interactions through neuronal oscillations
and cross-frequency coupling with high temporal
resolution. This study utilized source-level EEG analysis
for localization of neural networks involved.

Methodology

The used dataset comprised of two groups (paranoid
schizophrenia patients (F20.0) and healthy controls) of
14 subjects (7m:7f each, age (2745 y.0.) and gender
matched). Patients were unmedicated for a minimum of
7 days and were not very early stage ( i.e. first psychotic
episode) or suffered another organic or major
neurological disorder. In this preliminary analysis,
Multivariate Autoregressive (MVAR) modelling was
performed on 2 recordings (15 min eye-closed resting
state) from both groups. A 19-channel 10-20 EEG
montage and sampling frequency 250Hz were used.
Preprocessing included mapping channel locations,
down-sampling (100 Hz), re-referencing to average
reference electrode and applying FIR filter at 1 Hz
(shown to improve Independent Component Analysis
(ICA) performance) [2]. Bad channels and/or time series
were removed and after interpolating rejected channels,
ICA and ICLabel were used to differentiate ICs that
contribute linearly to produce the recorded signal and
flag them as brain or artifact. Non-brain ICs were
removed. Locations were co-registered on the MNI head
model and dipoles were fitted for each of the ICs using
DipFit (representing sources in 3D space). Connectivity
metrics such as Dynamic Directed Transfer Function
(dDTF) were calculated using the Source Information
Flow Toolbox (SIFT), utilizing a MV AR model the order
of which is specified using the Akaike Information
Criterion.

Results

The EEG processing pipeline managed to reduce artifacts
and localize neural sources using DipFit. Preliminary
application of SIFT produced band-specific connectivity
measures of metrics such as dDTF and Complex Spectral
Density (S) as shown in the figure below.

Figure 1: Time-Frequency Grid of alpha activity.
Frequency is represented on the y-axis and time on the
x-axis. dDTF is plotted between sources (from row to

column) and the diagonal highlighted row represents S.

Discussion

Data preprocessing was essential for isolating source-
level neural activity and extracting reliable connectivity
metrics. Future advancements will involve calculating
these metrics across subjects for validation and
integrating statistical tools to explore group-level
differences.

Conclusions

This novel MVAR modeling approach provides a useful
framework for studying functional connectivity for
schizophrenia, as with other neurological conditions [3].
By improving artifact rejection and source localization,
we aim to enhance connectivity analysis reliability, in
order to further advance functional neuroimaging
schizophrenia research.
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Introduction

Serious Games (SGs) have evolved since the 1970s from
military training tools to applications in healthcare,
research, and professional training [1]. With
advancements in technology, serious games have
integrated new interaction methods, such as eye tracking,
to enhance user experience and data collection [2]. This
study focuses on designing an ergonomically optimized
Ul and evaluating usability through eye movement
efficiency, task performance, and user engagement. By
combining eye-tracking data with user feedback, it aims
to assess the role of eye tracking in rehabilitation-focused
SGs and its impact on game design.

Methodology

The study follows a structured research protocol,
including user interface design analysis, ergonomic
assessments and best practices, and data collection on
gaze behavior [3]. To investigate the effectiveness of eye
tracking in serious games, a rehabilitation-focused
serious game, developed for the HEROES project [4]
with optimized eye-based Ul elements, incorporating the
eye tracker Gazepoint GP3 Eye model for collection of
fixations, gaze duration, and saccades. Data will be
collected through eye movement patterns, user feedback,
reaction time, Ul navigation efficiency, user fatigue
levels and task completion efficiency. Following the data
collection, a statistical analysis will be conducted to
measure the system’s effectiveness in enhancing
engagement, reducing fatigue and the overall success
rate, key factors for a successful Ul design.

Discussion

The integration of eye tracking in serious games has
demonstrated the proper UI methodologies that enhance
user engagement and the user experience and reduce
strain in the past while also providing crucial information
that would have otherwise been hidden [2].

Results

This research is expected to produce similar results,
while also slightly translating them into this different
category of serious games, namely for rehabilitation. A
comparative analysis will be conducted between datasets
collected before and after incorporating the eye tracking
data to assess its contribution and the degree to which it
impacts data quality and overall outcomes.

optimized UL
better UX
robust results

fixations
gaze duration
saccades

Figure 1. Experimental methodology diagram

References
[1] Giagloglou E., Panagiotis A., Macuzic 1., Bamidis
P. 2015. Improving Safety through gaming: A serious
game’s application for risky professions. 49th
ESReDA Seminar
[2] K.Kiili, H. Ketamo, and M. D. Kickmeier-Rust,
“Evaluating the usefulness of Eye Tracking in Game-
based Learning,” Int. J. Serious Games, vol. 1, no. 2,
Jun. 2014, doi: 10.17083/ijsg.v1i2.15.
[3] Z. Chen, “Research on the application of
ergonomics in Ul interface design,” Appl. Math.
Nonlinear Sci., vol. 9, no. 1, p. 20230787, Jan. 2024,
doi: 10.2478/amns.2023.2.00787.
[4] K. Mitsopoulos ef al, “NeuroSuitUp: System
Architecture and Validation of a Motor Rehabilitation
Wearable Robotics and Serious Game Platform,”
Sensors, vol. 23, no. 6, p. 3281, Mar. 2023, doi:
10.3390/s23063281.

Keywords:
Eye Tracking Serious Games, User Interaction,
Ergonomics in Gaming, Rehabilitation Technology

Acknowledgement

This research project was supported by the Hellenic
Foundation for Research and Innovation (H.F.R.L.)
https://www.elidek.gr under the “2nd Call for H.F.R.I.
Research Projects to support Faculty Members &
Researchers” (Project Number: 4391). Special thanks to
the members of the Biomedical Electronics, Robotics &

Devices (BERD) group of the iMedPhysLab.

© 2025 EAEBIT- EAMnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENEMY-EAAnvikii Etaipia Navotexvodoyiag otig Emiotripeg Yyeiag 1 63
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




EAEBIT

www.elevit.org.gr

|| A *

NANEAAHNIO ZYNEAPIO
BIOIATPIKHE TEXNOAQTIAZ

PN
‘oe

oS EAENETY

21-231512025
Abrva | EMada

20 MaveMvio SuvEdplo

duoikwy Emotnpwy otny Yyeia:
Kawotopieg kat Mpoortikég

BRAIN NETWORK BIOMARKERS IN PSYCHIATRIC DIAGNOSIS

V. Skopintsev *, H. Kondylakis *,**, G.N. Dimitrakopoulos *,*** and A. Athanasiou * ****

* Bioinformatics & Neuroinformatics, School of Science & Technology, Hellenic Open University,
Patra, Greece ** Computer Science Department, University of Crete & Institute of Computer
Science, FORTH, Heraklion, Crete ***Department of Informatics, lonian University, Corfu, Greece
*#%* Lab of Medical Physics & Digital Innovation (iMedPhysLab), School of Medicine, Faculty of
Health Sciences, Aristotle University of Thessaloniki, Greece
v.a.skopintsev@gmail.com, kondylak@ics.forth.gr, dimitrakopoulos.georgios@ac.eap.gr,
athalkinoos@auth.gr

Introduction

Mental disorders are conditions that affect a person’s
thinking, emotions, behavior, and overall ability to
function in daily life. These disorders can be temporary
or chronic and may vary in  severity.
Electroencephalography (EEG) is a powerful tool for
studying and diagnosing mental disorders because it
records electrical activity in the brain in a non-invasive
manner, requires a lower level of patient cooperation than
functional magnetic resonance imaging, and is relatively
inexpensive and easily available [1].

Methods

The aim of this study is to conduct a narrative review
examining the use of EEG and functional Magnetic
Resonance Imaging (fMRI) in the diagnosis of mental
disorders. The review focused on analyses that could
provide useful information to clinicians by tracking
neuroimaging biomarkers, and especially on functional
brain connectivity, that can be detected in various
psychiatric disorders. Searches were performed on
Pubmed and Google Scholar repositories. During Jan-
Feb 2025, 178 sources were examined, of which 84 were
considered most suitable based on the keywords
"SWNs", "Functional connectivity", "schizophrenia",
"bipolar disorder", "ADHD", "MDD", "EEG", "fMRI".
Sources dated before the year 2000 were excluded and
emphasis was placed on those that had been published in
international journals.

Discussion

The two basic principles on which the organization of the
brain is based are functional segregation and functional
integration [2]. More intense activity is recorded in
specific areas of the cortex that are not observed in
normal conditions and alterations in small-world
networks (SWNs) are present (Figure 1). The biomarkers
detected in schizophrenia are EEG-microstates, the
evoked potentials mismatch negativity (MMN) and P50.
In bipolar disorder there is an increase in the waveforms
Delta, Theta, Beta and Gamma and a decrease in Alpha.
A characteristic biomarker in the case of major
depressive disorder (MDD) is the evoked potential P300.
In the case of attention deficit-hyperactivity disorder

to Beta waveforms and the evoked potentials P300 and
contingent negative variation (CNV).

Conclusion

In conclusion, we can say that there are certain stable
biomarkers that can be used for the diagnosis of
schizophrenia (Figure 1), bipolar disorder and major
depressive disorder, while in the case of ADHD the
results are not yet clear [3].

A B ?
~ Frontal
A = Temporal

l = Parietal
= Occipital

.c>c‘:
®” ®@c-<C

Figure 1. Highly clustered nodes are concentrated at the bottom of the
normal hierarchy (A); conversely, in people with schizophrenia (B),
highly clustered nodes are more evenly distributed in terms of their
degree [4].
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Introduction

Pediatric CT scans require careful attention due to
children higher sensitivity to ionizing radiation.
Balancing image quality and radiation dose is essential
[1,2]. This study evaluates the effect of image acquisition
parameters (tube voltage and tube current) on image
quality and radiation dose, aiming to define optimized
protocols (that ensure diagnostic accuracy at the lowest
possible dose) tailored to clinical indication.

Materials and Methods

A Mini CT QC acrylic phantom (diameter: 15.25 cm),
that incorporates structures of varying electron density
(bone and soft-tissue equivalent materials), was used to
simulate pediatric head. CT image acquisition was
performed using a 128-slice scanner (Somatom go.Top,
Siemens). Vendor-suggested pediatric head protocol
(100 kVp, 1Q=350) was considered as a reference for
comparison purposes. Additional exposure protocols
included tube voltage ranging from 70 to 110 kVp (step
10 kVp) and a range of tube current values (mA) defined
by user selected “IQ level” (100 to 400, step 50). Default
iterative reconstruction parameters were adopted
(strength S2 and reconstruction kernel for bone and soft
tissue).

For each tissue-equivalent material, image quality was
assessed quantitatively [Contrast-to-Noise Ratio (CNR),
Signal-to-Noise Ratio (SNR), and noise] on
reconstructed images corresponding to varying exposure
settings. The relationship between tissue-specific image
quality and radiation dose (CTDIvol) was investigated
towards optimization.

Results and Discussion

For all materials analyzed, at specific x-ray energy
spectrum (kVp constant), CNR was improved with tube
current increase (attributed to noise reduction), at the
expense of increased radiation dose (CTDIvol was
increased). Image quality indices (CNR and SNR) are
differentiated with respect to material composition.
Further considering x-ray energy dependence, the
relationship between image quality and radiation dose is
material composition dependent (Figure 1, Figure 2),
suggesting the importance of clinical indication-specific
optimization.

Conclusions

Optimizing image acquisition parameters in pediatric CT
is essential for maintaining diagnostic image quality
while minimizing radiation exposure. Optimized

protocols tailored to tissue/lesion properties and clinical
requirements ensure patient safety. Future research
should focus on refining dose reduction strategies
(further exploiting optimized image reconstruction
parameters) and validating optimized protocols in
clinical settings.

