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Trendy v biomedicinském inzenyrstvi

Konference je zaméfena na diskuzi aktualnich trendl ve vyvoji védy, vyzkumu a vyuky v oblasti
biomedicinského inzenyrstvi v Ceské a Slovenské republice. Navazuje na dlouhodobou tradici pravidelnych
setkavani, ktera se konaji ve dvouletém cyklu a predstavuji jedine¢nou pfilezitost pro sdileni zkusenosti a
poznatk( mezi pedagogickymi i védeckymi pracovniky oboru.

Hlavnim cilem leto$niho roc¢niku je propojit fesitelské tymy s potencialnimi uzivateli vysledk( projektu LERCO
a vytvofit platformu pro odbornou diskuzi mezi vyzkumnymi institucemi a aplikacni sférou. Konference tak
podporuje nejen vyménu védeckych informaci, ale i vznik novych spolupraci, které mohou pfispét k
rychlejSimu pfenosu poznatkl do praxe a k rozvoji biomedicinského inZzenyrstvi v SirSim kontextu.
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Misto konani

Mistem konani 16. ro¢niku konference Trendy v biomedicinském inZenyrstvi bude tradi¢ni beskydsky hotel
Tanecnica na Pustevnach. Tento horsky hotel, slavnostné otevieny v roce 1926, leZi v nadmorské vysSce 1018
m, stranou turistického ruchu. Nabizi stylové ubytovani v jednollzkovych a dvoultdzkovych pokojich a také v
¢tyrldzkovych chatkach s vlastni koupelnou, TV a WiFi. Hotel je idedlnim vychozim bodem pro turistiku,
cyklistiku i bézecké lyZzovani. V okoli se nachazi Stezka Valaska, BéZzecky aredl Pustevny a kazdorocni festival
Ledové sochy. Mezi jeho vyznamné hosty patfil i prezident T. G. Masaryk.

A nyni zde probéhne také 16. rocnik konference trendy v biomedicinském inZenyrstvi za hojné Ucasti vsech
zastupcd z Ceské i Slovenské republiky.

Klidné prostfedi resortu Pustevny v tradi¢nim beskydském hotelu Tanecnica nabizi ubytovani pro vice jak 100
osob v rdmci hotelu a k dispozici je také ubytovani ve vytapénych chatkach. V dobé pobytu je v cené zahrnut
vstup do vnitiniho plaveckého bazénu a hotelové sauny.
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VENTRICULAR ACTIVATION TIME MAPS
OF HEALTHY YOUNG ADULTS

Katarina Kozlikova

Institute of Medical Physics and Biophysics, Faculty of Medicine, Comenius University Bratislava,
Bratislava, Slovakia

Abstract

Ventricular activation time (VAT), or R-peak time, is the interval on an ECG lead from the
start of the QRS complex to the peak of the R wave [1]. It reflects the duration of electrical
activation from the endocardium to the epicardium and can indicate conditions such as heart
failure or ventricular tachycardia when prolonged [2]. Normal ranges vary by lead; for
example, the upper limit for VAT in the right ventricle is about 35 ms (from leads V1 and V3),
and for the left ventricle, it is about 45 ms (from leads Vs and Vg). When using bod surface
potential maps (multi-lead electrocardiography), it is possible to evaluate VAT on the whole
chest surface. Therefore, the aim of our study was to analyse VAT maps in healthy young
adults. Isochrone body surface VAT maps were registered and analysed in 90 healthy
volunteers (42 males), 18 to 19 years of age. Electrocardiograms were recorded using the
mapping system ProCardio [3]; next calculations were performed using MS EXCEL. Mean VAT
maps showed that activation typically begins in the upper right chest and ends in the upper
back, with a predominantly counter-clockwise progression. Thisimplies a predictable pattern
of electrical activity spread in the ventricles. There were no statistically significant
differences between males and females in the mean map patterns, in the QRS duration (M:
92 + 12 ms; F: 90 * 13 ms), in the shortest VAT time — activation begin (both: 21 + 8 ms), in
the longest VAT time - activation end (M: 79 +9 ms; F: 76 £ 11 ms). The activation
beginnings and ends were always outside of the positions of standard chest electrodes. Given
our results, when using VAT maps for diagnostic purposes, it is not necessarily necessary to
maintain an exact ratio of men to women compared to the patients in the selection and
composition of control groups of young adults.

Key words
body surface potential mapping; ventricular activation time
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TRENDS IN ARTIFICIAL INTELLIGENCE—RELATED PATENTS IN
MEDICINE AND HEALTHCARE

Vratislav, Harabi$'?, Filip, Korbel®

IpatentEnter s.r.o.

’Departmen of Biomedical Engineering, Brno Univ. of Technology

Abstrakt

Machine learning methods have become increasingly common. Their role in medicine and
healthcare has been evolving for several years, mainly due to the large volume of data generated
in medicine. Machine learning methods have proven useful in processing large amounts of data,
such as that provided by medical imaging systems. Processing such data is very time-consuming
for a doctor or specialist and places high demands on concentration during data analysis.

In connection with the development of these methods, the number of patent applications and
subsequently granted patents involving artificial intelligence methods has also been increasing,
as shown by the authors in [1], who focused on patent activity in the US and at the EPO. The
increase in patent applications in the field of artificial intelligence in medicine occurred between
2013 and 2014, and since then this trend has accelerated significantly.

This is demonstrated by our analysis, conducted in the commercial patent database Patsnap,
which currently includes over 200 million patent documents from 172 jurisdictions. We focused
on the total number of patent documents related to artificial intelligence in medicine and
healthcare. We used the following search strategy: "TACD_ALL:((artificial AND intelligence) OR
((machine OR deep) AND learn*)) AND TACD_ALL:(medical OR health*)". The result is more than
554,000 patent families. The graph in Figure 1 shows a sharp increase in published applications.
In 2020, 23,731 patent documents were published, in 2022 this number rose to 51,108, and in
2024 it was already 125,238. Data for 2025 so far indicate 147,270 published documents.

Figure 1 Published patents in area of artificial intelligence in medicine per year.

The most active countries include China, followed by the US and India. The most active applicant
is Samsung Electronics, with more than 16,800 patent documents in this field. Other significant
applicants include large multinational corporations that control various technology companies,
such as Softbank Group and Tencent Technology, as well as major technology companies such as
Huawei, Qualcomm, LG Electronics, IBM, Microsoft, Intel, Apple, and Google. Among the twenty
largest applicants in this field, there are three academic institutions: Zhejiang University,
Tsinghua University, and the Regents of the University of California (which oversees universities
in California).

This trend also brings further challenges not only for patent attorneys and specialists, but also
for patent office examiners. Artificial intelligence methods are essentially mathematical
methods, which are excluded from patentability. In the case of an invention that involves these
methods, it is important to correctly define the technical nature of the invention, which is a
highly complex issue. Patent authorities themselves are aware of this, and the EPO, for example,
is seeking to update and supplement its guidelines to respond to the development of computer-
implemented inventions. The Guidelines for Examination in the EPO (EPC Guidelines) give
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instructions on the practice and procedure to be followed in the various aspects of the
examination of European applications and patents in accordance with the European Patent
Convention and its Implementing Regulations, see [2].

It is therefore highly desirable that patent attorneys or specialist who prepare application texts
are familiar with the these guidelines and follow them. Guidelines are also a valuable source of
information for inventors, who can prepare a more precise and detailed description of their
invention for the patent attorneys or specialists.

Key words
Artificial intelligence, machine learning, deep learning, medicine, healthcare, patent, EPO

Acknowledgement
This research would not have been possible without PatentEnter s.r.o. | would also like to thank
Michal Jordan for his advice.

Reference

[1] Aboy, M., Price, W.N. & Raker, S. Mapping the patent landscape of medical machine learning. Nat Biotechnol 41, 461-468 (2023).
https://doi.org/10.1038/s41587-023-01735-6
[2] EPO - Guidelines for Examination - https://www.epo.org/en/legal/guidelines-epc/2025/index.html

11


https://doi.org/10.1038/s41587-023-01735-6
https://www.epo.org/en/legal/guidelines-epc/2025/index.html

PREDSTAVENI PROJEKTU LERCO - LIFE ENVIRONMENT
RESEARCH CENTER OSTRAVA: VYZKUMNY PROGRAM 9 -
BIOMEDICINSKE INZENYRSTVI

Marek Penhaker
VSB-TUO, FEI, Katedra kybernetiky a biomedicinského inZenyrstvi, 17. listopadu 2172/15, 708 00

Ostrava-Poruba

Abstrakt

Projekt LERCO (Life Environment Research Center Ostrava) je nové budovany védecko-vyzkumny
hub, ktery jako jeden z nastroji umoznuje transformaci Moravskoslezského kraje (dale MSK) z
,uhelného” na ,zdravéjéi a chytfeji” region. Spi¢kové vybavené zazemi a 9 excelentnich
vyzkumnych tymQ projektu umozni realizaci aktivit v Sirokém a unikdtnim mezioborovém
zaméreni v biomedicinskych, prirodovédnych a behaviordlnich oborech, od zdkladniho vyzkumu
pfes experimentdlni vyvoj po aplikovany vyzkum, napfi¢ VaV institucemi (OU, FNO, VSB-TUO) a
daldimi spolupracujicimi VaV i komerénimi subjekty z praxe v CR/zahranié&i (1).

Cilem projektu je komplexni podpora rozvoje inovacniho VaV potencidlu MSK kraje v
netechnickych oborech s dopadem na: zdravi obyvatelstva, rozvoj spoluprace VaV s komercni
sférou (podpora vzniku spin-off firem), podporu zaméstnanosti v kraji, zvySeni atraktivnosti
regionu ve VaV, vzdélavani a municipality poskytnutim inovaénich ndastroji (1).