CNR Bone - S2 110kvp
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90kVp
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T0KkVp

. .
x
\

CNR
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(100kVg)

. 1Q Level CTDIvol (mGy)
Figure 1. Diagram illustrating the relationship between
scan parameters, radiation dose, and image quality in
case of Bone equivalent material. The "Reference
protocol" (100 kVp) serves as a standard benchmark for
comparison.
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Figure 2. Diagram illustrating the relationship between
scan parameters, radiation dose, and image quality in
case of Polyethylene material.
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Introduction

One of the main challenges encountered in gamma
spectrometry, particularly in the low-energy region, is the
self-absorption effect. Self-absorption refers to the fact
that photons emitted by the sample, are absorbed by the
sample itself. This study examines aspects of this
phenomenon in the gamma spectroscopic analysis of
environmental samples. The objective was to develop a
correction method for this phenomenon with direct
implementation in measurements performed by the
Environmental Radioactivity Monitoring Unit (ERMU)
of the Greek Atomic Energy Commission (EEAE).

Materials and Methods

Experimental and computational calibration of the
detection system used for the measurements was
performed, and a correction method was developed,
based on estimating a corrective factor of the efficiency
as the calibration source differs from the sample material
leading to different self-absorption intensity. The
extraction of the efficiency reduction factor values
involves a double integral calculation.[1] The parameters
involved in this calculation were experimentally studied.
One of them is the linear attenuation coefficient for which
there is no complete database for environmental samples
due to their variation in density and chemical
composition. Within the framework of this study, an
experimental setup and a method of determination were
developed and tested for their accuracy.

Results

The contributing parameters were successfully
determined, and the correction factors were calculated
through numerical integration. Experimental values of
the linear attenuation coefficient were determined for
the calibration source and the samples of interest.

Discussion

An interactive user-interface application was created for
the sufficient utilization of the correction method, which
achieves the extraction of tabulated self-absorption
correction factor values for any detection system,
provided the user inputs a dataset of the contributing
parameters. This can be employed for systematical
correction for the self-absorption effect, which is a
requirement of the ISO 20042:2019 standard [2]
implemented by the ERMU of EEAE.

Conclusions

The precise assessment of radioactivity in environmental
samples is of high importance within the environmental
radioactivity monitoring field to ensure the radiation
protection of workers and the environment, in
compliance with the international basic safety standards.
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Introduction

The aim of this study was to investigate the differences
in electroencephalographic (EEG) responses between
patients diagnosed with major depressive disorder
(MDD) and healthy controls [1],[3],[4]. The dataset was
provided by the MODMA organization [6] and included
EEG measurements from 24 MDD patients and 29
healthy participants, aged between 16 and 52 years. Such
a comparison could benefit advancements in early
diagnosis and improve the understanding of MDD.

Methods

Event-Related Potentials (ERPs)[fig2] were extracted
from the dataset’s 128-channel EEG recordings.Data
processing was performed on the EEGLAB toolbox in
MATLAB [2]. Sampling rate was 125 Hz, band-pass
filtering was performed at 1-20 Hz,and,through
extentions background noise, artifacts, and bad channels
were recognized and eliminated, ensuring the removal of
any unwanted data .

Results

Initial analyses revealed distinct differences in EEG
patterns between the MDD group and the healthy control
group [figl]. Statistical comparisons of event-related
potential (ERP) amplitudes and latencies showed no
significant deviations between the two groups, with p-
values exceeding 0.05. These comparisons were
conducted using permutation statistics with False
Discovery Rate (FDR) correction to account for multiple
comparisons.

Figure 1: avarage erp of healtyh (left) and MDD (right)
participants

B |

Figure 2: erp of a single participant

Discussion

Despite extensive analysis, our findings suggest no clear
electrophysiological differences between individuals
with MDD and healthy controls. The lack of significant
ERP amplitude and latency differences may indicate that
the specific ERP components examined in this study are
not sensitive markers of MDD under the current
experimental conditions. Further studies with larger
sample sizes, different experimental paradigms, or
additional neurophysiological measures may be required
to better capture potential group differences.

Conclusion

These results highlight the complexity of identifying
reliable biomarkers for MDD in EEG studies and
underscore  the importance of refining both
methodological and conceptual approaches to studying
depression using neurophysiological techniques.
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Ewayoyn

H Exevliotikn Nocog tov MecsoonovdvAiiov Aickov
amotedel pio VOGOAOYIKH ovtotnTo pE ovEovOUEV
enintoon otnv obyypovn €moyn, He TIG Olobéoiueg
OepamevTikég pebodovg va mapovclalovy TEPLOPIGUEVN
aroteheocpotikotnto [1]. Ynd oavtd 10 mpiopa, 1
AVTIKOTAGTOOT  TOL  TaHOAOYIKOD  HECOGTOVIVAIOL
dlokov pe éva avemtvypévo pe TG pebBoddovg g
Iotounyavikng, Broroyd gvepyo gueLTELULA
(Iotopnyovicd Avertvypévog Mesoomoviviiog Aiokog
—IAMA) amotelet pio Bepntikd eAkvotikny enthoyn [2].
Yromdg g peAétng avtig eivor m aloddoynon g
EUPOUNYOVIKNG CUUTEPLPOPAS ELPLTEVHATOV TAMA,
TPOG GLOYETION NG EYYVTNTOG LE TOV (QUOIOAOYIKO
HEGOGTOVOVALO HioKO.

YMko kor Mé0odog

Apywcd, evvéa TPOPEOL  OLYEVIKOL HEGOGTOVIVALOL
diokotr a&loroynOnkav ex vivo egufounyovikd oe
eheyyouevo epyaotnplokd mepPdirov. H avdivon
TPOYLOTOTOMONKE pE TNV OlEVEPYELD LLOVOOEOVIKDV
afloloynoemv pe TV €QOPUOYT OOKIUAV KUKAIKNG
oLUTiEONG, EPTLCHOV Kot €AEyYOV opiov Bpavong pe
oKomo TNV amdKkINon dedopévav avoeopds. Ev cuveyeia,
mpoypotonomOnke in vitro avdmntoén IAMA pe v
EUPVTELOT OVOPOTEIWV UECEYYVUATIKOV PAACTIKOV
KUTTAPOV TPOEPYOUEVOV OO MIMOT 1070, G€ LVPPLOKE
OPACIKA IKPLOUATO, OTOTEAOVUEVO OO TPLoOAcTATO
EKTUTOUEVT] TOAVKOTPOAAKTOVN Kol KOAAo wikng. H
eupopmyavikny oE0AOYNON TPAYLOTOTOMONKE LE TIG
TpoavopepBeices SOKYLOOIES GE OKVTTAPIKG IKPLDLOTO
TOADKOTPOAUKTOVIG KOL EV CLVEXEID GTO. OLOKAT pPOUEVAL
KUTTOPIKG EPLOVTEOUATA, LE GVYKPLTIKY 0&loAdYNoN TOV
ELQLTELHATOV TO, OO0 KOAMEPYHONKAY 7| O)L O PEGO
YOVOPOYEVOVG BLOLPOPOTOINGNG.

Amnoteréopato

Apykd, N oEOAOYNON TOV OKVTTOPIKOV IKPLOUATOV
TOAMDKOTPOAUKTOVIIG  GUVEIGEPEPE  ONUOVTIIKG  OTNV
poduion TOV TOPOUETPO®V TNG EKTOAWOONG Yo TNV
KOTOGKEVT] TOV TAEOV OVTITPOCOTEVTIKOD IKPIOUATOG,
vd TV €vvoll TNG HEYAAVTEPNG EYYLTNTOG WLE TOLG
@VGLOAoYIKOVG diokovg oTlg Tpelg dokipacieg. Ev
cuveyele, TO KLTTOPIKE EUELTEDHOTO TOPOLGIOCAV
VYNAOTEPN UNYXOVIKT] OVTOYY], LE TNV VTOOUASH TV
EUQLTELUATOV  KoAMEPYELNG OE HEGO XOVOPOYEVODG
dtapoponoinong v Tapovstdfovy TEPUTEP® adENOT
NG AVTOYNG OTIV CULUTIESTIKT POPTION OTNV doKipacio
gAéyyov opiov Bpavomng, evpnua to omoio cvoyetiletot
LLE TNV TPOOY®YN TNG TTopory@yg eEmKkuTTapLlog Bepédiog
ovciog.

Yopnepdoporto

Ta cvvbeta epputedpata IAMA napovciocay a&ioloyn
EYYOTNTO LE TOVG QUGLOAOYIKOVG HEGOCTOVODALOVG
diokovg og emimedo gUPLOUNYAVIKIG CUUTEPLPOPAS KOt
OTIC TPELG JOKIUAGIEG, YEYOVOG TO Omoilo To. KaBoTd
KOTAAANA 7pog evuputepn  OaEOAOYNON  pEe  TAEOV
TOMTOPOUETPIKE  pétpa  €KPaong o  UEMAOVTIKEG
HEAETEG.
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Introduction

Modern hospitals are vast and often complex
environments. Their intricate layouts can make
navigation challenging for patients and caregivers,
especially those unfamiliar with the hospital’s internal
organization. Wayfinding solutions seek to enhance the
efficiency and quality of intra-hospital navigation for all
visitors. Five key stages are involved in such an effort:
(1) review existing literature on hospital navigation aids
to understand current solutions and gaps, (2) conduct
targeted surveys to assess the specific needs of different
communities and the unique requirements of the hospital
in question, (3) develop a unified action plan with input
from all stakeholders, addressing legal, logistical, and
technological considerations, (4) implement the
navigation aid infrastructure, ensuring accessibility,
reliability, and integration with existing systems and
lastly, (5) monitor system performance continuously,
analyzing user feedback to guide iterative improvements.
This extended abstract focuses on building a foundational
understanding that will inform subsequent stages of the
initiative.

Materials and Methods

A narrative review of relevant literature was conducted
using the PubMed and Scopus online databases. Search
terms included “hospital site navigation” and “hospital
wayfinding.” Books relevant with site navigation were
also utilized. In addition to academic sources, a search
for already established hospital navigation service
providers was performed using standard web search
engines. The technologies and techniques employed by
these providers are summarized in the following section.
Results

Hospital visitors’ wayfinding behaviour is influenced by
the reason for their visit, as well as by space and time
constraints. Visual cues that allow them to confirm time
and distance are essential in emergencies [1]. People
usually follow the main route unless they already know a
shortcut. Providing pre-visit information, such as
directions to the hospital, parking availability, and
customized floor maps with step-by-step guidance to the
intended destination can significantly reduce wayfinding
time and stress for patients and visitors [2]. A variety of
technological aids have been implemented to improve
hospital navigation for visitors, spanning from traditional
installments (stationary digital info kiosks) to solutions
that integrate hospital infrastructure with data provided
through visitors’ smartphone applications. These
solutions provide turn-by-turn instructions using maps,
combining audiovisual cues with multi-layered

interactive maps, and can even implement augmented
reality. The wireless technologies supporting these
systems include Wi-Fi, Radio-frequency Identification
(RFID), Global Positioning System (GPS), and
Bluetooth Low Energy (BLE) [3]. An alternative
smartphone-based approach, which avoids the need for
continuous wireless infrastructure maintenance, involves
the use of QR codes placed throughout the hospital.
These can be scanned to instantly convey the user’s
location to a navigation app [4]. Modifications of the
above solutions, such as embedding the wireless beacons
in indoor flooring, or using specialized smartphones with
haptic feedback, have been proposed to assist visually
impaired visitors in hospital navigation. More forward-
looking ideas include autonomous electronic wheelchairs
or assistant robots [5]. Existing hospital navigation
service providers are listed in Table 1.

Table 1: Existing hospital navigation service providers

Website Services offered

https://www.mappedin.com/indu
stries/hospitals-healthcare/

Developer and end-user tools
(software development kit, site
directory, directions, map building)
Navigation, asset tracking, indoor
traffic monitoring

Existing Wi-Fi infrastructure-based
indoor positioning, developer tools
Navigation, wandering patient and
healthcare staff safety system, asset
tracking

https://navigine.com/industries/h
ealthcare
https://register.apple.com/indoor

https://www.rfiddiscovery.com/e
n/solutions/indoor-wayfinding-
for-hospitals

Conclusion

Improving wayfinding in hospitals requires a multi-step,
systematic approach. Recent technological aids offer a
stress-free hospital visit, tailored to users’ custom needs.
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Introduction

Stereotactic radiosurgery (SRS) can be utilized not only
for treating cranial tumors, but also for functional
disorders including Parkinson’s disease (PD) tremor and
trigeminal neuralgia (TGN) [1]. For this to be achieved,
a high amount of beam energy must be focused on a very
small target volume (~mm) [2, 3] using conical
collimators (physical cones) adapted on the Gantry Head
of a Linear Accelerator (LINAC).[4]

Due to many limitations associated with physical
cones,[5] Popple et.al.[6] developed an alternative
method known as Virtual Cone Technique. In this
approach, the central two leaves of the multileaf
collimator are positioned in a small gap, and non-
coplanar arcs at different table positions and with
collimator angles of 45 and 135 degrees are employed.
The dose provided by the LINAC is proportional to the
sine of the gantry angle, delivering a spherical dose
distribution at the target volume, equal to physical cones.
The aim of the current work was the evaluation of this
technique.

Materials and Methods

In this study, treatment plans were developed using the
VC technique in Eclipse treatment planning system
(TPS), utilizing AAA Version 15.6.06 calculation model
on an anthropomorphic head phantom, with a Dosimetric
Leaf Gap (DLG) value of 0.36 mm and a 2.1 mm leaf gap
(LG) of the two central leaves of the MLC. The plans
were recalculated and delivered on the OCTAVIUS 4D
phantom, equipped with 1600SRS (PTW) ion chamber
array, using a 10 MV (2400MU/min) FFF beam of an
Edge LINAC (Varian Medical Systems), equipped with
a 120 leaf HD MLC. Thereafter, the measured dose
distributions were compared to the ones calculated by the
TPS, applying a gamma analysis for plan verification and
deliverability of the technique. The gamma criteria
utilized were 1mm distance to agreement and 3% and 5%
dose difference.

Results

The gamma analysis results showed a gamma passing
rate of 90.1% & 95.1% (gamma criteria 1mm/5%) and
88.3% & 84.8% (gamma criteria 1mm/3%), for 50% and
10% threshold, respectively.

Discussion

Comparing our results with the results of the gamma
analysis of Brown et.al.[5] after EBT3 film irradiation,
they showed a higher gamma passing rate of 99.4%
(gamma criteria 1mm/2%) with 10% threshold. The
difference between Brown's study and ours could
originate from their use of films for verification, which
offers superior spatial resolution compared to a detector
array. Our future steps will involve the implementation
of film dosimetry in plan verification in combination with
refining various model parameters for the optimal
outcome.

Conclusions

Virtual Cone technique could successfully replace the
use of physical cones in clinical practice for SRS
treatment of functional disorders. Further refinement is
required for the implementation of the technique
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Introduction

Planar scintigraphic imaging (PS) with I-131 remains the
gold standard in monitoring patients with well
differentiated thyroid cancer (DTC) after initial surgery.
However, interpretation of PS is often limited by non-
specific radioiodine uptake, which may lead to false-
positive findings due to physiological or benign uptake in
normal tissues [1-4]. Hybrid imaging systems, such as
SPECT/CT, integrating functional data with anatomical
localization from low-dose CT. This study assessed the
added additional diagnostic value of post-therapeutic
SPECT/CT+WBS in terms of assessing recurrence in
patients with DTC.

Materials and Methods

This retrospective study included 205 patients with DTC
who underwent post-therapeutic WBS and SPECT/CT
with I-131 at the Nuclear Medicine Department of the
University General Hospital of Heraklion. SPECT/CT
was performed immediately following planar WBS to
further evaluate equivocal or suspicious findings.
Diagnostic performance, lesion characterization, and
clinical impact were evaluated. Imaging datasets and
reports were manually reviewed and interpreted by
nuclear medicine physicians. Statistical analysis was
performed using IBM SPSS Statistics 25.0 .

Results

SPECT/CT detected all lesions (N=261, 100%) of iodine
uptake observed on PS, and identified 82 additional foci
(23.9%). Combining WBS with SPECT/CT provided
higher diagnostic value in terms of interpretation of
findings, as it clarified 94 equivocal findings. The
incremental diagnostic value of metastases is also
undisputed, as 29 distant foci detected by PS were
identified and classified. Overall, SPECT/CT classified 1
equivocal PS, confirmed 3 negative scintigraphic studies,
detected and confirmed PS findings by improving
anatomic localization of sites of radioiodine uptake
observed on planar WBS in 98 patients, reclassified
abnormal findings on planar imaging by attributing them
to normal uptake in 44 patients, while in 11 patients with
positive planar scintigraphy, SPECT/CT was negative.
Moreover, in 27 scans the hybrid method detected more
foci of abnormal uptake, while in 21 patients it detected
more foci of abnormal and benign uptake.

Conclusions

SPECT/CT improved the diagnostic performance by
enhancing lesion detection and reducing false-positive

findings. In  post-ablation scans, SPECT/CT
demonstrated clear incremental value over planar
imaging by accurately characterizing equivocal uptake
sites. It identified unexpected sites of either neck lymph
node or distant metastases and clarified the presence of
residual thyroid tissue, thyroglossal duct remnants and
the existence of a thymus gland. The combination of
WBS+SPECT/CT offers a powerful diagnostic tool for
the detection and classification of regional and distant
metastases, providing better anatomical localization and
interpretation of radioiodine uptake. These findings are
in consistent with recent systematic reviews and meta-
analyses demonstrating that the addition of SPECT/CT to

WBS significantly improves diagnostic confidence,

enables more accurate staging and risk classification, and

influences therapeutic decision-making in a substantial

proportion of patients [4,5].
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Introduction
Secure and efficient sharing of medical data across
institutions is vital for advancing healthcare diagnostics,
research, and treatment outcomes. However, concerns
over patient privacy, data ownership, and regulatory
compliance have obstructed open data exchange.
Federated learning (FL) has emerged as a promising
machine learning paradigm that allows institutions to
collaboratively train models without sharing raw data. At
the same time, blockchain technologies provide
immutable, decentralized frameworks to enhance trust,
traceability, and transparency. This abstract summarizes
findings from a comparative review of recent approaches
combining FL and blockchain in the context of health
data sharing.

Materials and Methods

The review included peer-reviewed journal articles,

IEEE conference papers, and case studies published

between 2021 and 2025 that were identified through

searches conducted on Google Scholar, PubMed and

ScholarGPT, using a combination of keywords. A total

of eleven papers were analyzed, including comparative

models and three practical use case implementations. The
rejected papers did not implement federated environment
and focused on pre-trained models. The six retained
covered the federated learning setting and applied
blockchain technology to enhance transparency.

Results

The models varied in terms of blockchain architecture

(public vs. permissioned), federated learning designs

(asynchronous vs. FedAvg), and privacy mechanisms.

Key findings include:

e  Security Enhancements: Models like T-BFL[1]
employed two-dimensional trust mechanisms, while
another research work [2] used parameter masking
with asynchronous learning. Another framework
utilized resilience metrics against cyberattacks
demonstrating significant robustness [3].

e Data Storage and Validation: Some frameworks [4]
utilized IPFS and blockchain for decentralized
storage; others used smart contracts oracles for trust
enforcement[3].

e  Use Case Effectiveness: A digital twin model that
eliminates identity and raw data was proposed [5],
offering privacy-preserving simulation-based
collaboration.

Discussion

The integration of blockchain into federated learning

provides several advantages. However, significant trade-

offs exist. For instance, cryptographic techniques (e.g.,
homomorphic encryption) increase computational
complexity. Moreover, consensus mechanisms like
PBFT may not scale effectively in public blockchain
environments. A notable advancement is the shift toward
”identity-less” and “data-less” training via digital twins
[5], which introduces new paradigms for privacy in
medical Al Distinct differences across the models lie in
their trust architecture (reputation vs. smart contracts vs.
oracles), deployment models (cloud vs. edge-based) and
data contribution strategies (quality scoring, gradient
auditing, masking).

Conclusions

The use of blockchain and federated learning is
promising in forming a secure and privacy-aware
ecosystem for medical data sharing. The reviewed
models demonstrate varying strengths in scalability,
security and interoperability. Future work should
emphasize cross-domain operability and real-time use
case validation in clinical settings.
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Abstract
Purpose
The aim of this study is to estimate the typical diagnostic
reference levels (DRL) of radiation exposure values for
chest radiographs in neonates under lkg in mobile

image quality of chest X-rays that were performed in this
group.

Table 1: Comparison of typical values (median value of
DAP and ESD) with literature.

imaging at a University Hospital in Greece and to
compare these values with the existing DRL values
from the literature.

Age/

Materials and Methods

Patient and dosimetry data, including sex, age, weight,
tube voltage (kV), tube current (mA), exposure time (s),
exposure index of a digital detector (S) and dose area
product (DAP) were collected from a total of 80 chest
radiography examinations performed on neonates
(<lkg and <30 days old). All examinations were
performed in a single X-ray system and all data
(demographic and dosimetry data) were collected from
the PACS of the hospital. Typical radiation exposure
values were determined as the median value of DAP and
ESD distribution. Afterwards, these typical values were
compared with DRL values from other countries. Three
radiologists reviewed the images to evaluate image
quality for dose optimization in neonatal chest
radiography.

Results
The mean value and standard deviation of DAP, from

all examinations, was 0.13 £0.11 dGy-cm? (range, 0.01
- 0.46 dGy-cm?) and ESD was measured at 11.55 +4.96
UGy (range, 4.01-30.4 nGy). The typical values in terms
of DAP and ESD were estimated to be 0.08 dGy-cm? and
9.87 uGy, respectively. The results show that the DAP
value decreases as the exposure index increases. This
study's typical values were lower than the DRLs reported
in the literature because our population had lower weight
and age. From the subjective evaluation of image quality,
it was revealed that most of the radiographs (over 80%)
met the criteria for being diagnostic as they received an
excellent rating in terms of noise levels, contrast, and
sharpness.

Conclusion

This study contributes to the determination of typical
dose values in a rare and sensitive category of patients
(neonates weighing <1 kg) as well as information on the

© 2025 EAEBIT- EAMnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENEMY-EAAnvikii Etaipia Navotexvodoyiag otig Emiotripeg Yyeiag

DAP ESD
Reference Weight ,
Category [dGy-em’]  [nGy]
This study <l kg 0.08 9.87
R. Gilley et al. <1 kg 0.03 -
T.J.M. Minkels et al. ~ 600-1000g 0.02 -
K. Alzyoud et al. 0-1y - 130
L. Hora et al. <Skg 0.09 -
G. Compagnone Oy 0.14 -
National Diagnostic
Reference Levels in 0-1y - 200
Japan (2020)
A. Schegerer et al. <3 kg 0.03 -
RADIATION
PROTECTION N° <Skg 0.15 -
185
B. Mohsenzadeh et al. <ly - 60
A. Bouaoun et al. <4 kg 0.23 55.2
H. Kim et al. Oy 0.5 -
References

1. European Commision. Radiation Protection No
185: European Guidelines on Diagnostic
Reference Levels for Paediatric Imaging;
Luxembourg Publications Office of the
European Union: Luxembourg, 2018; pp. 1—

122.
2. ICRP, International Commission on
Radiological Protection. Diagnostic Reference
Levels in Medical Imaging; ICRP Publication:
Ottawa, ON, Canada, 2017.
Keywords:

Diagnostic Reference Revel (DRL), Typical Values,
Radiation protection, Neonatal Radiation Dose.