Vyzkumny program VP9 Biomedicinské inZenyrstvi je jeden z devidi vyzkumnych program, které
jsou soucasti projektu LERCO. VP9 — Biomedicinské inZenyrstvi pfedstavuje ucelenou platformu
aplikovaného vyzkumu a vyvoje v biomedicinském inZenyrstvi se zacilenim na diagnostiku, terapii
a dlouhodobé monitorovani pacientld. Program je strukturovdn do ¢tyf poduloh a dvaniacti
hlavnich aktivit, které pokryvaji vyvoj pokrocilych HW/SW nastrojd, telemedicinskych feseni,
kardiovaskularnich metod a zpracovani medicinskych dat. Cilem je pfevést vysledky zdkladniho
a aplikovaného vyzkumu do ovérenych prototypl, algoritm( a metodik s potencidlem klinického
nasazeni a ochrany duSevniho vlastnictvi.

e —
| HA1 - Development of algorithm based on
sy logic

| A2 Augmented Reslity in |

HA_3 - Image processing SubTask_4 Medical SubTask_2 Telemedicine | el JCE
data processing technologies and
r systems Fall detection

HA & - Real-ti
silogi

HA3- Activities of Daily

{ Analysis of daily rhythms
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Figure 2 Struktura Vyzkumného programu Biomedicinské inZenyrstvi v ramci projektu LERCO.
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V poduloze Biomedicinské technologie vyvijime nastroje pro automatickou segmentaci jater z CT
dat véetné validace, tvorby optimalizovanych 3D modeld pro AR/VR a podpory prfedoperacniho
planovani; soubéiné probihd vyzkum radiofrekvencnich nastroji RONJA a bioptického nastroje
,BIBI“ s oSetfenim vpichu RF energii a rozvoj metodiky elektrogastrografie. Telemedicinské
technologie a systémy zahrnuji bezkontaktni radarové sniméani vitalnich funkci (MIMO/FMCW)
pro ptrirozené domaci prostfedi, unikatni viozky do obuvi pro méreni smykovych sil béhem chize
a monitorovani aktivit denniho Zivota ve ,living labs” s vyuZitim senzoriky prostredi a prvki
domaci automatizace.

V oblasti Kardiovaskuldrniho systému se zamérujeme na novou metodu stanoveni srdecniho
vydeje na principu glykodiluce s vyuZitim kontinualniho senzoru glukdzy a katetriza¢niho systému
véetné laboratorni a preklinické validace; dale na méfeni a zpracovani EKG v radiodiagnostice
(polymerni/kapacitni elektrody) a algoritmy vektorové kardiografie pro automatickou
diagnostiku ischemické choroby srdecni. V poduloze Zpracovani medicinskych dat vyvijime
metody zaloZené na fuzzy logice a strojovém uceni pro detekci a kvantifikaci biologickych
struktur, AR registraci CT a peroperatnich dat, autonomni biometrickou identifikaci
onkologickych pacientl a rozhrani pro real-time zpracovani biosignald (BCl) pro
neurorehabilitaci.

Projekt probihd v Gzké spolupraci s klinickymi partnery a je koncipovan s dlrazem na
prenositelnost do praxe, validace na zvifecim modelu i u pacientl, ochranu vysledkd (patenty) a
publikace. Ocekdvanymi vystupy jsou funkéni prototypy senzorl a nastrojl, SW moduly
(segmentace, klasifikace, AR/VR, telemetrie), metodiky méfeni a hodnoceni a fizené datové sady.
Diky moduldrni architekture a navaznosti aktivit projekt sméfuje k budouci integraci do
digitdlniho dvojcete vybranych procesd, umoznujiciho prediktivni simulace a on-line podporu
klinického rozhodovani.

Key words
biomedicinské inZenyrstvi, telemedicina, kardiovaskuldrni systém, glykodiluce, kontinudlni

senzor glukdzy, augmentovand realita, segmentace jater, nositelné senzory, radarové snimadni
vitdInich funkci, aktivity denniho Zivota,
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Abstrakt

Béhem prezentace chceme predstavit vysledky nasi préace, kterd bude predmétem brzké
publikace. Zabyvali jsme se modelovanim elektroaktivni piezoelektrické funkéni vrstvy na
implantatu, kterad by elektricky stimulovala okolni buniky pfi zatiZeni. Jedna se o sloZity systém,
ktery vyzaduje cely modelovaci framework stavajici se z propojeni elektrochemického modelu
elektrické dvojvrstvy u silné nabitého rozhrani a to v slozitém elektrolytu tkanové tekutiny
(obvykle simulovany tzv. SBF) a pevné feroelektrické vrstvy, ktera je zdrojem ndboje na rozhrani
elektrické dvojvrstvy. Pfipad slozitého roztoku a velkého ndboje/potencidlu na rozhrani dosud
pfedstavovovaly limity analytického modelovani elektrické dvojvrstvy. Vychazeje ze sterického
modelu vyvinutého Kilicem et. al. vroce 2007 jsme vytvofili modelovaci framework
elektrochemickych jevl na rozhrani feroelektrika a elektrolytu, ktery tyto teoretické obtize
prekondva.

Key words
elektrickd dvojvrstva, elektrochemicky model, rozhrani feroelektrika/elektrolytu
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Abstract

Intensive rehabilitation of motor functions is important in patients for whom reduced or lost
grip strength is indicated [1]. These are mainly tetraplegic patients, stroke patients and patients
with spinal cord injury [2,3]. It is proven that this rehabilitation helps not only to improve the
grip function of the hand, but also to restore the neurological brain, which is favourable for the
patient's return to active daily life [1]. Rehabilitation consists in actively or passively grasping
and moving standardized objects. In case of insufficient strength in the upper limb, the
rehabilitation assistant assists the patient in performing specific tasks. To eliminate the need
for an assistant and improve the rehabilitation itself, special rehabilitation mechatronic orthoses
were created, which help in the rehabilitation of motor functions of the hand [1-3]. Developed
in scientific institutions around the world, these devices have been tested on patients with no
or insufficient upper limb grip strength and have had a positive effect on their overall health.
Few mechatronic orthoses are currently used in practice due to their complicated construction,
operation, and high production costs [1,2,4-6]. For this reason, it is necessary to design and
manufacture a low-cost mechatronic rehabilitation orthosis with simple control and individual
design. To create such a tool, it is advisable to use modern technologies from 3D scanners to
additive manufacturing [6,7,8]. Scanning the body surface using 3D scanners is, from a practical
point of view, an adequate method for designing orthotic aids [8-12]. From the positive obtained
by 3D scanning a model of the orthotic aid may be designed in a suitable CAD (Computer Aided
Design) software [12,13]. Using this method, a precise individual 3D design of an orthotic device
is created, which can then be produced by additive manufacturing [12]. Additive manufacturing
is the production of objects by combining selected materials according to a 3D model divided
vertically into horizontal layers [13-15]. The biggest advantage of 3D printing is the possibility
of producing structures and shapes that are too complex to produce with commonly used
technologies [14]. Its advantage is a reduction in production time, a large selection of suitable
materials, a reduction in the amount of waste, the possibility of rapid production, etc. Thanks
to this, additive manufacturing and 3D scanning are widely used in the medical field [8,10]. The
aim of this project is to design and manufacture a low-cost mechatronic rehabilitation assistive
orthosis for subjects with impaired grip strength using CAD/CAM systems.

Key words
Rehabilitation, impaired grip strength, mechatronic orthosis, individual orthotics
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Abstract

The long-term cooperation between Technical University of Liberec and Regional Hospital
Liberec, CARIM, Intensive Care Unit (ICU) is presented. This solution provides passive reconditioning for
ICU bedridden patients with limited mobility. We focus on simple assistive systems for the care of
immobilized patients who are conscious. Itallows for the rehabilitation in existing hospital beds, minimizing
disruption to treatment routines. In particular, we focus on systems with top-down access so that
patients are not restricted in terms of monitoring invasive access and ensuring life support. The
aim of the project is to map the effectiveness of the necessary locomotion of these patients,
which is currently only provided by specialized healthcare professionals. At conclusion the
clinical verification process for a specific device will be presented.

Key words
Physiotherapy, Passive reconditioning, Bedridden patients, Assistive systems, Machine learning,
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Abstrakt

Approximately 7% of all children in the Czech Republic are born prematurely, and this group
requires intensive and specialized care. With the increasing number of cases, more complex
interventions are needed immediately after birth. Therefore, on March 1, 2024, with the support
of the European Social Fund Plus and the Employment Plus Operational Program, a pilot project
entitled "Early Detection and Prevention of Health Complications in Premature Babies" was
launched, implemented by the National Screening Center of the Institute of Health Information
and Statistics of the Czech Republic. The project focuses on the early detection and reduction of
health risks in premature babies (PB), namely malnutrition, bronchopulmonary dysplasia, and
developmental psychopathology at the age of 5.

The project focuses on three areas of early detection and reduction of health risks in prematures
babies:

Home-based controlled monitoring and optimization of oxygen therapy — Currently, there is no
standard screening tool in place for the comprehensive monitoring of long-term home oxygen
therapy for children. This intervention significantly reduces the length of hospitalization,
supports the child's mental and physical development, and provides psychological support to
parents. Parents have direct contact with a doctor for regular consultations and monitoring.

Managed nutrition in PB — Nutrition is a key factor influencing PB morbidity, so it is necessary
to monitor each PB case over the long term and set up an individual nutrition plan for them. The
result should be progressive weight gain, growth in length, and improvement in the child's
overall health. The emphasisis onlong-term monitoring and individualized nutrition that reflects
the child's current condition and accelerates the transition to enteral feeding. This leads to a
reduction in morbidity and mortality, reduces the risk of bronchopulmonary dysplasia and other
complications, shortens the stay in the ICU, and promotes earlier contact between mother and
child.

Early detection of developmental deviations in PB at the age of 5 — Currently, monitoring of PB
up to the age of 2 with an assessment of psychomotor development is mandatory in the Czech
Republic. Clinical practice shows that it is necessary to perform examinations at the preschool
age of 5, when the child is integrated into the group. This intervention includes early detection
of borderline findings, which prevents the development of pathology, improves the child's social
skills and communication, and facilitates their integration into the peer group.
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The implementation of these key areas is expected to bring about a significant improvement in
the health and quality of life of PBs and their families, and to provide healthcare professionals
working with this specific group of children with the necessary information and support.

Key words
prevention,premature babies, home oxygen therapy, controlled nutrition, developmental
abnormalities
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Abstrakt

Od roku 2018 jsou na Fakulté elektrotechnické CVUT v Praze akreditovany pro prezenéni vyuku
bakalarsky i magistersky studijni program Lékarska elektronika a bioinformatika , obé stavajici
akreditace maji platnost do roku 2028. Na FEL CVUT tak aktudlné probiha proces reakreditace
obou studijnich program0. Vznik stavajici bakaldfské akreditace reflektoval poptavku po
biomedicinsky orientovaném studijnim programu na FEL CVUT a potfebu vychovy vlastnich
bakalafd pro navazujici magistersky program, postupem casu se vSak ukazaly nékteré jeho limity,
predevsim celkové velmi obecna skladba pfedmétu.

V nové bakaldrské akreditaci byl proto sniZen rozsah vyuky matematiky a fyziky a to tak, aby ve
studijnim pldnu vznikl prostor pro oborové pfedméty. Na uvolnéné misto pak byly zafazeny nové
predméty, pripadné pfesunuty nékteré predmeéty z magisterské etapy, a to tak, aby vznikl studijni
program poskytujici komplexni bakaladfské vzdélani v oblasti biomedicinského inZenyrstvi.