173

© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




EAEBIT

www.elevit.org.gr

|| A *

NANEAAHNIO ZYNEAPIO
BIOIATPIKHZ TEXNOAOTIAZ

PN
‘oe

e S EAENENY

21-231512025
Abrva | EMada

20 MaveMvio SuvEdplo

duoikwy Emotnpwy otny Yyeia:
Kawotopieg kat Mpoortikég

AIITOXQMATA DPPC:CHOLESTEROL KAI DPPC:PLURONIC F-127 ME
ENXQMATQMENH KEPKETINH: XYT'KPITIKH MEAETH
OYXIKOXHMIKOQN KAI OEPMOTPOIIIKOQN IAIOTHTQN

H. Zompomovrov*, I. ToyAnsg*, M. Toakipn*, K. Aeuétlog*

*Topéag Pappaxevtikng Teyvoroyiag, Tunua @appakevtikng, Xxohn Emetuov Yyeioc, E6vico
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Ewayoyn

Ta Mmoc®poto omoTeElodV To 7O EVPEMG HEAETUEVA
GUOTNLOTO LETAPOPAS PAPLOKOLOpimV. Aldpopotl TOTOL
POGPOMTISIOY, ®C KVPl OSopkd otoyeio, kot 1
YOANOTEPOAN, ®G PLOUGTAC TG PELOTOTNTOS TMOV
Mmdikov pepppavov, arotehodv Poacikd Podiwd yio
TNV TOPOCKELN TOVG. Q0T0G0, HOpLa, OTMG TOAVUEPT,
UTopolV VO TPOTOMOLGOLY TNV  EMPAVELD  TOVG,
TPOCHIOOVTOG  QUOIKOYNUIKY]  oTabepdTnTa. KO
BeAtidvoviog v SwmepotdtnTa. 0O ProAoyucong
opaypnots [1]. H kepretivn amotelel Eva @Aafovoeldég
uéplo pe wyvpn avioéewdwtikn opdorn. Iapd Tig
EVEPYETIKEG NG OPACELS, 1 AMTOPIAY QVGT TG Kot 1
neploptopévn  ProdlodecttdTNTd TG ATOTEAOVY  TOVG
KOPLOVG TEPLOPLOTIKOVG TOPAYOVTEG YO TNV KAIVIKN
EPAPUOYN TNG. ZKOTOG TNG TOPOVGCAG EPYACIag €ivor M
avanTuén MTOIKAV Kot YLLOPIKAV VOVOGLOTILATOV
KOTAAANA®@V Yo TNV UETOPOPA KEPKETIVNG Yo TOOVY
TOTIKT] EQPOPLOYT.

Ylkd kow M£0ooo

lNa mv TOPOCKELT TV MTOGOUATOV
ypnowonomnkay: 10 @wogoAwmidto DPPC (1,2-
dipalmitoyl-sn-glycero-3-phosphocholine), n

YOANOTEPOAN, TO TPLOLOTASIKO cupumoivpepés Pluronic
F-127 (Poloxamer 407) kot 10 Prodpactikd pHoplo
kepketiv. Ta Amoocdpate  TOpACKELASTNKAV e
eVLOGTOOM AemTOV Amidiko vpeviov Kot vepnynon. Ta
PUGIKOYNUIKA  YOPOKTINPOTIKE — TOV — GLGTNUATOV
HEAETNONKOV HEC® TEYVIKAOV OKESUGTG TOL POTOG, GTOVG
4°C xor otovg 25°C. H Sweopwkn Oeppdoperpio
olapwong ypnolponomdnke yio v a&loAdynon g
OepLKnG CLUTEPLPOPAS TV MTOIKOV STAOGTIRAS®V.

Amnoteléopata

Ta omoteléopoto TG QLOIKOYNUKNG OEOAGYNONG
VIOSNADVOLY OTL 1 OVTIKOTAGTAGT) TNG XOANGTEPOANG LLE
1o Pluronic F-127 odnyei otnv mopoackeun MmOKOV
VOVOSOUOTIOIOV HE HKPOTEPT] LOPOSVLVAUIKT S1EUETPO
Ko OgikTn ToAVSGTOPAG.

2TV TEPITTOOT TOV AMTOCOUATOV E YOANOTEPOAN, T

amofnKeLONG TGOV  AUTOCOUOK®V  JlOCTOPOV  OeV
eMNPENCE TN PLGIKOYNWKT oTafepdtnTo o8 Kapio amod
TG 600 Katnyopieg MTOCOUATOV.

Ta anoteléopoto TG Oeppiknig aviivong vrodNAdVouY
otL M egvoopdtwon tov Pluronic F-127 emnmpedletr oe
pikpotepo Pabud ™ OepLOTPOTIKY GLUTEPIPOPE TNG
AMmdwkng  dmhootfadag  DPPC. H  mapovoa
ouumEPLPOPA draTnpeitor Kot HeTd v TpocsOnkn tov
Lopilov NG KEPKETIVNG.

Zolnon

2TV GUYKEKPLLEVT] LEAETN, 1) AVTIKOTAGTOOT TOV LOPiov
™G xoAnotepOANG amd £va moAvpepés, onmg to F-127,
odfynoe oe PeATIOUEV] QLOIKOYNUIKY] GUUTEPLPOPAL,
YEYOVOG TOL SVVATOL VO SIEVKOAVVEL TV LETAPOPE TNG
kepketiving. H  Bepuikn  avdivon TV AMmTSIKGOV
SMAOGTIBAS OV TPy LATOTOWONKE e OKOTO TV OPYIKN
aflodoynon G PELOTOTNTOS  TOV  ATTIOIKOV
dumhooTifddwy. Xe emduevec peAéteg mPOKELTOL VO
diepevvnfel 1 wBavi ypnon TOV  MTOCOUIKDV
TPOTOVTWV Y10, TOTIKY] EQPOPLOYT.

Tounepdopata.

H evoopdtoon tov 1piovotadikod GUUTOAVUEPODS
Pluronic F-127 ot doun tov Mmocopdtev odnysi oe
ONUOVTIK]  dlagopormoinon kot  ovénon  T@v
mAeovekTNUdtOV, o€ oYéon WHE CLOTNUOTO  UE
EVOMUOTMOUEVT) YOANOTEPOAT.

Biploypagio

1. D. Guimardes, A. Cavaco-Paulo, and E. Nogueira
(2021) ‘Design of liposomes as drug delivery system
for therapeutic applications’, International Journal
of Pharmaceutics, vol. 601, p. 120571.

2. M. Johnsson, M. Silvander, G. Karlsson, and K.
Edwards (1999) ‘Effect of PEO—-PPO-PEO
Triblock Copolymers on Structure and Stability of
Phosphatidylcholine Liposomes’, Langmuir, vol.
15, no. 19, pp. 6314—6325.

. ; . h AEEg1g KAEWOWA:
mpocOnKkn g Kepketivig odnynoce o€ peioon g
puowoynuikng  otabepdmrag.  Avtibeta,  ota Awmochpata,  XoAnoTepon, Pluronic ~ F-127,
VOVOGUOTHUATO LE evowpotopévo Pluronic F-127, Kepketivn, Ztabfepotnra, Oeppukn avdivon
napovcldotnke avénon g otabepdtnrag katd TNV
evoopdtoon g Kepketivng [2]. H  Beppokpaocia
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REINFORCEMENT LEARNING FOR WALKING ASSISTANCE CONTROL
OF A LOWER LIMB EXOSKELETON
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Introduction

Spinal Cord Injury (SCI) often leads to paraplegia,
affecting both physical and mental health. Lower limb
exoskeletons can aid rehabilitation and improve mobility,
enhancing quality of life. Traditional models require
crutches for balance, limiting upper limb freedom.
Heavier, crutch-free devices offer slower mobility with
minimal advantages over wheelchairs [1]. This paper
presents a Deep Reinforcement Learning (DRL)
approach to ensure walking balance for the Hermes
exoskeleton, eliminating the need for additional external
support. Developed by the HERMES Team at the
University of Thessaly, this project aims to create a
robotic  exoskeleton that promotes hands-free,
independent mobility and supports activities of daily
living (ADL) for individuals with (SCI).

Materials and Methods

The proposed control system replaces the Hermes
controller with an RL agent, whose policy is designed to
find the optimal set of actions that maximize the
cumulative reward, specifically aiming to make the
exoskeleton walk in a straight line with minimal control
effort. The simulation environment for this system is
built using Simscape Multibody in MATLAB, which
models the exoskeleton's dynamics, including the flexion
and extension of the hip, knee, and ankle joints. For
training the agent, both Deterministic Policy Gradient
(DDPG) and Twin-Delayed Deep Deterministic Policy
Gradient (TD3) are utilized [2]. These are model-free,
off-policy RL methods that employ an actor-critic
architecture. The actor learns the optimal policy by
interacting with the environment, while the critic
evaluates the actions taken by the actor.

Results

The agent underwent a total of 20 simulations, 10 for
each algorithm. Table I presents the mean reward
received by the agent during the entire training period
with a 95% confidence interval for each of the two
algorithms. The TD3 algorithm achieved a higher mean
reward (177.42 + 32.7) compared to DDPG (158.87 +
14.35), indicating superior performance. Notably, TD3
achieved higher rewards with fewer steps, demonstrating
a more efficient gait pattern. In addition to the
quantitative analysis, eleven gait parameters were
assessed. Each parameter was rated on a scale from 1 to
10 as shown in Figure 1. A t-test was performed to
confirm statistical significance, revealing that TD3
outperformed DDPG in parameters such as Speed (GS),

Walking Pattern (WP), and Stability (St), while DDPG
performed better in Ground Contact (GC), Knee Angle
(KA), and Frontal Inclination (FI). Despite differences in
individual parameters, TD3 (7.99 + 1.17) outperformed
DDPG (6.34 + 1.33), showcasing its superior overall
performance.

Table 1: Comparison of DDPG and TD3

Algorithm Mean Reward Mean Steps
TD3 177.42 £32.7 156 + 24
DDPG 158.87 +14.35 185+ 10
TS opPG
. TD3

Score

F £ K T > FEF ¥ S F K

Figure 1. Gait Parameters Evaluation

Conclusion

DRL has shown promise in enhancing Hermes
exoskeleton walking balance, enabling crutch-free
locomotion and more natural, independent movement.
The TD3 algorithm outperformed DDPG, demonstrating
its capability to enhance exoskeleton control for more
practical and autonomous rehabilitation use.

References
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Introduction

A large part of the human population is experiencing
health complications in regards to movement that are
caused by damage of the nerve tissue. Neuroplasticity
can be induced with the help of wearable robotics, in
order to aid in rehabilitation [2]. This work focuses on the
kinematics and dynamics of lower limb motion, and how
its analysis [1] can provide a greater understanding of the
impact of the pathology to the user’s movement. Through
the real-time acquisition of surface Electromyography
(sEMG) and Inertial sensor (IMU) measurements, in
combination with a musculoskeletal kinematic model in
OpenSim, we aim to optimise rehabilitation outcome
through a detailed evaluation of the user’s kinematic
status.

Materials and Methods

The system consists of a wearable sensor modality of
sEMG and MARG sensors, which gather kinematic and
muscle activation data from stroke patients. This data is
collected and processed by a Robot Operating System
(ROS) package, enabling efficient sensor data
management and distribution. The combined data is then
forwarded to OpenSim, a software platform for
biomechanics simulation which generates detailed
musculoskeletal models and can describe the error factor
in lower body movement. The proposed system, as well
as a serious game application made in Unity, are
combined to provide real-time biofeedback to the end
user, and refine their use which results in increased
immersion and engagement by the patients. [2]

i:ROS

Serious Game

Inertial Measurement | Quaternion
Unit (MUY Data

Surface g
(SEMG) A

I

T Musculoskeletal Model

¥

Figure 1. The ROS - OpenSim System Architecture

Discussion

It is important to consider the challenges of optimizing
sensor placement and calibration methods to minimize
interference while ensuring high data quality and real-
time transfer without sacrificing accuracy. Looking
ahead, research should focus on enhancing sensor
positioning, improving fusion algorithms, and validating
performance using established motion capture systems.
These advancements should contribute to enhance the
system for effective use in neurorehabilitation and its
applications in real-world scenarios.
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Introduction
Powered prosthetic limbs enhance autonomy for
individuals with limb loss, yet battery limitations remain
a key barrier. Frequent recharging, weight, and bulkiness
reduce wusability and comfort. Energy harvesting
systems—specifically Triboelectric ~Nanogenerators
(TENGs)—offer a promising route to achieve self-
powered prostheses [1,3] by reclaiming biomechanical
energy otherwise lost during movement.
State of the art
Many energy harvesting techniques have been developed
to date, taking advantage mainly of the inherent
biomechanical energy produced by biological systems:
Pyroelectric nanogenerators (PYENGs) work by
utilizing the pyroelectric effect
Piezoelectric nanogenerators (PENGs) work by
converting mechanical stress or strain into electrical
energy through the piezoelectric
TENGs work by harnessing the principle of
triboelectricity, where two dissimilar materials come into
contact and separate, causing the transfer of electrons
between them and generating electrical energy as a result
of the resulting imbalance in charge. [2]
Among those, TENGs appear as the most promising
alternative [2,4], being able to produce higher power in
lower operational frequencies, while also harvesting
energy not only from normal forces, but also from shear
stresses which dominate the forces exerted at the joints.
Materials and Methods
We propose a design incorporating TENGs at key
locations in lower-limb prostheses (Figure 1), namely the
foot (for ground reaction forces), ankle, and knee. The
mechanical dynamics at these sites were simulated using
OpenSim  (gait2392 simbody.osim) and SCONE,
modelling both generic and amputee gait.
Results
The loads at the TENG installation sites (joint reaction
forces and ground reaction forces) were extracted
through inverse dynamics, static optimization and joint
reaction analysis algorithms.
The maximum forces reach up to 3000 N, while the shear
element reaches hundreds of N (the shear part could not
be effectively harnessed if PENGs were used)
This approach however does not take into consideration
the fact that our model should simulate the gait of a
prosthetic-bearing amputee. For this reason, the
H0914M.0sim3.0sim model was modified accordingly in
two ways and a forward simulation was performed using
the SCONE software.

»  Stiff leg approach:
The knee joint was “locked” simulating the first
prosthetics

*  No-muscles approach:
To further validate the results the simulation was
performed erasing the muscles moving the shank and
foot turning it into a prosthetlc

7 alk;
Vo M [ § =
2 -ran
¥ - £ *
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Flgure 1. TENG output characteristics for different
prosthetic leg configurations

We appreciate that the more accurate the simulation, the
higher the exerted forces that will be transformed to
useful energy, as shown in Figure 1 leading up to 18.45
W produced.

Furthermore, we suggest incorporating TENGs at more
sites, such as the wheelchair the amputee uses when
charging the prosthetic (Figure 2).

Rotational TENGs for braking Vertical contact TENGs on the tires
PMMA >

Figure 2. TENGs incorporated into wheelchairs
Discussion

This study presents a framework for integrating TENGs
into lower-limb prostheses, demonstrating the potential
to reclaim considerable biomechanical energy during
movement. While our in silico approach provides
valuable insights, it does not fully capture user-specific
variations in gait or the physiological implications of
energy harvesting. Notably, even slight increases in
energy demand may influence user comfort and the
practical efficiency of the prosthesis. As such, future
work should aim to refine these designs. Experimental
validation and user-centred optimization will be key to
translating this approach into clinically viable
applications.
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Introduction

The absence of gravity during long-term spaceflights, as
well as its reduced effect on Earth due to a sedentary
lifestyle, has been shown to cause similar negative effects
on the human body and cause pathologies in various
physiological systems [1]. The application of artificial
gravity via the Short-Arm Human Centrifuge (SAHC)
has been studied as a possible countermeasure against
spaceflight-related dysregulation. However, hyper-
gravity protocols implemented using the SAHC have also
been used to treat various pathologies. We conducted a
literature review to study employed protocols for
mitigating related symptoms.

Materials and methods

A literature review was conducted using the PRISMA [2]
framework of literature published in English since 1990
on Scopus, PubMed, and IEEE Xplore. The search was
performed using "artificial gravity", “gravity therapy”,
“microgravity,” and “rehabilitation” as keywords to
identify relevant studies. Article selection and
characterization were performed by two independent
reviewers using pretested forms.

Results

The search identified 2445 manuscripts published from
1990 to January 2025. 2008 articles were initially
screened. 60 articles met the inclusion criteria and were
full-text screened, while 6 articles were not retrieved.
From these articles, 5 SAHC rehabilitation studies were
identified.

Iderbfication of Arbcles via datsbases and ragistars.

Idenificatian

Articlos scroened Articies axcluded
(n=2078) (n =2,008)

Arficles sought for retrisva)
in=68)

Included

Figure 1. Article selection flowchart

The selected articles varied in terms of purpose,
methodology, and detail of reporting. 2 of the selected
studies investigated SAHC as a countermeasure to
simulated weightlessness, 1 used healthy participants, 2
articles presented case reports where SAHC was used on
a stroke and an MS patient. Study completion times
varied from 3 days in one of the simulated

weightlessness articles to 3 months in the case of the
other 4. One of the studies employed a continuous
protocol, while the other 4 (80%) used an intermittent
centrifugation protocol. The magnitude of the +Gz
accelerations ranged between 0,5 and 2,7. The frequency
of the centrifugation varied between daily (1 article,
20%) and a three-week exposure (4 articles, 80%).
Finally, while most articles (80%) recorded one
session/day, one study suggested 2-3 runs/day of
exposure.

Discussion

Our search for rehabilitation protocols involving SAHC
in the published literature aimed to be comprehensive
while balancing practicality and available resources. It
was not within the remit of this literature review to assess
the methodological quality of individual studies included
in the analysis. Based on the characteristics, range of
methodologies, and reported challenges in the included
articles, we have identified a lack of comprehensive
studies exploring the use of the SAHC on patients as a
rehabilitation tool. Although the results from the usage of
SAHC towards the mitigation of the detrimental effects
induced either by disability or simulated microgravity
appear promising, more research involving large cohorts,
strict protocols, and a variety of outcome measures is
required.

Conclusions

This literature review of SAHC-implementing research

described the various protocols available in the relevant

literature. We have identified that the number of

protocols used for rehabilitation is limited, with only 5

being described in the literature. Furthermore, the

geographic distribution of SAHC in use is limited to 3

centers. Further research in the field will unlock the

benefits of SAHC in mitigating the symptoms and

accelerating the rehabilitation of patients.

References

1. Sandler, H., and Vernikos, J. (1986). Inactivity:
Physiological Effects. Orlando, FL: Academic Press
Inc

2. Haddaway, N. R., Page, M. J., Pritchard, C. C., &
McGuinness, L. A. (2022). PRISMA2020: An R
package and Shiny app for producing PRISMA
2020-compliant flow diagrams, with interactivity for
optimised digital transparency and Open Synthesis
Campbell Systematic Reviews, 18, e1230.

Keywords:
Rehabilitation, Human centrifuge, Review

© 2025 EAEBIT- EAMnvikn Etaipeia Bioiatpikrig TexvoAoyiag -- EAENEMY-EAAnvikii Etaipia Navotexvodoyiag otig Emiotripeg Yyeiag 1 78
© 2025 ELEVIT- Hellenic Society of Biomedical Technology -- ELENEPY-Hellenic Society of Nanotechnology in Health Sciences




EAEBIT

www.elevit.org.gr

|| A *

NANEAAHNIO ZYNEAPIO
BIOIATPIKHZ TEXNOAOTIAZ

PN
‘oe

oS EAENETY

21-231512025
Abrva | EMada

20 MaveMvio SuvEdplo

duoikwy Emotnpwy otny Yyeia:
Kawotopieg kat Mpoortikég

LINKING SEMANTIC MEDICAL VOCABULARIES TO 3D ASSETS FOR A
CHATGPT POWERED, VIRTUAL REALITY BASED, MEDICAL
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Introduction

Virtual and augmented reality (collectively referred to as
eXtended Reality - XR) have both been identified as
widely available three-dimensional (3D) immersive
technologies for anatomy education envisioning spatial
relationships between them, providing a deeper
educational outcome [1]. Al successes provide promising
indicators for Al as aids for medical students [2].
Integration of ChatGPT powered virtual assistants to VR
faces the challenge of content relevance and
discoverability. There, medical semantic vocabularies
such as the Unified Medical Language System (UMLS)
[3], can provide annotated information about biomedical
and health related concepts. This work presents a service
and messaging data flow implementation for annotating
and discovering 3d assets based on the Unified Medical
Language System metathesaurus.

Methods

This implementation enhances asset annotation and
discoverability in a Unity3D-based VR medical
education platform. A Node.js based interface queries the
UMLS Search API.

Results

The user asks a question in the Unity-based VR
environment, and the LLM Al response extracts key
nouns. These nouns are sent to the UMLS Search API,
which returns valid medical terms with Concept Unique
Identifiers (CUIs). Matching terms are compared to an
annotated 3D models library, ranking models by
relevance. The most relevant 3D models are displayed to
support the chatbot’s educational response. The overall
architecture supporting this solution is presented in Fig.
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Figure 1. Simplified architecture of the UMLS — 3D
anatomy models discovery framework.

Discussion and Conclusion

This implementation is currently in the prototype stage.
Future evaluation plans include teacher and student
quantitative and qualitative feedback. A key limitation of
its performance is its implicit dependence on the
robustness of the linked LLM API. A key challenge for
medical education technology resources is that of content
relevance and recovery. Previous endeavors have
identified the importance of semantic annotation for
discoverability and repurposing of resources such as
virtual patients [4]. Freeform, queries to an LLM chatbot
cannot be supported, even with an encyclopedic VR asset
base if these assets are not discoverable through medical
terms annotation. Robust communication between term
repositories (e.g UMLS) and VR education assets is the
necessary intermediate step towards discoverable and
repurposable, versatile medical education technology
resources. Developing procedural educational content
and self-directed learning supporting educational
platforms is the natural extension and use of this work.
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Introduction

Optically Stimulated Luminescence (OSL) dosimeters
have been introduced in Quality Assurance (QA)
programs for clinical dosimetry in radiotherapy
applications [1]. The aim of this study is to implement a
Monte Carlo- (MC-) based framework for the
determination of volume averaging effects and the output
correction factors in the context of IAEA TRS-483
dosimetry code-of-practice [2], for commercially
available BeO-based OSL radiation detectors, suitable
for Gamma Knife (GK) dosimetry procedures.

Materials and Methods

Figure 1: (a) The water spherical phantom with the OSL
dosimeter in three nominal cardinal orientations: (b) axial, (c)
coronal (d) sagittal.

MC simulations were performed using the EGSnrc
V2019 MC software package. The commercially
available myOSLchip™ dosimeter (RadPro International
GmbH, Germany) was modelled based on blueprints
provided by the corresponding manufacturer. The
detector consists of a small plastic case (external
dimensions 10x10x2mm?®) which houses the sensitive
volume made of BeO (square disk of 4.65x4.65x0.5mm?
and density p=2.85 g/cm?). The active volume of the OSL
dosimeter was positioned at the center of a spherical
water phantom (diameter: 16cm), which coincided with
the Radiation Focus Point (RFP) of the GK system. Phase
space files for three collimator sizes (4mm, 8mm and
16mm) of a GK irradiation unit were used as the source
models [3]. The 4mm and 8mm collimators were used as
the clinical fields (fcin), while the nominal 16mm
collimator was regarded as the machine-specific
reference field (finsr). For the determination of output
correction factors for relative dosimetry [2], the absorbed

dose in a small water cavity with a radius of 0.25mm was
calculated. The volume averaging effect for the available
collimator sizes was also quantified. All calculations
were performed for the three cardinal orientations of the
detector: (i) axial, (ii) coronal, (iii) sagittal (Figure 1).

Results

The MC calculated correction factors are presented in
Table 1. Volume averaging effect was found to have a
significant impact on dose measurements, reaching up to
26% for the 4mm collimator.