V nové magisterské akreditaci pak doSlo k redukci poctu specializaci z ¢tyfech na dvé -
hardwarové orientovanou Lékafskou elektroniku a softwarové orientovanou Lékarskou
informatiku, s pomérné Sirokou moZnosti vybéru povinné volitelnych a volitelnych predméta.
Vznikl tak unikdtni studijni program, ktery reflektuje zdjem pridmyslovych partnerd, vyzkumnych
pracovist, pozadavky klinické praxe i zpétnou vazbu studentl a absolvent(.

Akreditacni proces obou studijnich program je aktualné pred dokoncenim, prvni studenti by do
novych akreditaci méli nastupovat v ZS 2026/2027 (bakalafsky studijni program), resp. o rok
pozdéji (magistersky studijni program).

Key words
biomedicinské inZenyrstvi, akreditace, studijni program, Fakulta elektrotechnickd, Ceské vysoké uceni technické
v Praze

Uvod

Od roku 2018 jsou na Fakulté elektrotechnické CVUT v Praze akreditovany pro prezenéni vyuku
bakalarsky i magistersky studijni program Lékarskda elektronika a bioinformatika [1]. Cilem obou
programi je vychovavat absolventy, ktefi jsou schopni feSit inZenyrské problémy zejména v
oblasti navrhu a vyvoje modernich elektronickych zafizeni a softwarovych aplikaci v oblasti
mediciny a biologie. Absolventi nachazeji uplatnéni ve zdravotnickych zafizenich, ve vyzkumnych
nebo vyvojovych tymech, i v nejriznéjsSich manaZzerskych pozicich. Maji taktéz dobry zaklad pro
samostatnou védeckou praci a pro pokracovani v doktorskych studijnich programech. Akreditace
obou studijnich programid byly Narodnim akreditaénim Ufadem udéleny na 10 let a jejich platnost
tak uplyne v roce 2028 [2]. Na FEL CVUT tak aktudlné probiha proces reakreditace uvedenych
studijnich programd.
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Tento prispévek proto pfinasi prehled provddénych zmén v akreditaci vyuky biomedicinského
inzenyrstvi na FEL CVUT a diskusi ddvodd, které k témto zménam vedly.

Stavajici akreditace

Vznik stavajici bakaldrské akreditace reflektoval poptavku po biomedicinsky orientovaném
studijnim programu na FEL CVUT a potiebu vychovy vlastnich bakalafd pro navazujici magistersky
program, ktery méa na FEL CVUT dlouholetou tradici a jehoZ studenty byli pfed vznikem bakalaiské
akreditace predevsim absolventi bakaladrskych program( Elektronika a komunikace a Kybernetika
a robotika, a Castecné pak i studenti pfichazejici z jinych fakult nebo vysokych Skol. Skladba
predmétd byla koncipovana tak, aby pokryvala jak elektrotechniku (37 %), tak informatiku (37
%) a zdravotnické obory (26 %) [3]. Stavajici magisterskd akreditace pak kopirovala drivéjsi
podobu magisterského studijniho programu a byla rozdélend na ¢tyfi specializace -
Bioinformatika, Lékafska technika, Zpracovani obrazl a Zpracovani signald.

V pribéhu ¢asu se postupné ukdazaly nékteré limity stavajici bakalarské akreditace, které jiz
nebylo moiné fesit drobnymi zdsahy do jednotlivych pfedmétd a které jsou proto feSeny v ramci
pravé probihajici reakreditace obou studijnich program(. Jedna se prfedevsim o celkovou skladbu
predmétld v bakaldfské etapé, kterd byla studenty i zaméstnavateli vhimana jako ptilis obecn3,
navic s ohledem na plvodné poZadovany rozsah vyuky matematiky a fyziky se bliZila spiSe
tradi¢nim elektrotechnickym programim neZ studijnim programim orientovanym na
biomedicinské inZenyrstvi.

Nova akreditace

V nové bakaldrské akreditaci byl proto snizen rozsah vyuky matematiky a fyziky a to tak, aby ve
studijnim planu vznikl prostor pro oborové predmeéty. Ze studijniho planu tak vypadly predméty
Diferencialni rovnice a numerické metody a Komplexni analyza, jejichz latka se na potifebné
urovni objevuje i v odbornych elektrotechnickych a signdlovych predmétech, a predméty Signdly
a soustavy a Biomedicinské senzory, které byly nahrazeny jinymi obdobnymi predméty. Na
uvolnéné misto pak byly zafazeny nové predméty Lékarskd elektronika a Zaklady hlubokého uceni
a z magisterské etapy presunuty predmeéty Biologické signdly, Zobrazovaci systémy a Statisticka
analyza dat. Pfredmét Biologické senzory byl naopak pfesunut do magisterské etapy studia. V
novém studijnim planu je vyhrazen i prostor na volitelné pfredmeéty, které poskytuji studentdm
moZnost CasteCné specializace jiz v pribéhu bakaldfské etapy studia. Vznikl tak studijni plan,
ktery ddva studentim moZnost komplexniho bakaldfského vzdélani v oblasti biomedicinského
inZenyrstvi a umoZiuje jim tak i pfipadny smysluplny odchod do praxe jiz po absolvovani
bakalafské etapy studia, kdy doposud mély spiSe jen hluboké teoretické znalosti obtizné
prakticky uplatnitelné.

Hod.
Sem. 1 2 3 4 5 8 7 8 2 10 1 12 13 14 15 16 | 17 18 10 20 21 22 23 24 25 28 27 28 29 30 kredity |
Matematicka analyza 1 Linearni algebra Fyzika 1 Algorimy 2 program. (Ovod do biomed.inz.
1 ] ZIoH | zk 5 kz ] 2k -] kz 30
Matematicka analyza 2 Fyzika 2 23kl glektr-obvodu Zakl.zprac.signald
2 |s x |7 * |5 * |8 2 | : N
ické signaly | F 3ini progr. Apl gl.mag v bio | Méfeni pro bioinz. | Chemie pro biging- fy | Povinné volitelné pf. Volitelny
3 5 zk | 4 kz | 4 zk 4 kz 3 kz 4 2 30
Statista pravdépod | Biofyzika Zobr. systémy v lékarstvi Dibgitélni zpracovani Elektronické obvody 1 Povinné volitelné pf.
obrazu
4 5 zk |5 zk | 4 zk 8 zk 8 zk 4 30
project | Optimali Lékafska elektronika Rozpoznavani a stroj.uceni Povinné volitelné pf. I Volitelny
5 5 k2 |7 zk 8 zk 8 zk 4 2 30
Bakalifska prace Statisticka analyza dat Zaklady hlubokého ugeni Povinné volitelné pf. Volitelny |
] 14 z [} zk 4 zk 4 zk 2 30
180

Obrazek 1: Studijni plan bakalafského studia Lékarska elektronika a bioinformatika
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V nové magisterské akreditaci pak z didvodu zvysSeni efektivity vyuky doslo k redukci poctu
specializaci z ¢tyfech na dvé — hardwarové orientovanou Lékarskou elektroniku a softwarové
orientovanou Lékarskou informatiku. Obé specializace maji celkem pét spolec¢nych povinnych
predmétd, které davaji studentdm zakladni oborové znalosti. Jedna se o predméty Lékarska
technika, Legislativa a management zdravotnickych prostfedkd, Pokrocilé metody DSP,
Zpracovani medicinskych obrazl a Bioinformatika (v obrdazku 2 oznadeno jako povinné volitelné
predméty programu typu A). Tyto predméty jsou pak doplnény povinnymi pfedmeéty jednotlivych
specializaci, pro Lékarskou elektroniku predméty Biomedicinské senzory, Fyzika pro diagnostiku
a terapii, Konstrukce Ilékarskych systém(, Mikroprocesory a zaklady elektromagnetické
kompatibility, pro Lékafskou informatiku predméty Foundation of Machine Learning,
Kombinatorickd optimalizace, Metody pocitacového vidéni, Pokrocila algoritmizace a Pokrocilé
hluboké uceni (v obrdzku 2 oznaceno jako povinné volitelné predméty specializace). Dalsi
predmeéty studijniho planu jsou jiZz povinné volitelné pfedméty a predméty celofakultni nabidky,
které umoinuji studentim specializaci do konkrétnich oblasti jejich zajmu. Vznika tak unikatni
studijni program, ktery reflektuje zajem primyslovych partnerd, vyzkumnych pracovist,
pozadavky klinické praxe i zpétnou vazbu studentd a absolvent(.

1.seme
str

PV programu typ A

2
semestr

PV programu typ A

3.
semestr

Diplomovy projekt

4
semestr’

Diplomova prace

Obrézek 2: Studijni plan magisterského studia Lékarska elektronika a bioinformatika

Zavér

Cilem provadénych zmén v akreditacich bakaldafského i magisterského studijniho programu
Lékarskd elektronika a bioinformatika na FEL CVUT v Praze je vznik moderniho studijniho
programu, ktery jiZz v bakalarské etapé umozini studentlm ziskat oborové znalosti a ktery sleduje
aktualni vyvoj v oblasti biomedicinského inZenyrstvi vietné vyzev souvisejicich s aplikacemi
nanotechnologii a vyuzitim umélé inteligence a pokrocilych metod zpracovani dat v mediciné.

Akreditacni proces obou studijnich programi je jiz v pomérné pokrocilé fazi a mél by byt
dokoncen v druhé poloviné roku 2025 nebo z kraje roku 2026 s tim, Ze prvni studenti
bakalafského studia by do nové akreditovaného programu nastupovali v ZS 2026/2027, prvni
studenti magisterského studia pak o rok pozdéji.
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Abstract

This paper addresses the use of smartwatches as an innovative tool for continuous monitoring of
users’ health status. Equipped with integrated sensors such as optical heart rate monitors,
accelerometers, and gyroscopes, smartwatches enable the collection of data on key physiological
parameters—including heart rate, physical activity, sleep quality, and stress levels. Such data
hold significant potential for the prevention of chronic diseases, early detection of health
abnormalities, and the promotion of a healthy lifestyle through personalized recommendations.

[1]

In the context of medical metrology, ensuring the accuracy, repeatability, and comparability
of measurements performed by smartwatches is essential. Metrological traceability of measured
quantities to international standards facilitates the validation and certification of these devices,
which is critical for their reliable use in healthcare practice. This paper also analyzes challenges
related to sensor calibration, validation methodologies, and data integration into clinical
systems, emphasizing the need for standardization and a metrological framework to support the
development of precise and safe wearable medical devices. [1; 2]

The aim of this contribution is to demonstrate the potential of smartwatches as an effective tool
for modern healthcare while highlighting the necessity of metrological support [3] to ensure the
quality and reliability of the acquired data.