Table 1: MC calculated kgg:xg";:; correction factors [2] in a

water phantom for the GK-PFX irradiation unit. The 16mm
collimator corresponds to fmsr. Corresponding overall combined
uncertainties at the confidence 68% level are shown in the
parentheses.

gcclzi;,anZ:r correction factor [2]
OSLD fetin: fetin:
orientation 8mm collimator 4mm collimator
axial 1.008 (5) 1.134 (6)
coronal 1.011 (5) 1.186 (6)
sagittal 1.010 (5) 1.184 (6)
Conclusion

kgz;zzg";fsrr correction factors for the BeO-based OSL

detectors and all cardinal orientations were determined,
contributing to data availability for relative dosimetry in
GK radiosurgery.
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Introduction

The RAISE platform supports open, transparent, and
reproducible  biomedical research by allowing
computational scripts to be executed on protected
datasets, with only results returned and blockchain-
registered [1]. It aligns with FAIR (Findable, Accessible,
Interoperable, Reusable) principles while maintaining
data security. Agile and Living Lab methodologies [2]
were employed to adaptively develop a user-centered
environment.

Materials and Methods
A mixed-methods Agile approach was applied:

e Structured User Engagement: Interviews,
surveys, and usability testing identified key
system needs.

e UX and Performance Evaluation: Task-
based assessments and participatory design
ensured intuitive data navigation and
reproducibility.

e Incremental Development: Bi-monthly
iterations integrated validated user feedback.
Researchers interacted with RAISE (Figure 1)
by searching, viewing metadata, and
processing datasets securely. Quantitative and
qualitative analyses identified usability trends
and optimization points. Continuous two-
month cycles ensured progressive adaptation.

Searihes A Ve Lisals /_\ Processes /_\
J View Metadata

¥ SeamhDatesels | { : | ¥ Process Datasats
i Details

NS

RESEARCHER

{

Figure 1 — RAISE Use Case Diagram

Results
Agile iterations led to refinements including improved
search functionalities, interface enhancements, and real-

time monitoring for computational traceability.
Modular system design ensured scalability and FAIR
compliance, facilitating integration with external
infrastructures.

Discussion

Agile methods enabled rapid responsiveness to user
feedback, addressing workflow fragmentation and
integration issues. Co-creation with pilot users shaped
RAISE's evolution. While resource-intensive, this
iterative process minimized usability gaps and
strengthened platform effectiveness.

Conclusions

Combining Agile development, real-world testing, and
structured UX evaluations, RAISE delivers a scalable,
FAIR-compliant platform that supports open,
reproducible  biomedical research. = Continuous
engagement ensures adaptability to future needs.
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Introduction

H oxtwobeponeio (RT) kor n potobeppixn Bepameio
(PTT) omotehodv  KoBlepOUEVES — OVTIKOPKIVIKEG
Bepameieg, ot omoieg Ta TeEAgvTaio Ypovia Exovv evicyvbel
ONUOVTIKE Xapn otnv mpdodo TG vavoiatpkng. H
EVOOUATOON  HETOAMKOV — vavocouatdiov  (NPs)
VYNAOL otopkoy apiuov (Z) ce avtég TG peboddovg
emuTpénel TV ovamtuén  GUVEPYIOTIKNAG  Opdomg,
GLVOLALOVTAG TNV AKTIVOELOLGONTOTOMG LE TNV TOTIKT
napaymyn Bepudtmrag Kat EVioyDoVTog TV KOTASTPOOT
TOV KOPKIVIKOV KUTTAP®V.

Discussion

H mopodoa avackoémnon cvvoyilel Tig mo npodcpaTes
e&eli&elg otov ouvdvacpud RT-PTT pe tn pecordfnon
VovoompaTdimV, HivovTag EULEacT 6ToV 41TT0 ToVG POAO:
gvioyvon g aktvompokaiovpevng PAAPNG Kot adEnon
™mg ewtobepknig amddoons. Xvintodvtor Sudpopot
TOTOL VOVOGMUOTIOImY — OTI®G YPVGOC, AEVKOYPLGOG,
Bopovbio,  yoikdg,  kopPidio  {pxoviov Kot
TOAVAELITOVPYIKA VEPOIKE GLOTAUATO — OC TPOG TIG
QUGIKOYNMIKEG  TOVG  BOTNTEG, TOLG  UNYOVIGHOVG
oTOYEVONG Kol To OepamenTikd TOVG QmTOoTEAEGUATO, in
vitro kot in vivo. TTapdAinia, avadeikviovtotl Pacikég
TPOKANCEL, OT®G M Tumomoinon TV Bepameidv, 1
Hokpoypovio TOEIKOTNTO KOl 0T LETAPPACTIKN LOTPIKY.
Téhog, eEetdlovior ot PEAAOVTIKEG TPOOMTIKEG TNG
Oepomeioag RT-PTT pe vovocoportidw, Oftovtag Tig
Baoeg vy TV oavamtuEn TG EMOUEVNG  YEVIOG
TOAVAEITOVPYIKDV VOVOGLGTNHATOV.

Aé&Eeig Khewona:
Noavoowpotidlo Metahhwv, Navo-oykoloyia,
AxtwvoBepaneio, Potobepuikny Oeponeio
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Introduction

Iterative Reconstruction (IR) techniques in Computed
Tomography (CT) imaging have demonstrated potential
in obtaining high quality images with reduced radiation
dose [1-3]. IR algorithms such as Sinogram Affirmed
Iterative Reconstruction (SAFIRE) and Adaptive
Statistical Iterative Reconstruction (ASIR) have been
tested in clinical-based, as well as in phantom-based
studies. The current phantom-based study investigates
the impact of IR parameters in image quality and
radiation dose in head CT.

Materials and Methods

To simulate patient head, a Mini CT QC acrylic phantom
(diameter: 15.25 cm) was utilized, that includes tissue
equivalent inserts (bone-equivalent and soft-tissue
materials) and a high resolution insert. Image acquisition
was performed using a 128 slice CT scanner (Somatom
go.Top, Siemens). Vendor default exposure settings for
head CT considered tube voltage of 100kVp and tube
current of 212mA. A range of tube current values was
further exploited (180-61 mA) for radiation dose
reduction (CTDIvol). Reconstruction parameters
considered varying SAFIRE strength values (S1,
S2,S3,54,S5) and two reconstruction kernels (Hr40f and
Hr60f). Image quality was assessed quantitatively
[Noise, Contrast-to-Noise Ratio (CNR), Signal-to-Noise
Ratio (SNR)] and qualitatively (spatial resolution).

Results and Discussion

Increasing SAFIRE strength from S1 to S5, noise was
reduced, while CNR (Figure 1) and SNR (Table 1) were
increased. Images reconstructed by high SAFIRE
strength (S4 and S5) were smoother, without degradation
of spatial resolution. Sharper reconstruction kernel
(Hr60f) provided improved spatial resolution as
compared to smoother kernel (Hr40f). Increased value of
radiation dose (CTDIvol) resulted in improved SNR and
CNR values. Low dose images (current=151maA,
CTDIvol=32.36mGy) reconstructed with SAFIRE
strength S4 demonstrated similar image quality (SNR
and CNR without compromising spatial resolution) as
compared to the reference protocol (current=212maA,
CTDIvol=45,50mGy).

Conclusions

SAFIRE iterative reconstruction allows for reduced
radiation dose, maintaining CT image quality and can be
used for pediatric imaging and low-dose protocols.

CNR Bone - 100 kVp

Reference protocol 2%

- — %0
10 ~. e 200
8 2 e B 150 15
6 S 100

Noise 4w Tube current (mA) CTDIvol (mGy)

Figure 1. 4D diagram illustrating CNR and Noise for
bone-equivalent material with respect to SAFIRE
Strength (S1-S5) and Radiation Dose (CTDIvol) at
100k Vp.

Table 1: Signal-to-Noise Ratio (SNR) for the bone-
equivalent —material with respect to Iterative
Reconstruction (IR) Strength for two reconstruction
kernels (exposure conditions: tube voltage 100kVp and
tube current 121mA)

IR Strength Kernel Hr40f Kernel Hr60f

S1 88,67 23,02

S2 90,58 25,75

S3 92,59 29,05

S4 94,55 33,66

S5 97,02 39,66
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Ewayoyi- Xxomég

H oxMpovon «atd mhdkog (ZKII) eivor
QAeyHOVOONG vOoOg movL TpooPdiAer mepimov 2.9
EKOTOLUDPLO dTopa TToyKoopimg H padtopukr amotelel
éva. TOAMG VTOGYOUEVO EPYAAEIO YO TNV TOCOTIKN
avaivon swdveov Mayvntikng Topoypaeiog (MT) ot
YKII. H moapovco avookomnorn e&etaler ) ypnon
POSIOUIKADY  YOPOKTNPIOTIKOV Yiot TN Odyvemon Kot
mpodyvoon véov eotidv TKIT.

Mé00od0g ko Yrukd

H Bproypagicn avaljtmon npaypatomombnke oto
PubMed yua to ypovikd didotnpa omd to 2011 Emg 2024.
Amotehéopara

Mia onuavtikny mapduetpog ot dtayeipton g XKII
givor 1 éykarpn oAAd kot 1 &ykvpn ddyveon tg. Ot
Loizou et al. [1] dwepedvnoav T ovuPoin ToV
YOPOKTNPIOTIKOV VONG TV e€Kkovov MT T2 whwviknm
a&loAdynon kot Tpdyvemon g ZKII. Ta amoteléopata
™me  unerétng  édeléav  onuavtikég  dlpopég  oTa
YOPOKTNPIOTIKA VONG HETOED (QULOIOAOYIKNG AELKNG
ovcing Kot dALOIDGCEWY, KOG Kol LETAED 0oBEVOV e
Swpopetikd emimeda avannpiog. EmmAéov, opiopéva
YOPOUKTNPLOTIKA VOIS PavnKav vo oyxetifovtol pe v
e&éMEn g avoammplag, vmodewkvdovtag  mHOV
mpoyvootikn a&io. Avtictorya, Ot Arkadani et al. [2]
xpnoonoincav Ipappukh Awyopiotiki Avaivon kot
Tov aAyop1Bpo 1-Nearest Neighbor, katadevdovtag v
KOVOTNTO, TOV HOVTELOVL va dlokpivel pe akpifelo Tig
arlhowwoelg e XKIT and ™ puolodoyikni Aevkn ovaia.
Avtictoya, ot Shao et al. [3] &&étacov av ot
VIEPEVTACELS AEVKNG OVGiag pmopodv vo mpoPrepOovv
o€ PO 6TAdW, AvaADOVTag TNV VEN o€ gikoves MT
FLAIR og nmAwwopévovs. Ta amotedéopata €dei&av
vynAn akpifeta yio to povtédro tpdPreyng (AUC 0.967).
Hapopota axpifela Topovsioce to povtéro Tov Loizou
et al. [4], avadewviovtag £TGL TV OLVATOTNTA TOV
POSIOUKDV YOPAKTNPLOTIKOV GTNV TPOPAEYN ELPAVIONG
Brapov ZKII. Avtictoyga, o Khajetash et al. [5] pe v
gpyacio Tovg avESEIEOV TNV OTOTEAEGLOTIKOTNTO EVOG
HOVTEAOL UNYOVIKNG paOnong pe Paon v padiopkn
otV TPOPAeyn ™G EEEMENG TOV EVEPYDV TAAK®DV TOV
Prafov g ZKIT pe ypion ewdévov FLAIR
netvyaivovtog péytotn tiun AUC 0.85. Téhog, n pekét
tov Lavrova et al. [6] £€06e1&e OTL TOL YOPAKTNPLOTIKG OO
nocotiki) MT ot puotohoyucd epeoviCopevn Aeukn Kot
Qo ovcic TPOSPEPOLY  ALIOTIOTEG  OLOYVOOTIKES
TANPOPOPIES, EVD TA YOPAKTNPLOTIKG 0O CUUPOTIKY

MT (T1) pmopovv va coppdrovv oe £vav ypryopo Kot
OVTOLLATOTOMLLEVO EAEYYO AVOUUADV GTI AEVKT| OLGICL.
Xopnepdopato

H Biprioypaeikn avackdnnon £dei&e 4tL 1 ypnon g

POSIOMKNG pmopel vo amoteAéoel évo Bactkod epyareio

Y v Tpdyvmen kot t ddyveon g XKII. Qotdco,

mapOAN TNV LYNAN oakpifelo. mov mapovoldlovy Ta

HOVTEAD, QUTA VITOKELVTAL GE APKETOVS TEPLOPIGpovs. Ot

MEPLOCOTEPEG UEAETEG €lvOl LOVOKEVIPIKEG, YWPIG va

Aopfavoov  vmdyn vV avopoloyévelr  UeTa&y

mpwtokdlov MT. EmmAéov, aratteital peydrog 6yKog

dedopévav Yo TV avanTuén aE0TIGTOV TPOYVOCTIKMV
povtédmv. Télog, ov kot  TO  YOPOKTNPIOTIKA

TAPoLSLAlovV LYNAT GLOYETION, 0 TUBOPLGIOAOYIKOG

pnyovicpds g ZKII tapapével acoengs.
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Introduction

FLASH radiotherapy (FLASH-RT) is a new paradigm of
radiation therapy, featuring ultra-high Dose rate (UHDR)
irradiation of tumours, with Dose rate of 40 Gy s™! or
higher. While maintaining its anti-tumour effect,
FLASH-RT is characterised by a transient hypoxic state
of the healthy tissue, which results in its extended
sparing, when compared to conventional radiotherapy
methods [1].

Materials & Methods

A comprehensive review of literature on FLASH-RT has
been conducted, focusing on technological advancements
in UHDR-radiation delivery in various modalities.
Special attention has been paid to novel methods and
proposed structures dedicated for FLASH.

Results

Numerous technological advancements have been made
in the past decade to accommodate the production and
transmission of various modalities of UHDR radiation.
The implementation of existing electron LINACs has
been shown to enable FLASH-RT for superficial
tumours, while there have also been various studies
regarding the employment of Bremsstrahlung-target- and
synchrotron- produced X-Rays for FLASH [2-3].

Furthermore, focused Very-High-Energy Electron beams
have been shown to enable the production of a Spread-
Out Electron Peak, resembling the Dose distribution of
the Spread-Out Bragg Peak of hadrons [4]. Last, but not
least, existing hadron radiotherapy systems have been
shown to be, in principle, compatible with FLASH-RT,
with cyclotrons and synchrotrons presenting both
strengths and weaknesses on the production and delivery
of UHDR beams [5].

Discussion

Despite its promising potential, several technological
challenges remain to be addressed before additional pre-
clinical and clinical trials, and widespread adoption.
Technological advancements should also facilitate
biological experiments and aid in the understanding of

the, currently unclear, conditions for the induction of the
FLASH effect, which should, in turn, facilitate the
devisement of treatment plans. Additionally,
development of real-time dosimetry methods and of
beam diagnostics equipment to ensure dose and dose rate
optimisation is crucial for the accurately monitored
delivery of UHDR radiation.

Conclusions

Advancements in accelerator technology, beam control
and real time dosimetry are vital in the successful
implementation of FLASH radiotherapy. Overcoming
these challenges requires further research and is expected
to significantly optimise cancer treatment methods.
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Introduction

Limb spasticity resulting from stroke, traumatic brain
injury, multiple sclerosis, or various central nervous
system disorders such as brain tumors, leads to loss of
hand function, joint stiffness, and severe pain. According
to [1], stroke incidents worldwide have been recorded at
12.2 million, with 6.55 million deaths from stroke, and
143 million disability-adjusted life years, while upper
limb impairment is the most common disability affecting
77.4% of patients. In clinical practise, the primary
rehabilitation method involves a stretching program and
the patients must visit their physiotherapist daily. This
poses significant challenges for both the patients and
their families considering their reduced motor function.
Also, traditional methods for assessing upper limb
spasticity are susceptible to variations influenced by the
clinician's expertise.

Materials and Methods

The automation of traditional evaluation methods
presents an emerging area, with robot-aided systems
being one of the most promising approaches. This paper
introduces the REHABOTICS integrated rehabilitation
system to deliver highly personalized assessment and
treatment for upper limb function in patients with
spasticity following a stroke. The REHABOTICS
exoskeletal system consists of two functional elements:
(i) the passive (soft) exoskeletal aid (PEA), and (ii) the
active exoskeletal aid (AEA). PEA refers to the part of
the system responsible for measuring and acquiring the
data through a glove with specialized sensors. The data
monitoring and storing takes place in real time, extracting
useful metrics and conclusions. The system includes an
interactive virtual environment using machine vision and
augmented reality technologies able to acquire, interpret
and evaluate the spatial information of the user’s hand
from either the PEA or a computer camera or a
combination of the above. The AEA is an exoskeleton
for managing finger movements by utilizing the
rotational motion of servo motors (Dynamixel AX-12A,
Corona, CA, USA). An articulated structure has been
developed with specially designed rings which guide a
wire in order to transfer the motion of the servo motor to
the finger components converting rotational motion into
linear.

Results

The assessment tests which are performed using the PEA
are based on: (i) the Ashworth Scale (AS), which is the
most universally accepted clinical tool used to measure
the increase of muscle tone, (ii) the Passive Range of

Motion (PROM), (iii) the Active Range of Motion
(AROM), and (iv) Free Session (Fig. la). The AEA
offers an interactive interface which allows users
(patients and physiotherapists) to adjust parameters like
finger extension speed, set the maximum extension angle,
and control the speed of return to the starting position
(Fig. 2b). Using an intuitive navigation menu, the
selected exercise is executed, prompting the servo motors
to begin moving the fingers. The movement angles for
each servo motor are displayed in degrees on the
graphical interface.

(@) . : |

Figure 1. The REHABOTICS: (a) PEA, (b) AEA.
Discussion
The REHABOTICS exoskeletal system based on the
PEA and AEA components is a novel robot-aided system
for the assessment and treatment of upper limb spasticity
after stroke. Although further clinical research is
required, the REHABOTICS solution is designed to: (i)
provide an affordable and easy-to-use system for both
patients and clinicians, (ii) deliver quantitative data to
clinicians through specialized assessments (e.g. Box and
Block test, AS scale, PROM, AROM), and (iii) motivate
patients to enhance their motor skills.
References
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Introduction

Out-of-hospital cardiac arrest (OHCA) has a survival rate
below 10%, with high-quality chest compressions being
critical for improving outcomes [1]. However, even
trained professionals struggle to maintain proper
cardiopulmonary resuscitation (CPR) technique due to
fatigue, incorrect hand placement, and lack of real-time
feedback [2]. Traditional CPR training relies on sensor-
equipped mannequins, which, while effective, are bulky,
expensive, and not practical for continuous practice [2].
More recently, wearable CPR assistance devices have
been developed to offer real-time feedback in a more
portable form. Despite these advancements, many still
suffer from rigidity, discomfort, and lack of emergency
response integration, limiting their effectiveness in both
training and real-world scenarios [3,4].

CPR Assist Glove and App

The CPR Assist Glove is a wearable device designed to
improve CPR technique by providing real-time feedback
and emergency response support. It is equipped with
sensors to measure compression depth, frequency, and
other metrics, ensuring users follow proper guidelines. It
connects wirelessly to a mobile application, which acts
as the main interface for monitoring performance and
tracking CPR quality. The app has two main modes:
Emergency Mode — When activated, the system prompts
the user with an option to call emergency services (112).
The app includes an AED Locator which shows the
nearest defibrillator and provides real-time navigation
directions. Additionally, it provides live compression
feedback by analyzing sensor data in real-time and
issuing corrective prompts to guide effective CPR.
Training Mode — This mode helps users improve their
CPR skills by offering real-time feedback on compression
depth, frequency, and effectiveness. After each session,
the app stores performance data, allowing users to
review previous sessions, track progress over time, and
analyze detailed insights for skill improvement. This
system assists in real-time emergencies while also acting
as a CPR training tool. By integrating wearable
technology and real-time analytics, it ensures precise
CPR execution and supports continuous skill
improvement in both clinical and public settings.

Conclusion
This work presents the CPR Assist Glove, a wearable

solution aimed at improving CPR quality through real-
time feedback, emergency response integration, and
structured training. Future work will focus on enhancing
sensor accuracy, improving glove comfort for extended
use, and conducting real-world testing to evaluate its
effectiveness in both training and emergency situations.
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Figure 1. Screenshots of the app in Emergency Mode
(left) and Training Mode (right).
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Introduction

Cerebral palsy (CP) comprises a group of non-
progressive neurodevelopmental disorders that impact
posture, coordination, and motor control. While
spasticity, hypertonia, and muscle weakness are hallmark
symptoms, therapeutic decisions—particularly the
initiation and timing of botulinum toxin (BoNT-A)
injections—are largely empirical, lacking quantitative
guidelines. This project investigates the use of digital
twins and predictive modelling to derive kinematic
biomarkers that can guide therapeutic intervention,
offering a framework for objective and personalised
clinical decision-making.

Materials and Methods

To simulate CP-related motor dysfunction, a planar 9-
degree-of-freedom  musculoskeletal ~model — was
constructed using OpenSim and SCONE, incorporating
18 lower-limb muscles. Literature-derived alterations in
reflex delay, constant baseline activation (Co), and
feedback gain (K _F) were used to simulate both full-
blown and intermediate stages of the disease. A model of
BoNT-A-treated CP was created by applying a 62.5%
attenuation to Co and K_F and eliminating reflex delays.
We developed five classes of digital patients: healthy
control, untreated CP, post-BoNT treatment, and
intermediate states representing 50-80% disease
progression and 40-80% treatment efficacy decay.
Forward dynamic simulations were run to assess balance
under each condition, and joint kinematic profiles (ankle,
knee, and hip angles) were extracted for analysis. Two
primary phases of motion were studied: the dynamic
phase leading to balance and the postural steady-state
phase. Metrics included absolute and normalized joint
angle differences, standard deviation, interquartile range,
and—most importantly—the average joint angle after
balance. These were evaluated as potential biomarkers
for disease state classification. A linear discriminant
analysis (LDA) classifier was trained to detect the
threshold at which patients transition from “normal” to
“diseased,” informing optimal treatment initiation and
reinjection timing.

Results

Simulated balance tasks revealed unique joint angle
trajectories for each clinical state. Notably, the average
hip and ankle joint angles post-balance robustly
discriminated between normal, CP, and post-treatment

cases. The classifier identified ~70% disease progression
as the threshold for initiating BoNT-A therapy, and ~60%
efficacy loss as the point for reinjection. The knee angle
was found to be supportive but insufficient as a
standalone biomarker due to non-unique mappings across
conditions. Characteristic regression curves were fitted
for each joint across disease and treatment progression
stages, yielding clear visual decision boundaries. While
the ankle and hip angles were monotonic and suitable for
direct clinical use, the knee angle showed ambiguity in
intermediate states. When used in combination, however,
these joint-based metrics offered high diagnostic and
prognostic resolution.

Discussion and Conclusions
This study demonstrates the feasibility of using digital
patient simulations to derive non-invasive, easily
measurable kinematic biomarkers for CP. These
biomarkers—average joint angles after balance—can be
obtained from basic video recordings and computed with
minimal post-processing, aligning with standard clinical
workflows. Their application spans diagnostic screening,
treatment planning, and therapy monitoring. We propose
a novel methodology for managing cerebral palsy using
joint angle-based biomarkers derived from validated in
silico models. Hip and ankle angles post-balance provide
reliable diagnostic and prognostic information and can
inform the initiation and repetition of BoNT-A therapy.
These findings support a shift toward quantitative,
simulation-driven, and patient-specific medicine in
pediatric neurorehabilitation. Experimental validation
and calibration with wearable motion capture systems are
essential next steps. Scaling the simulation to 3D models,
incorporating contractures and tendon transfer scenarios,
and refining the classifier with larger datasets will further
enhance its translational potential.
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Introduction

Graph theory is examined as a powerful tool for
understanding and analyzing Spinal Muscular Atrophy
(SMA), a genetic disorder that affects spinal cord
neurons and causes progressive muscular weakness and
atrophy [1]. By modeling neurological mechanisms and
gene interactions as graphs, researchers can obtain a
computational and visual framework of the disease [2],
enhancing understanding and enabling therapeutic
interventions.