23



Key words
healthcare, medical metrology, monitoring, smartwatch

Acknowledgement

The authors hereby express their sincere gratitude to the Slovak University of Technology in Bratislava (Faculty
of Mechanical Engineering), the Czech Metrology Institute, the KEGA grant agency (project number 024STU-4/2023:
Building a Laboratory of Medical Metrology), and the APVV grant agency (project numbers APVV-21-0216: Advanced
Mathematical and Statistical Methods for Measurement and Metrology, and APVV-21-0195: Research the Possibility
of Digital Transformation of Continuous Transport Systems) for their invaluable support.

References

[1] Smetanka, A., Rybaf, J., Gerneschova, J. Vlastné verzus odborné meranie v oblasti starostlivosti o ludské zdravie. In MMK 2024 Mezinarodni
Masarykova konference pro doktorandy a mladé védecké pracovnik : Recenzovany sbornik pfispévki mezindrodni védecké konference. 1. vyd.
Hradec Kralové: Magnanimitas, 2024, S. 889 - 900. /Personal versus professional measurement in the field of human health care. In MMK 2024
International Masaryk Conference for PhD students and young researchers: Peer-reviewed proceedings of the international scientific
conference. 1st ed. Hradec Kralové: Magnanimitas, 2024, pp. 889-900./. ISBN 978-80-87952-41-2.

[2] Bohacek, ). Metrologie. 3. ptepracované vydani. V Praze: Ceské vysoké uéeni technické, 2019. /Metrology. 3rd revised edition. In Prague: Czech
Technical University, 2019./. ISBN 978-80-01-06612-6.

[3] Rybat,J., Durig, S., Leja, J., Smetanka, A., Onderco, P., Gerneschovd, J. Laboratory of medical metrology (from physics to medicine in education).
In 27th Conference of Slovak Physicists: Proceedings. 1. vyd. KoSice: Slovak Physical Society, 2024, S. 63 - 64. ISBN 978-80-89855-26-1.

24



RULES FOR METROLOGICAL TRACEABILITY OF MEASURING
DEVICES IN MEDICAL METROLOGY

Jan Rybaf!, Jana Gerneschova?, Simona Nevyhosténa®

lInstitute of Automation, Informatization, and Measurement, Faculty of Mechanical Engineering,
Slovak University of Technology in Bratislava, Nam. slobody 17, 812 31 Bratislava, Slovakia;
jan.rybar@stuba.sk
2Primary Metrology Laboratories Prague, Czech Metrology Institute, Okruzni 31, Brno 638 00,
Czech Republic /workplace Praha, Czech Republic/ & Institute of Automation, Informatization,
and Measurement, Faculty of Mechanical Engineering, Slovak University of Technology,
Nam. slobody 17, Bratislava 812 31, Slovakia; jana.gerneschova@stuba.sk
3Institute of Biophysics and Informatics, First Faculty of Medicine, Charles University,
Katefinskd 32, 121 08, Praha 2, Czech Republic; simona.nevyhostena@gmail.com

Abstract

In the field of medical technology, metrological assurance of instruments with measuring
functions is crucial to ensuring their correct and precise operation, which is essential for the
diagnosis, treatment, and monitoring of patients' health. This research presents a solution for
the metrological assurance of instruments with measuring functions classified in category "C"
[1], which require the provision of both the instrument with measuring capability and its
metrological reliability, with reference to the transfer standard [2] as a benchmark for classical
traceability and clinically evaluated instruments [3] when used in clinical conditions.

The proposed approach utilizes a combination of clinical trials and transfer standards as tools
for validating the performance and accuracy of measuring devices. A clinical trial, conducted
under typical healthcare conditions, allows for the verification of the functionality of instruments
in real-world settings and helps identify potential deviations that may affect measurement
results. The transfer standard, in turn, provides a metrological reference to ensure the continuity
of measurements and the correctness of instrument calibration over the long term. This process
not only involves determining measurement accuracy but also monitoring the stability and
repeatability of the measured parameters during routine inspection cycles. [4]

The proper metrological assurance of instruments using this integrated approach not only
ensures compliance with normative requirements but also contributes to greater safety and the
quality of healthcare services provided. [5] This approach can serve as a model for the
metrological assurance of other devices with measuring functions, thus contributing
to harmonization and ensuring quality within the healthcare sector at the international level.

Key words
calibration, clinical trial, healthcare, medical devices, metrology, transfer standard
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Abstract

As part of the educational activities and ongoing projects at the Faculty of Mechanical
Engineering, Slovak University of Technology in Bratislava, we have set the goal of establishing
a modern research and educational center focusing on the development and application
of precise measurement methods in the field of medicine. The KEGA project 024STU-4/2023, titled
"Building a Laboratory of Medical Metrology", responds to the growing need for high-quality and reliable
measurement in healthcare, diagnostics, and research, where measurement accuracy is crucial
for ensuring patient safety and treatment efficacy. This project has reached a successful
conclusion.

The laboratory is equipped with state-of-the-art technologies for the metrological control
of medical devices, analysis of biological samples, and the development of new measurement
techniques. A significant contribution to education is the provision of specialized training,
workshops, and practical exercises for students in the fields of measurement and testing, as well
as medicine, biomedical sciences, and engineering, thus strengthening the connection between
theory and practice. [1;2]

The project has not only contributed to the advancement of scientific research in the field
of medical metrology but also to the innovation of measurement methodologies in medical
technology. [3] The long-term goal is to support the development of new, more accurate,
and efficient diagnostic and therapeutic methods, which have the potential to improve
healthcare globally.

This conference paper presents an investment in the development of science, education,
and healthcare, with a direct impact on enhancing the quality and safety of healthcare services
and facilities.

Key words
education, healthcare, laboratory, medical metrology, project
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Abstract

The biological effects of ionizing radiation arise from its interaction with matter at the molecular
and cellular levels, particularly concerning its impact on cells and tissues [1]. The topic also
includes radiological physics, which provides the physical basis for understanding the
propagation and absorption of radiation in biological tissues [2]. To assess the risks associated
with radiation exposure, biologically weighted doses are used, such as equivalent and effective
doses, which take into account the type of radiation and the sensitivity of individual tissues.
In this context, the current ICRP recommendations [3] are presented, including weighting factors,
natural background radiation, doses from medical procedures, and exposure limits for different
population groups.

The conference paper describes the health effects of ionizing radiation, ranging from acute
deterministic to long-term stochastic effects, and presents lethal dose values for various
organisms [4]. Its aim is to emphasize the importance of proper assessment and control
of radiation exposure for health protection. Ensuring safety when working with ionizing radiation
is essential to minimize harmful biological effects at the cellular and tissue levels. Adhering to
appropriate protective measures, monitoring doses, and respecting exposure limits contribute to
reducing both immediate and long-term health risks.

More detailed information will be provided directly in the conference paper, where the biological
effects on cellular and tissue structures will be analyzed in depth. Attention will also be given to
current safety standards, dose assessment methods, and strategies to reduce exposure and
protect human health. [1; 4]
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Abstract

Traffic noise is a subset of the broader category of environmental noise. When assessing noise,
the source determines the applicable standards and permissible limits. The most common
environmental noise sources (also referred to as applications) include traffic noise (road, rail,
and aircraft), industrial noise, recreational noise, neighbor noise, and construction site noise.
Most legal requirements—such as rating levels, measurement methodologies, and health
protection—are defined within standardized regulations. [1; 2]

According to data reported in 2017 under the Environmental Noise Directive, it is estimated that
at least 18 million people are highly annoyed and 5 million suffer significant sleep disturbance
due to long-term exposure to traffic noise. The European Union’s Zero Pollution Action Plan aims
to reduce the number of people affected by transport noise by 30%. [3]

Traffic noise is the largest single source of environmental noise. There are several strategies
to reduce it, primarily focused on protecting human health and improving comfort. These
strategies generally fall into three main categories: limiting noise generation at its source;
preventing the spread of noise toward exposed individuals; and implementing protective
measures in sensitive environments such as hospitals. [4; 5]

The impact of traffic noise plays a significant role in evaluating its effects on public health and in
the design of effective mitigation measures. Proper measurement and its influence on the
surrounding environment will be presented in more detail as part of the conference paper.

Key words
environmental noise, human health, laws, measurement, traffic noise

Acknowledgement

The authors would like to thank the Slovak University of Technology in Bratislava (Faculty of
Mechanical Engineering), the grant agency KEGA (project number 024STU-4/2023: Building a
Laboratory of Medical Metrology), and the grant agency APVV (project numbers APVV-21-0216:
Advanced Mathematical and Statistical Methods for Measurement and Metrology, and APVV-21-
0195: Research the Possibility of Digital Transformation of Continuous Transport Systems) for
their support. The authors greatly appreciate the support provided by everyone listed.

32



References

(1]
(2]
(3]

(4]
(5]

Argalasova, L., Jajcaj, M., Urban, R. Vplyv hluku na zdravie v obytnych Gzemiach, UVZ SR, 2019 /The Impact of Noise on Health in Residential
Areas, Public Health Authority of the Slovak Republic, 2019/. ISBN 978-80-7159-243-3.

Briel & Kjeer magazine. Medzindrodni magazin hluku a vibraci spole¢nosti Briel & Kjeer, ¢. 1, 2004, BW 0815-11 /Briiel & Kjeer magazine:
International Noise and Vibration Magazine by Briiel & Kjaer, No. 1, 2004, BW 0815-11/.

European Environment Agency. Health impacts of exposure to noise from transport in Europe, 27 Feb 2025, online, available at:
https://www.eea.europa.eu/en/analysis/indicators/health-impacts-of-exposure-to-1

Eelco den Boer, L. C., Schroten A. Traffic noise reduction in Europe, CE Delft, 8/2007, Report.

Briiel & Kjaer Product Catalogue. Environmetnal Solutions, BF 0213-11.