Disease

Spinal Muscular Atrophy (SMA) is a neurodegenerative
and neuromuscular disease, genetically determined, that
impacts the central and peripheral nervous system, as
well as voluntary muscles. It is classified as a motor
neuron disease and is primarily caused by mutations in
the SMNI gene [1]. The severity of SMA varies, with
forms ranging from mild to life-threatening

Graph Theory and Modeling

Graphs, consisting of nodes and edges, are widely used
to represent complex biological systems [2]. In SMA,
genes are modeled as nodes and their interactions as
edges, forming protein networks and gene expression
graphs. These models can simulate motor neuron
apoptosis and synaptic disruptions, contributing to the
understanding of impaired neural function.

Expected outcomes

Recent advances in genetic screening and gene therapy
have improved outcomes for SMA patients. However,
instability of therapeutic proteins remains a challenge.
Through sub-graphs and network motifs, gene
interactions can be better visualized, allowing prediction
of novel biological pathways and regulatory relationships

[4].

Limitations

Despite its promise, graph-based modeling has
limitations. Biological systems are highly dynamic and
context-dependent, which simple graph structures may
not fully capture. Moreover, the accuracy of graph
inference depends on data quality and completeness, and
large-scale graphs may require significant computational
resources [3].
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Fig. 1. End-to-end framework gene regulatory graph
neural network (GRGNN), proposed by Wang et al.
(2020) [4].

Conclusions
Graph theory offers valuable insights into SMA at
molecular and genetic levels. Further development of
graph-based algorithms may support early diagnosis,
individualized therapies, as well as prediction of SMA’s
progression.
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Introduction

Current treatments for ocular cancers often face
limitations such as suboptimal delivery of
pharmaceutical ingredients, limited specificity and
severe side effects. Nanomedicine aims to address these
challenges by enhancing conventional methods,
including light-based therapies, namely photothermal
therapy (PTT) and photodynamic therapy (PDT).

Methods

A comprehensive literature review was conducted to
evaluate recent advancements in nanoparticle-based
therapies for the most common ocular cancers,
retinoblastoma (RB) and uveal melanoma (UM), with a
focus in PTT/PDT. Relevant preclinical and clinical
studies were systematically analyzed.

Results/Discussion

PTT uses light-sensitive heating agents which, after
being delivered to the tumour site, are irradiated by a NIR
laser and convert light energy into heat to induce cell
death via hyperthermia. PDT on the other hand employs
photosensitizers that, upon activation with specific light
wavelengths produce reactive oxygen species (ROS) to
induce tumor cell apoptosis or necrosis.

Nanoparticles can be employed directly as photothermal
agents, as in the case of gold nanoparticles, which
efficiently convert light energy into heat due to their
optical properties, or iron-oxide nanoparticles, which can
be used for magnetic hyperthermia. Similarly, TiO2 NPs
have demonstrated effectiveness as photosensitizers in
PDT. A different approach is to conjugate NPs with
conventional photothermal agents (e.g. ICG) or
photosensitisers (e.g.porphyrins), in order to create
formulations with improved pharmacokinetics and
bioavailability. Recent advances include
thermoresponsive nanogels that allow controlled drug
release upon irradiation. Surface functionalization with
targeting ligands, such as EpCAM antibodies or FA,
further enhances specificity and uptake by cancer cells.
A major achievement of nanomedicine is the lipid
nanoformulation of the photosensitiser verteporfin,
Visudyne®, which is approved for PDT in excudative
AMD. It is currently being investigated in clinical trials
for both RB and UM, with particularly promising results
for UM. Another noteworthy nanoformulation is AU-
011, a virus-like nanoparticle conjugated with a

fluorescent dye, that targets the heparan-sulfate
proteoglycans overexpressed in cancer cells. When light
activated, it induces immunogenic death, and it has
advanced in phase 2 trials for UM.

A revolutionary aspect of nanotechnology in photo-based
therapies is its potential for multimodal applications. For
instance, AuNPs can act as enhancers for OCT,
fluorescent or PA imaging, allowing in vivo tracking and
image-guided PTT, while they have also been used as
dose enhancers in radiotherapy. Another treatment often
combined with PTT or PDT is chemotherapy, leveraging
the increased susceptibility of treated cells to
chemotherapeutic drugs. PTT and PDT can also benefit
from each other. For example, PTT increases local blood
flow and oxygenation, mitigating the oxygen dependency
limitations of PDT. Overall, NPs enable the co-deliver
of a variety of molecules (light-activated, imaging-
enhancing, chemotherapeutic), allowing several
combinations between chemotherapy, PDT, PTT and
radiotherapy, along with imaging, to maximise their
synergetic effects.

Conclusion

The integration of nanotechnology in photo-based
therapies can offer treatment precision and optimised
administration, with some nanoformulations already in
clinical trials and several others in preclinical studies.
Given the ability to combine them with other therapeutic
methods, such as radiotherapy and chemotherapy, as well
as multiple imaging modalities, nanomedicine holds the
potential to transform the ocular oncology landscape.
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Introduction

Intraoperative use of fluorophores aims in better
visualization of the tumoral tissue [1]. Its use in
combination with microsurgical technique is well
established in achieving greater resection with lower
neurological complications. Endoscopes capable of
inducing fluorescence have been gaining traction in the
recent years hoping to maximize the extent of resection
in the margins of a tumor where visualization only by
microscope has technical limitations.

Materials and Methods

A literature review in PubMed database of the last 5 years
was conducted in March of 2025, using the search term
“fluorescent use in endoscopic neurosurgery” retrieving
62 results. Only articles about nonvascular
intraparenchymal tumors were included. Case reports
were also excluded. Eight articles were reviewed
comparing florescence-enhanced endoscopic and
endoscope-assisted resection of intraparenchymal brain
tumors against microscope only resection.

Results

The Fluorescent agents used by the researchers were 5-
aminolevulinic acid (5ALA), Indocyanine Green (ICG)
and Fluorescein (FNa). When compared with
microscope, the visualization of the tumoral tissue by
endoscope under fluorescent lighting was more intense
and in some of the cases where the administration of the
agent was characterized “unhelpful” under microscope
view the endoscope achieved to show sufficient contrast
[2]. Furthermore, after mass excision under microscope
when inspecting the cavity with an endoscope it was
possible to identify residual malignant tissue due to better
viewing angles and closer proximity to the surgical field.
This advantage is reinforced by using endoscopes with
30° cameras [3]. Better and more extensive visualization
is also supported by a greater percentage of gross total
resection achieved when the use of endoscope is
implemented [5].

Discussion

The treatment of brain tumors remains a challenge, with
complete excision of lesions being a center point of the
therapeutic course. The implementation of fluorescent
agents during surgery has improved patients’ outcome
and the use of endoscopes seems to further enhance the
extent of resection. Specialized gearing is necessary both
for microscopes and endoscopes capable of capturing the

wave lengths emitted by fluorophores (ICG:820-
860nm,5-ALA:640-710nm, FNa:540-690nm), with the
latter not being widely available yet due to extra cost and
additional training required.

ya
Figure 1. 5-ALA guided endoscopic resection [4].
Endoscope view of the surgical cavity under white light
(left) and blue light (right)
Conclusion
Data so far is promising for using florescence-enhanced
endoscopy treating intraparenchymal tumors. Additional
high-quality studies are needed to clarify the superiority
of combined endoscope/ microscope technique against
their use separately. More research is needed in the field
of fluorophores, development of novel substances and
exploring multiple agents use during surgery, analyzing
technical challenges, interference and toxicity
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Background

Knowledge-Based Planning (KBP) in radiotherapy is
used to improve treatment plan quality and to reduce both
plan variability among users and the treatment planning
time. A commercial KBP software which is used to create
estimates of dose-volume histograms (DVHs) for new
patient’s organs at risk (OARs). This study aims at the
creation of three KBP models for prostate cancer patients
by expanding the pre-existing models.

Materials and Methods

Three RapidPlan™ (Varian Medical Systems, Palo Alto,
CA) prostate models were created using 143 high quality,
clinically acceptable VMAT plans. The models created
were based on the dose prescribed to the Planning Target
Volume (PTV) for the successive prostate irradiation
phases; namely low-risk, intermediate and high-risk
phase. During the verification of each model, the DVH’s
(Figure 1-LEFT) and the regression and the residual plots
of each structure were examined for potential outliers
(Figure 1-RIGHT, Figure 2-LEFT Figure 2-RIGHT).
The statistical parameters of the new models were
analyzed.

Results

Figure 1. (LEFT) Dose Volume Histogram from a prostate
treatment plan, including OARs and PTV. (The y-axis
represents the Ratio of Total Volume (%) and the x-axis
represents the dose (Gy)). (RIGHT) The influential point (blue
crosshair) drives the regression plot of Femoral head. The y-
axis represents the DVH principal component score 1, and the
x-axis represents the geometric distribution principal
component 1.

Training and verification results showed improved
results for the three new models. Specifically, the low-

risk irradiation phase 2 out of 6 trained OARs achieved a
coefficient of determination above 0.7, denoting a
coherent model. Likewise, in the intermediate and high-
risk irradiation phase, 3 out of 6 trained OARs achieved
a coefficient of determination above 0.7.

Figure 2. (LEFT) Regression plot of the small bowel; the
treatment plan in blue is a potential geometric outlier. Each
crosshair in the graph corresponds to a different treatment plan
included in training set. (RIGHT) Rectum: Negative dosimetric
outlier (Clinical DVH is worse than the predicted DVH Estimate
from RapidPlan).

Conclusion

The training and the verification of the three models
showed favorable results and set the correct basis for the
final step of models’ validation.
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Introduction

Ionizing radiation is a key component of many surgical
procedures across specialties such as vascular surgery,
orthopedics, and urology [1]. Anaesthesiologists play a
crucial role in these interventions, often requiring their
continuous presence throughout the procedure [2].
Consequently, their occupational exposure to radiation
can be significant and varies with the type of procedure,
highlighting the need for systematic monitoring. Each
surgical procedure presents distinct exposure patterns,
necessitating a tailored approach to radiation protection
[3]. This study aims to quantify the effective radiation
doses received by anaesthesiologists during fluoroscopy-
guided procedures, emphasizing the importance of
procedure-specific exposure assessment to enhance
personalized real-time dosimetry and improve radiation
safety for healthcare staff [3,4].

Materials and Methods

ALMAR+ HERADO real-time, active personal
dosimeters that recorded exposure every minute were
employed for dose monitoring. A statistical analysis was
performed to assess the impact of procedural variables,
including  surgical  procedure, anaesthesiologist
positioning, irradiation duration, and patient Dose Area
Product (DAP). Additionally, the data were utilized to
evaluate compliance with radiation protection guidelines
and established exposure limits.

Results

The findings of this study reveal that radiation dose
varies based on procedure type, irradiation time, and
patient DAP. Neurointerventional procedures showed the
highest effective dose, with prolonged irradiation and
elevated DAP. ERCP procedures had the lowest
exposure, featuring short irradiation and minimal DAP.
Urological procedures showed high DAP despite shorter
irradiation time, suggesting that the anaesthesiologist's
position in the operating room may significantly
influence exposure, regardless of patient DAP.

Discussion

Radiation exposure among anaesthesiologists varies by
procedure emphasizing the need for personalized
dosimetric monitoring. Real-time dosimetry enables
tailored protection strategies, optimizing shielding,
positioning and exposure management to enhance
occupational safety.

Conclusions
The comparison of surgical procedures reveals
substantial variations in anaesthesiologists’ radiation
exposure, largely dependent on irradiation time, and
positioning. The findings highlight the necessity for
procedure-specific monitoring and adaptive radiation
protection strategies to ensure optimal occupational
safety as well as the benefits of real time dosimeters use.
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