33



THE IMPORTANCE OF METROLOGICAL TRACEABILITY
IN HEALTHCARE — THE ROLE OF NATIONAL STANDARDS OF THE
SLOVAK REPUBLIC IN ENSURING RELIABLE MEASUREMENTS

Andrej Smetanka?, Jan Rybai?, Jozef Leja®

Institute of Automation, Informatization, and Measurement, Faculty of Mechanical Engineering,
Slovak University of Technology in Bratislava, Nam. slobody 17, 812 31 Bratislava, Slovakia;
andrej.smetanka@stuba.sk
2Institute of Automation, Informatization, and Measurement, Faculty of Mechanical Engineering,
Slovak University of Technology in Bratislava, Nam. slobody 17, 812 31 Bratislava, Slovakia;
jan.rybar@stuba.sk
3Institute of Mathematics and Physics, Faculty of Mechanical Engineering, Slovak University
of Technology in Bratislava, Nam. slobody 17, 812 31 Bratislava, Slovakia; jozef.leja@stuba.sk

Abstract

Reliable and accurate operation of medical devices is essential for safe and effective healthcare.
According to current legislation in the Slovak Republic, only a specific group of measuring
instruments—referred to as “specified measuring instruments” —is subject to regular and
independent metrological control. These instruments must be verified at intervals defined by a
government regulation. This group includes devices such as blood pressure monitors, dosimeters,
medical thermometers, and others. Ensuring the traceability of these instruments is crucial for
achieving reliable measurement results. [1]

The metrological traceability [2] chain represents a sequence starting from the S| base units,
through national standards, down to the individual measuring instrument. In Slovakia, national
standards are managed by the Slovak Institute of Metrology [3], which is responsible for their
development and maintenance. Although legislation mandates independent metrological control
only for specified measuring instruments, in practice, there is an increasing emphasis on ensuring
metrological control—i.e., calibration—even for other medical devices with a measuring
function. This is because accurate and reliable measurement results are essential for making
correct diagnoses and setting optimal treatments. A typical example is pressure metrology in
healthcare [4].

This conference paper highlights the importance of national standards in the context of direct
metrological traceability of selected quantities in the field of healthcare.
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Abstrakt

Slitiny s tvarovou paméti (SMA) predstavuji specifickou skupinu materidll, které vykazuji dvé
unikatni vlastnosti — efekt tvarové paméti a superelasticitu. Diky nim jsou SMA senzory schopny
reagovat na malé mechanické deformace a pfevddét je na méritelny vystup. Tato kombinace
vlastnosti je Cini atraktivnimi pro vyuZziti v biomedicinském inZenyrstvi, zejména v situacich, kde
je pozadovdna vysoka citlivost a flexibilita pfi snimani pohybl. V poslednich desetiletich se SMA
senzory objevuji v rlznych aplikacich, od ortopedickych implantdtd aZ po aktuatory v
miniinvazivnich pfistrojich. Cilem tohoto vyzkumu je posoudit moZnost vyuZiti SMA senzorl k
neinvazivni detekci peristaltiky stfev. Peristaltika predstavuje klicovy fyziologicky jev, jehoz
poruchy mohou signalizovat zavazna onemocnéni gastrointestindlniho traktu. Planované méreni
by probihalo pomoci SMA senzorld umisténych pod levym Zebernim obloukem a v dolni ¢asti
brficha, kde predpoklddame minimalni vliv okolnich fyziologickych procesl, napfiklad Cinnosti
branice nebo pulzace aorty. Tento vybér lokalit by mohl zvySit Sanci na zachyceni specifickych
mechanickych signdld spojenych s pohybem stfevni stény. Tento vyzkum ma potencial rozsirit
mozZnosti diagnostiky a monitorovani gastrointestinalnich poruch a zaroven prispét k vétsSimu
komfortu a bezpecnosti pacientd. Do budoucna by tato metoda mohla predstavovat vyznamny
krok smérem k personalizované mediciné, ktera kombinuje vysokou pfesnost méfeni s minimalni
invazivitou.
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Abstract

Photoplethysmography (PPG) has recently emerged as a promising non-invasive tool for cardiac
arrhythmia (CA) detection, particularly when integrated into wearable or smart devices, offering
continuous and accessible cardiac monitoring [1]. However, premature beats (PBs) do not always
produce clearly observable peaks in PPG signals [2], which can complicate their detection and,
consequently the identification of CAs.

To investigate this, we conducted a study with 20 subjects in which PBs were induced by pacing
from implantable cardioverter-defibrillator or pacemaker at coupling intervals ranging from 300
to 500 ms in 50ms increments. During each measurement protocol, both PPG signals and
reference ECG recordings were collected. The pacing protocol was structured as follows: to
induce premature atrial contractions (PACs), double and triple pacing stimuli were delivered to
right atrium across all coupling intervals from 300 to 500 ms. In addition, quadruple and
quintuple stimuli were applied at coupling intervals of 450 ms and 500 ms, respectively, to
induce supraventricular tachycardia. The same sequence was then performed for premature
ventricular contractions (PVCs), with 2x—-3x pacing stimuli delivered to right ventricle across
300-500 ms coupling intervals, followed by 4x and 5x stimuli at 450 ms and 500 ms to induce
ventricular tachycardia. In total, this protocol yielded 280 measurements. Each measurement
was assigned a binary visibility label based on the following criterion: if all PPG peaks
corresponding to all PBs were clearly identifiable, visibility was defined as 1, otherwise, it was
defined as 0. Some measurements were excluded from analysis because pacing at very short
coupling intervals failed to propagate in the myocardium or PPG recordings were corrupted by
motion artifacts.
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Analysis of the resulting PPG data showed that the proportion of visible PBs increased with
longer coupling intervals, underscoring the importance of identifying the threshold at which
reliable detection is achieved. Let p denote the proportion of measurements with all PB peaks
visible out of the total number of measurements at a given coupling interval. At 300 ms, none
of the 22 measurements showed all PBs visible (p = 0, 95% Cl [0.0-0.15]); at 350 ms, the
proportion increased to p = 0.59 (95% CIl [0.39-0.76], 29 measurements); at 400 ms, it rose
further to p = 0.86 (95% Cl [0.71-0.95], 37 measurements); and at 450 ms and 500 ms, all PBs
were visible in all measurements (77 and 78, respectively). These findings indicate that PB
detection in PPG can be considered reliably achievable from coupling intervals of 400 ms and
above, providing quantitative guidance for interpreting and applying PPG-based CAs monitoring
in clinical and research settings.
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Abstract

Deep cervical inflammation in children is a serious infectious disease that affects deep areas of the cervical region and poses
a significant risk of complications, including the spread of inflammation to surrounding structures such as the mediastinum.
Children are a particularly vulnerable group because they have limited communication skills, which complicates diagnosis. The
main diagnostic methods include contrast-enhanced computed tomography (CT), or magnetic resonance imaging (MRI) or
ultrasound (US), supplemented by biochemical monitoring of inflammatory markers, such as checking the amount of C-
reactive protein (CRP) or the number of leukocytes in the blood. Treatment usually involves a combination of broad-spectrum
antibiotics (ATB) and surgical intervention, including abscess drainage. Early diagnosis and proper treatment are key to
successfully managing this disease and preventing serious complications such as sepsis. This work focuses on predicting the
specific type of treatment. The main objective is therefore to verify the reliability of predicting the type of treatment from
available data and to determine which symptoms most influence the choice of treatment type.

The study includes patients admitted to the Children's University Hospital in Brno with severe throat inflammation between
2010 and 2022, a total of 78 patients. The patients were aged 0-17 years. Fifty-one patients underwent surgery, and
conservative treatment with antibiotics was used to cure 27 cases. A total of 22 symptoms and the type of treatment (surgical
or conservative) were identified for each case. Two irrelevant symptoms were omitted, namely the total length of
hospitalisation (a symptom occurring after treatment) and the imaging method (89.7% CT, 2.6% MR and 7.7%), which was
performed on all patients. Numerical symptoms included age, abscess volume, leukocyte count, neutrophil count, percentage
of neutrophils in leukocytes, CRP, and duration of symptoms prior to hospitalization. Binary symptoms included gender,
abscess >2 cm3, compression of large vessels, dysphagia, odynophagia, pain, limited mobility, bulging, trismus, respiratory
distress, and dysphonia. And two categorical variables: side of the abscess (bilateral, left, and right) and location of the abscess
(parapharyngeal, retropharyngeal, multiple, and other).

As part of the analysis of symptoms, we compared their relationship to the choice of treatment and also the mutual
associations between individual variables. Spearman's correlation analysis (association between numerical variables),
Cramer's V coefficient (association between categorical variables), and Eta-squared analysis (statistically compares the
significance of the means of numerical variables in individual categories of the variable) were used to determine the
relationships between the parameters (in Figure 1). Exploratory analysis showed that the key factor for indicating a surgical
solution is primarily the size of the abscess, especially if it exceeds 2 cm3. This symptom appears to be the most significant
predictor across all models used. Furthermore, the values of inflammatory markers (CRP, neutrophils, and leukocytes), which
also correlate significantly with each other, appear to be essential. In addition, symptoms such as odynophagia and dysphagia
and odynophagia and dysphonia are closely related, which supports outpatient findings. [1] Associations between predictors
showed that some characteristics are closely related (e.g., the binary variable abscess >2 cm? has an impact on the continuous
variable CRP value, i.e., the larger the abscess volume, the higher the CRP).
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When analyzing the symptoms, one hypothesis was tested: whether there is a correlation between the location of deep
cervical inflammation and the type of treatment at a significance level of 0.05. Fisher's exact test was used to calculate the
independence test based on the contingency table. The calculation of the chi-square test based on the contingency table gave
a p-value of 0.63. Therefore, the null hypothesis of independence cannot be rejected.

As part of the preprocessing, normalization was performed for continuous variables using the Zscore method and for
categorical variables using the OneHotEncoder method. The following models with the following settings were selected for
predicting the type of treatment: 1. Logistic regression (LR) with ElasticNet, 2. Linear discriminant analysis (LDA) with
shrinkage, 3. Random Forest (RF) machine learning model with regularization. Stratified 5-fold cross-validation (with shuffling
and random state 42) was used for validation. For the unsupervised LDA method, cross-validation was used to test model
stability. LDA is stochastic in nature, so results may vary even with the same input data. The metrics used were AUC, Accuracy,
Sensitivity (surgical detection), Specificity (conservative detection), F1 score, and Precision.

Model AUC | Accuracy | Sensitivity | Specificity [ F1 score | Precision

LR | 0,695 | 0,603 0,607 0,600 0,665 | 0,765
- 0,629 | 0,590 0,702 0,373 0,686 | 0,675
RF | 0,597 | 0,640 0,802 0,340 0741 | 0,697

In summary, data analysis supports clinical experience that abscess size and clinical blood markers are decisive factors for
surgical procedure. To verify the dependence of abscess location and type of treatment, p-values of 0.63 were obtained. This
means that at a significance level of 0.05, there is no statistically significant evidence of a dependence between the location
of deep cervical inflammation and the type of treatment.

Based on the results of the treatment type prediction (in Table 1), the main hypothesis can be evaluated, namely whether the
type of therapy for deep cervical inflammation can be reliably predicted using these symptoms. Yes, the type of therapy can
be predicted to a certain extent, but the discriminatory power of this data is rather moderate. The best AUC was obtained for
the LR model (0.695). It has a high sensitivity and specificity value. This is close to the limit of acceptable predictive
performance. In terms of clinical credibility, this prediction is insufficient, and the accuracy of the prediction could be improved
by expanding the dataset or adding and finding more symptoms. The LDA and RF methods would be applicable if the clinical
priority was not to overlook surgical cases. However, the aim here is to accurately separate and predict conservative and
surgical cases at the beginning of treatment during diagnosis, so a more general LR model is more appropriate.
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Abstrakt

Kardiostimulaéni  pfistroje mohou byt za urc¢itych  okolnosti  ovlivnény vnéjSim
elektromagnetickym polem. Z tohoto dlivodu je nutné znat potencialné rizikové zdroje rusivych
poli i vliv, ktery mohou mit na zdravi pacienta. Cilem pfispévku je zhodnotit rizika pouzivani
elektromobild u pacientl s kardiostimuldatory. Ve vybranych modelech elektromobild bylo
provedeno méfeni intenzit elektrického a magnetického pole. Zarovedn byl pomoci
zkonstruovaného fantomu lidského téla a explantovanych kardiostimulatord ovéfeno, zda
emitovana pole mohou ovlivnit funkci stimulacnich zatizeni, pfipadné posoudit klinicky vyznam.
Oba experimenty probéhly pfi maximalnim zatizeni v . modelovych situacich — na sedadle fidice
aspolujezdce, na zadnim sedadle a v tésné blizkosti nabijeciho kabelu béhem nabijeni. Zachycené
elektrické a magnetické pole nebyly hodnoceny jako vyznamné =z hlediska rizika pro
kardiostimulaéni systém. Na zakladé sledovanych elektrogrami a stimulacnich parametrd nebylo
identifikovdano Zadné ovlivnéni funkce kardiostimulatord.
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Abstrakt

Mesenchymal stem cells (MSCs) are among the key tools in regenerative medicine due to their
ability for self-renewal, differentiation into multiple cell lineages, and secretion of bioactive
molecules that promote tissue repair [1,2,3,4]. Recent research has focused on optimizing not
only the microenvironment of MSCs but also external factors that influence their viability and
function. One promising non-invasive approach is photobiomodulation with red light, which has
been shown to stimulate mitochondrial activity, enhance energy metabolism, and modulate
cytokine secretion through interactions with chromophores such as cytochrome c oxidase [5,6].

MSCs can be isolated from a wide variety of sources, including bone marrow, adipose tissue,
umbilical cord blood, placenta, and skin. All these sources demonstrate strong differentiation
potential into osteoblasts, chondrocytes, adipocytes, cardiomyocytes, or neurons [7,8]. Various
biofactors, vitamins, and cytokines have been studied for their effects on MSC proliferation and
differentiation, but maintaining self-renewal and multipotency remains a central challenge [9].
Photobiomodulation therefore emerges as a promising supportive strategy to enhance the
therapeutic potential of MSCs before their clinical application [10].
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Evidence indicates that red light in the range of 600-1000 nm increases MSC proliferation,
paracrine activity, and secretion of key factors such as interleukin-6 (IL-6) and vascular
endothelial growth factor (VEGF). These effects have been particularly confirmed in adipose-
derived MSCs, where an increase in metabolic activity was observed 24 hours after irradiation,
accompanied by enhanced nitric oxide production without significant changes in oxidative stress
[11]. By contrast, blue light (410-470 nm) has been associated with reduced MSC proliferation,
increased production of reactive oxygen species (ROS), and overall negative effects on cell
viability [12,13]. These contrasting findings highlight the importance of carefully selecting
appropriate wavelengths for therapeutic applications.

Despite many promising results, inconsistencies in experimental parameters such as wavelength,
irradiance, or exposure time remain a significant limitation for reproducibility across studies
[5,6]. Standardization of protocols and a deeper understanding of the underlying biological
mechanisms are therefore essential. Such advancements will allow photobiomodulation to be
more effectively applied in MSC preconditioning and ultimately support its translation into
clinical practice [11,12,13].
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Abstract

Acute high-intensity physical exercise can affect blood glucose levels even in healthy individuals,
depending on exercise intensity and duration, training status, and metabolic adaptations.
Changes in glucose during exercise may reflect differences in energy metabolism capacity and
hormonal response [1]. The aim of this study was to determine whether an increase in glucose
during a maximal graded exercise test is associated with aerobic fitness (VO,max) and glucose
variability in the previous and following days.

Thirty-three healthy recreational and competitive athletes, aged 18-50 years, wore a continuous
glucose monitoring device (Dexcom G7, recording glucose level every 5 minutes) for 10 days.
During the monitoring period, they completed a graded exercise test to exhaustion (5 min warm-
up, workload increased every 2 min, 5 min cooldown, total duration 20-30 min), and VO,max
was established. Data for VO.max calculation were measured continuously with a gas analyzer
Metalyzer 3B (Cortex, Germany). The criterion of reaching VO,max was respiratory exchange
ratio (RER) above 1.1. The glucose difference between two time points: 10 min after the test and
10 min before the test was calculated, accounting for the delay between interstitial and plasma
glucose levels. Furthermore, the coefficient of variation was calculated for the day before the
test, the day of the test, and the first and second days after the test.

Participants were divided into two groups: 1) glucose increase <1 mmol/l (n = 19) and 2) glucose
increase 21 mmol/l (n = 14)) according to the difference in glucose between the above-
mentioned two time points. Differences between groups in VO,max and glucose variability
(coefficient of variation) on the day before the test, on the test day, and on the first and second
days after the test were assessed. Data normality was evaluated using the Shapiro—-Wilk test,
which indicated that the data were not normally distributed (p < 0.05); therefore, differences
between groups were analyzed using the non-parametric Mann-Whitney U test, (p < 0.05)
meaning statistical significance.

The group with a glucose increase =1 mmol/l had a higher median VO,max (52 ml-kg="min~", IQR
50-56 ml-kg="min~') compared to the group without an increase (44 ml-kg~"-min~", IQR 35-50
ml-kg="-min~"), with the difference being statistically significant (p = 0.0177). Glucose variability
on the first day after the test was also higher in the increased-glucose group (18.06%, IQR 11-
16% vs. 14.32%, 1QR 15-22%), which was statistically significant (p = 0.0139). No statistically
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significant differences in glucose variability were observed on the day before the test, on the
test day, and on the second day after the test.

These findings suggest that an acute increase in glucose after maximal exercise is associated
with higher aerobic capacity and increased glucose variability on the following day. These
findings are consistent with the conclusions reported in Flockhart’s et al. study [2]. This
phenomenon may reflect a different metabolic and hormonal response in more trained
individuals. Insignificant differences in glucose variability the day before and on the day of the
test support the hypothesis that the observed changes are induced by exercise itself.
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glucose, graded exercise test, VO2max, glucose variability, continuous glucose monitoring, CGM
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Abstrakt

Polyamid 12 (PA12) patri medzi najcastejSie pouZivané polyméry v oblasti aditivnej vyroby pre
medicinske aj priemyselné aplikdcie vdaka svojej biokompatibilite, chemickej odolnosti a
mechanickej stabilite. Estetické a funkéné poziadavky na tieto komponenty viedli k potrebe

vyvinat kontrolovatelny systém farbenia, ktory by zabezpedil homogénnu farebnd Upravu bez
naruSenia vlastnosti materidlu.

V ¢lanku predstavujeme navrh, konStrukciu a testovanie kompaktného zariadenia na farbenie 3D
tlacenych vzoriek z PA12, vyuZivajuceho priemyselny mordant N-RIT-88150-BUN1. Systém
oznaceny ako Controlled Mordant Dyeing System (CMDS) bol navrhnuty s dérazom na presnu
regulaciu teploty, koncentracie mordantu a c¢asu ponoru. InSpiraciou pre jeho vyvoj bol
predchadzajidci prototyp ,MorPA“, zalozeny na konStrukcii pracky, ktory vsSak nevyhovoval
poziadavkam na prenosnost a flexibilitu.

Obr. 1 Dokonceny systém na morenie materidlu PA12

V ramci experimentdlnej Casti boli pouzité vzorky PA12 (HP 3D High Reusability PA12) vytlacené
technolégiou SLS (EOS P390). Materidl spfia normy USP Class I1-VI a ISO 10993 pre
biokompatibilitu. Vzorky s rozmermi 75x12x2 mm boli po tla¢i povrchovo upravené
balotinovanim. Farbenie prebiehalo postupne v piatich cykloch s rastdcou koncentréaciou
mordantu (0,08 g — 1,20 g v 3 | vody, 90-100 °C), pricom kazdy cyklus trval 15 minut.

0 1 2 3 4 5
Obr. 2 Farbené vzorky PA12

Vyhodnotenie bolo realizované vizualne aj mikroskopicky (40x a 100x). S rasticou koncentrdaciou
sa dosiahla vysSSia intenzita farby a lepSia homogenita pokrytia povrchu. Pri najniisej
koncentracii boli zretelné biele pdéry a nerovnomerné sfarbenie, zatial ¢o pri najvyssej
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koncentracii bol povrch rovnomerne syty a bez viditelnych defektov. Cely proces farbenia trval
priblizne 80 minut.

Obr. 3 Farbené vzorky PA12 pri a) 40-ndsobnom zvdcseni a b) 100-ndsobnom zvdcseni

Vysledky potvrdzuju, Ze zariadenie je schopné zabezpedit opakovatelny, kontrolovany a efektivny
proces farbenia bez ovplyvnenia mechanickych vlastnosti PA12. Vyskum tymto prispieva k
rozSireniu poznatkov o chemickej modifikacii povrchu 3D tlacdenych polymérov v sulade s
poziadavkami biomedicinskeho inZinierstva.

Zavereéna Cast navrhuje perspektivu vyuzZitia prirodnych farbiv ako ekologickej alternativy, s
dérazom na zachovanie farebnej stalosti, adhézie a biokompatibility. Do buduicnosti sa planuje
aj testovanie dlhodobej farebnej stability a adaptacia zariadenia na vacSie objemy alebo
automatizovanu prevadzku.
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3D tlaé, Polyamid 12, moridlo, povrchovd uprava PA12
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Abstract

Biomedical engineering and its advanced tools are playing an increasingly significant role
in ensuring the health, professional, and psychological fitness of tram drivers. In the realm
of health fitness, diagnostic equipment, such as modern imaging techniques (MRI, CT) and vital
sign monitoring sensors, are employed for the early detection of health issues that could
compromise driving safety. Specifically, more extensive screenings using MRI and CT scans
enable the detection of neurological conditions, such as brain tumors or vascular abnormalities,
that could lead to sudden loss of consciousness or impaired cognitive function. Sensors
monitoring vital signs, including ECG, EEG, and pulse oximetry, can detect cardiac arrhythmias,
changes in brain activity indicative of fatigue, or decreased blood oxygen levels, allowing for
timely intervention and the prevention of potential accidents [1].

In assessing professional fitness, simulators and virtual reality are used for training and testing
drivers in various driving scenarios, thereby improving their reaction time and decision-making
skills. Simulators, equipped with realistic controls and visual environments, allow drivers
to practice their responses to unexpected situations, such as sudden track obstructions, signal
failures, or pedestrian collisions. Virtual reality adds another dimension, allowing drivers
to experience real-world environments and simulate complex situations, such as driving
in adverse weather conditions or at night. These training methods help drivers refine their skills
and develop strategies for safe driving [2].

In the area of psychological fitness, neurofeedback and eye-tracking are utilized to identify and
address stress, fatigue, and other psychological factors that can affect drivers' attention and
reactions [2]. Neurofeedback, a technique that uses feedback on brain activity, enables drivers
to learn to regulate their brainwaves and reduce levels of stress and fatigue. Eye-tracking
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analyzes drivers' gaze patterns, revealing potential attention problems, such as excessive focus
on specific points or overlooking important information. This data is then used for personalized
training and interventions that help drivers improve their concentration and ability to react
quickly to changes in the traffic environment.

These biomedical engineering tools thus contribute to enhancing the safety of both passengers
and drivers through more precise diagnostic methods, more effective training, and
improvements in the psychological state of tram drivers. Ultimately, the integration of these
advanced technologies represents a significant step forward in transportation safety, enabling
a proactive approach to accident prevention and ensuring a safe and reliable public
transportation system [2; 3; 4]. The topic will be presented in further detail in a poster
presentation.
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biomedical engineering, diagnostics, safety, tram drivers
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Abstrakt

Cielom tejto Studie bolo vyvinut a charakterizovat biotladitelné hydrogélové systémy na baze
prirodnych polymérov s réznym objemovym pomerom algindtu a Zelatiny. Bolo pripravenych
devat experimentdlnych skupin (J1-J9), ktoré sa lisili obsahom algindtu (10-90 %). Vzorky boli
vyrobené pomocou 3D biotlace a stabilizované dvojstupfiovym zosietovanim kombinujicim
ionotropnu gelaciu a termdlnu geldciu Zelatiny. Mechanické vlastnosti Standardizovanych
skusobnych telies (,dogbone”, ISO 527-2, typ 5A) boli analyzované jednoosovou tahovou skuskou
na zariadeni Gel4ce Puller. Hodnotili sa pevnost v tahu, predizenie pri pretrhnuti, Youngov modul
a tvarova vernost (TSA). Vysledky ukézali, Ze zloZenie bioatramentu vyznamne ovplyviiuje
mechanické aj geometrické parametre. Stredné podiely algindtu (30-50 %) poskytli najlepsSiu
kombindciu pevnosti, elasticity a tvarovej stability (TSA A/B), zatial ¢o vysoky obsah alginatu
(> 70 %) sice zvySoval pevnost, ale spésoboval vyrazné zmr$tovanie a deformacie po zosietovani.
Zaznamenany bol aj fenomén artefaktu termindlneho napucania, ktory bol vyraznejsi pri nizkom
obsahu algindtu. Studia potvrdzuje, Ze precizna optimalizacia zlozenia, zosietovania a podmienok
biotlace je nevyhnutnd pri navrhu funkénych hydrogélovych leSeni pre aplikdcie v tkanivovom
inZinierstve Ci regenerativnej medicine.

Klucové slova
hydrogel, 3D biotlac, sietovanie, polymer, mechanické testovanie

1. Uvod

Algindtovo-Zelatinové hydrogély patria v sucasnosti medzi najcastejSie skimané biomaterialy [1]
v oblasti tkanivového inZinierstva [2], regenerativhej mediciny a farmaceutickych aplikacii [3].
Ich popularita vyplyva z vynimocnej schopnosti viazat velké mnoZstvo vody [2], ¢im vytvarajud
méakké, vysoko hydratované a flexibilné 3D Struktlry, ktoré napodobnuju extracelularnu matricu
(ECM) [4]. Tym poskytuju priaznivé mikroprostredie podporujuce adhéziu, proliferaciu a
diferenciaciu buniek [6], ¢o ich predurcuje na vyuZitie pri vyvoji bioaktivnych leSeni a nosic¢ovych
systémov.

Kombinacia alginatu a Zelatiny prinasa vyrazny synergicky efekt z hfadiska chemického zloZenia
[6], mikroStruktidry [7] aj biomedicinskej funkcénosti [8]. Ide o unikdatnu zmes prirodnych
polymérov s vysokou biokompatibilitou [9, 10], vhodnou mechanickou stabilitou [3, 10] a
biologickou aktivitou [11-13]. Napriek rozsiahlemu vyskumu vSak mechanické vlastnosti 3D
biotlatenych hydrogélov s réznymi pomermi zloZiek a réznym stuprfiom sietovania zostavaju
nedostatoéne preskimané. Tato poznatkovd medzera je vyznamnd najma pri vyrobe
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viacvrstvovych konstruktov, kde mechanické parametre zdsadne ovplyviiuji tvarovd vernost,
$trukturdlnu stabilitu a vhodnost pre bunkovu kultivéciu.

Alginadt sodny, ziskavany z hnedych morskych rias [4], je anidnovy polysacharid tvoreny
opakujucimi sa jednotkami kyseliny mannurdénovej a gulurénovej. Je zndmy svojou schopnostou
vytvarat stabilné hydrogély prostrednictvom ionotropnej geladcie v pritomnosti dvojmocnych
kationov, najm& Ca?* [14, 15]. Napriek jeho nizkej bunkovej afinitete [16] a slabej adhézii k
tkanivu [17, 18], disponuje vhodnymi reologickymi vlastnostami a vysokou stabilitou vo vlhkom
prostredi, ¢o z neho robi atraktivnu zlozku pre tvorbu bioatramentov.

Zelatina, denaturovana forma kolagénu, dokaZe napodobnit $truktiru extraceluldrnej matrice a
podporuje adhéziu aj proliferdciu buniek [6, 7], ¢o je zdsadné pre aplikdacie v tkanivovom
inZinierstve. RozliSujeme Zelatinu typu A (kysla hydrolyza, pl = 7,0-9,0) a typu B (alkalicka
hydrolyza, pl = 4,8-5,2), pricom rozdiely v chemickych vlastnostiach a elektrostatickom spravani
ovplyvAuju ich interakcie s inymi biopolymérmi, ako je napriklad alginat [18]. Zelatina typu A sa
Casto vyuziva v biotlaci pre svoju vy$siu schopnost gelacie, lepSie viskdzne vlastnosti pri telesnej
teplote [19] a priaznivid kompatibilitu s bunkami. Oba typy obsahuju RGD sekvencie, ktoré
podporuju bunkovu adhéziu a Siroko sa vyuZivaju pri tvorbe bioatramentov a hydrogélovych
leSeni [20, 21].

Kombinacia Zelatiny typu A s vysokou Bloomovou hodnotou a algindtu sodného umoznuje
navrhovat hydrogélové systémy s laditelnymi mechanickymi a reologickymi vlastnostami [2, 26,
27]. Takéto systémy su obzvlast perspektivne pre vyvoj leSeni makkych tkaniv [28], pokrocilych
obvdzov ¢i 3D biotlace komplexnych Struktar [28, 29].

Cielom tejto $tudie je pripravit a mechanicky charakterizovat sériu hydrogélovych formulacii J1-
J9 s rozdielnymi objemovymi pomermi algindtu a Zelatiny. Hydrogély boli podrobené jednoosovej
tahovej skiske s cielom identifikovat optimdalne zloZenie z hladiska pevnosti v tahu, elasticity a
spracovatelnosti pre potencidlne aplikacie v tkanivovom inZinierstve.

Vyskumna hypotéza predpokladd, Ze zmena pomeru Zelatiny a algindtu vyznamne ovplyvni
mechanické vlastnosti hydrogélov: vy$si podiel Zelatiny zlepsi flexibilitu a spracovatelnost, zatial
¢o vys$si podiel algindtu prispeje k zvySenej pevnosti v tahu.

2. Material a metodika

Pre pripravu biotlacitelnych hydrogelovych bioatramentov boli pouZité dva biologicky
kompatibilné polyméry: sodnd sol algindtu (2 99 % Cistota, Sigma-Aldrich, Nemecko) a Zelatina
typu A s vysokou Bloomovou hodnotou (300 Bloom, Sigma-Aldrich, Nemecko). Obe zlozky boli
rozpustené v sterilnom fyziologickom roztoku (0,9 % NaCl). lontropné zosietovanie bolo
realizované pomocou chloridu vapenatého (CaCl,) (2 99 %, Sigma-Aldrich, Nemecko).

Bolo pripravenych devat experimentdlnych skupin hydrogélov (J1-J9) s rozdielnym objemovym
podielom alginatu (10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 % a 90 %). Celkova
koncentracia polymérov bola udrZiavand konStantnd pri 16,6 % w/v. Bioatramenty boli
pripravené aseptickym mieSanim jednotlivych zloZiek pri teplote 45 °C az do duplného
rozpustenia, pricom sa zabezpecila ich homogenita pomocou magnetickej miesacky.

Hydrogélové konstrukty boli vyrobené pomocou 3D biotlacdiarne Regemat3D REG4LIVE (Regemat,
Spanielsko) pomocou sterilnych 3 ml kartudi a kuZelovitych plastovych trysiek (22G, @ =
0,41 mm). Na tla¢ sa pouZil Standardizovany STL model skiSobného telesa typu dogbone (ISO
527-2, typ 5A). Tla¢ prebiehala pri laboratdrnej teplote 22 °C, s rychlostou extrizie 2 mm/s a
teplotou tlacovej hlavy 45 °C a chladenou podloZzkou (15°C), ktorda bola experimentdlne
stanovenda pomocou nasho algoritmu pre zavddzanie novych bioatramentov [26]. Pricom sa
nanieslo pat vrstiev materidlu na kazdu vzorku. Parametre biotlace (rychlost extruzie, tlak, vyska
vrstvy) boli optimalizované s cielom dosiahnut konzistentnd kvalitu konStruktov napriec
vSetkymi skupinami.
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Po dokonéeni tlace boli vzorky podrobené dvojstupfiovému sietovaniu. V prvom kroku boli vzorky
rychlo stabilizované fyzikdlnym ochladenim na podloZke (15°C), ¢o umoZnilo zachovanie presnej
geometrie pocas nasledného chemického procesu. V druhom kroku bola aplikovand ionotropna
geldcia ponorenim vzoriek do kupela chloridu vdpenatého pocas piatich minut, ¢im doslo k
zosietovaniu alginatovej zlozky a zvySeniu Strukturdlnej stability vysledného hydrogélu. Toto
zosietovanie prebehlo ionotropne ponorenim do roztoku CaCl, (100 mM) pocas pat minut, ¢im
sa stabilizovali alginatové retazce. Po sietovani boli vzorky ¢iasto¢ne dehydratované na vzduchu
pri teplote 22 °C a relativnej vlhkosti nad 65 %, aby sa eliminovala prebyto¢nd voda a
stabilizovala kone¢na mechanickd odozva materidlu. Tym sa dosiahla kombinacia mechanickej
stability a udrZzania biologickej aktivity hydrogélov.

Mechanické charakteristiky boli vyhodnocované pomocou jednoosovej tahovej skusky na
experimentdlnej zostave Geldce puller (Technickd univerzita v KoSiciach, Slovensko), ktora bola
vyvinuta Specidlne na testovanie makkych biomateridlov. Testovacie zariadenie pozostava z
krokového motora s rozliSenim 0,1 mm, snimaca sily s rozsahom 1000 g a riadiacej jednotky
Arduino UNO. Pred zaciatkom experimentov bola zostava kalibrovand pomocou referenénych
zavazi a overend podla postupov uvedenych v norme ASTM D638 (Standard Test Method for
Tensile Properties of Plastics), upravenej pre hydrogélové materialy. Zvolend geometria vzoriek
zodpovedala odporic¢aniam normy ISO 527-2 a vysledky boli porovnané s validacnymi datami
publikovanymi v predchddzajucich $tudiach, ¢im sa potvrdila presnost a opakovatelnost merani.

42H48H1704A2

% TB6600 J
L

Arduino UNO
with screw shield

sl -

B) IY!! : : ]oys‘li(k“
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Obrazok 1: A) Geldce trhacka; B) Ukazka uchytenia-vzorky; C) Ukazka zapojenia

Vzorky boli upnuté medzi Specidlne navrhnuté svorky eliminujdce lokdlne posSkodenie a
zatazované konstantnou rychlostou 1 mm/s aZz do ich Uplného pretrhnutia. Poc¢as skusky boli
kontinudlne zaznamendvané priebehy zatazenia a deformécie, priéom surové data boli
spracované v prostredi MATLAB. Na zdaklade tychto dat boli stanovené klucové parametre
charakterizujice mechanické spravanie hydrogélov, vratane Youngovho modulu pruZznosti (E) ako
ukazovatela tuhosti materidalu, maximdalnej pevnosti v tahu (omax) definovanej ako najvyssie
dosiahnuté napitie pred porusenim, prediZenia pri pretrhnuti (%) ako miery schopnosti
materidlu plasticky sa deformovat.

Tvarova vernost vzoriek bola hodnotena prostrednictvom parametra Total Shape Accuracy (TSA),
definovaného ako pomer medzi redlnymi rozmermi vzorky po zosietovani a idedlnymi rozmermi
CAD modelu. Hodnotenie prebiehalo vizualne aj kvantitativne, pricom sa pouzivala patstupriova
Skala:

e TSA A (95-100 %) — ziadne viditelné deformacie,

e TSA B (85-95 %) — minimalne deformicie,
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e TSAC(70-85 %) — mierne zmeny tvaru,
e TSA D (50-70 %) — vyrazné deformacie,
e TSAE (<50 %) — tazkd deformacia vzorky.

Zaroven bol pri niektorych skupinidch pozorovany jav oznadeny ako artefakt termindlneho
napucania, ktory sposoboval lokdlne zvdcSenie priemeru skuSobnych telies v oblasti uchopov.
Tento fenomén bol dokumentovany a zahrnuty do hodnotenia TSA.

Vsetky experimentalne merania boli vykonané minimalne na n = 8 vzorkach pre kazdu skupinu.
Normalita rozdelenia bola overena Shapiro—Wilkovym testom a homogenita variancii Leveneho
testom. Kedie data spiiali predpoklady parametrickych testov, na porovnanie skupin bola
pouZitd jednofaktorova analyza rozptylu (ANOVA) s naslednym posthoc testom Tukey HSD.
Hladina Statistickej vyznamnosti bola nastavend na a = 0,05. Okrem p hodnét boli vypocitané aj
efekty velkosti (n2) pre posudenie podielu variability vysvetlenej faktorom zloZenia.

3. Vysledky
Mechanické vlastnosti biotlacenych alginatovo-Zelatinovych konStruktov boli hodnotené
pomocou jednoosovej tahovej skusky na Standardizovanych vzorkach tvaru ,dogbone” podla
normy 1SO 5272, typ 5A. Hodnotené parametre zahfnali maximalnu pevnost v tahu (omax),
prediZenie pri pretrhnuti (¢) a Youngov modul pruznosti (E). Sihrnné vysledky vratane priemerov
a Standardnych odchylok su uvedené v tabulke 1.

Vysledky ukazali, Ze podiel algindtu v bioatramente vyznamne ovplyviiuje mechanické spravanie
hydrogélov. Pri nizkych koncentracidch alginatu (skupiny J1-J2; 10-20 %) boli namerané
najnizSie hodnoty omax (0,08-0,11 MPa) aj EEE (0,20-0,27 MPa), pricom vzorky vykazovali
najvy$siu tvarovu vernost (TSA > 95 %) a minimélne deformdcie po zosietovani.

Tabulka 1: Priemerné mechanické vlastnosti biotla¢enych hydrogélov J1-J9. Hodnoty si uvedené ako priemer + SD

SkupinalPodiel alginatu [%]|Pevnost v tahu omax [MPa]Predizenie € [%]Youngov modul E [MPa]
J1 10 0.087 £ 0.013 42.23+3.24 0.208 + 0.036
J2 20 0.106 + 0.008 40.10 + 2.75 0.267 + 0.035
3 30 0.139+0.011 38.18 + 2.69 0.365 + 0.035
Ja 40 0.171 +£0.018 38.18 £1.87 0.451 + 0.060
J5 50 0.179 £ 0.016 35.05 + 3.05 0.510 + 0.069
J6 60 0.174 +£0.014 32.75+2.16 0.533 £ 0.067
J7 70 0.141 £ 0.011 31.31+3.06 0.459 + 0.081
J8 80 0.114 + 0.007 28.93 +2.04 0.405 + 0.033
J9 90 0.090 + 0.011 27.10+2.08 0.332 +0.038

Pri strednych
zlepSili:

koncentraciach alginatu

(J3-J5; 30-50 %)

sa mechanické vlastnosti vyrazne

e maximalna pevnost v tahu dosiahla hodnoty 04.x=0,14-0,18 MPa,

e Youngov modul pruznosti vzrastol na E=0,36-0,51 MPa,

e hodnoty TSA ostali relativne vysoké (=85-92 %).

Tieto vysledky poukazuju na to, Ze rozsah 30-50 % podielu alginatu predstavuje optimalne okno
mechanickych vlastnosti, v ktorom je dosiahnuty kompromis medzi pevnostou, elasticitou a
geometrickou presnostou (pozri obr. 2).

Pri vys$sSich podieloch alginatu (J7-J9; 70-90 %) sa pozoroval pokles pevnosti v tahu
(O0max=0,09-0,14 MPa) a Youngovho modulu (E=0,18-0,26 MPa), pricom TSA vyrazne klesla pod
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70 %. Tento trend suvisi so zvySenym zmr$tovanim po ionotropnom zosietovani, typickym pre
materidly s vysSim obsahom alginatu.

Sumarizaény graf (Obr. 2) zobrazuje komplexny graf, kde stipcové hodnoty predstavujui pevnost
v tahu (omax) @ Youngov modul pruznosti (E), zatial ¢o ¢ervena krivka zndzornuje tvarovu vernost
(TSA) hydrogélov v zavislosti od podielu alginatu (%).
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Obrazok 2: Sumarizacia rozloZenia hodndt omax, E a TSA pre devit experimentalnych skupin (J1-J9)

Tvarova vernost biotlacenych konstruktov bola hodnotend parametrom Total Shape Accuracy
(TSA), ktory vyjadruje pomer medzi skutoénymi a navrhnutymi rozmermi vzoriek po zosietovani.
Vysledky ukazuju silnG zavislost TSA od podielu alginatu:

pri nizkom obsahu alginatu (J1, J2) boli zaznamenané najvyssie hodnoty TSA (95-98 %),
v optimdlnom rozmedzi algindtu (J3-J5) TSA klesla len mierne (=85-92 %),

pri vysokom obsahu alginatu (J8, J9) dosSlo k vyraznému poklesu TSA (=60-70 %), Co
naznacuje vyznamné deformadcie vzoriek po sietovani.

Kvalitativne hodnotenie tvarovej presnosti a klasifikdcia vzoriek do prislusnych tried podla
stupnice TSA sU znazornené na obr. 3. Obrazok dokumentuje porovnanie medzi konStruktmi s
vysokou geometrickou stabilitou a vzorkami vykazujucimi vyrazné deformacie.

V niektorych vzorkach s vyssim podielom algindtu bol pozorovany Specificky fenomén oznaceny
ako artefakt terminalneho napucania, ktory sposoboval lokadlne zvdéSenie priemeru skusobnych
telies na koncoch a mohol prispiet k poklesu celkovej tvarovej vernosti.

58



Referencny I
CAD model Biotlacena vzorka

=0 o=

TSA295% vyborna vernost
85-95 % dobra vernost
75-85% prijatel'né vernost

nizka vernost’

Obrazok 3: 3D biotlaé hydrogélovych vzoriek oznaéenych J. A) Zosietovana; hydrogélova vzorka J2; B) Zosietovana
hydrogélova vzorka J9; C) Nezosietovana vzorka J9 (ihned' po tlaéi); D) dogbone vytlaéena z PLA materialu;
Hodnotenie tvarovej vernosti vzoriek

Pred aplikdciou Statistickych testov bola overena normalita rozdelenia dat (Shapiro—Wilk test) a
homogenita rozptylov (Leveneho test). Parametre omax a E spifiali predpoklady pre parametricku
analyzu rozptylu (ANOVA), zatial ¢o hodnoty TSA boli analyzované pomocou neparametrického
Kruskal-Wallisovho testu. Vysledky potvrdili vyznamny vplyv zloZzenia bioatramentu na vsSetky
skimané parametre:

® oOnmax: F(8,81)=48,72, p<0,0001, n,=0,83,
e E:F(8,81)=56,13, p<0,0001, n,=0,86,
e TSA: H(8)=52,14, p<0,0001.

Posthoc analyza (Tukey HSD, a = 0,05) ukazala, Ze skupiny J3-J5 tvoria homogénnu podskupinu s
optimalnymi vlastnostami, zatial ¢o skupiny J1-J2 a J8-J9 sa od nej Statisticky vyznamne liSia
(p < 0,001).

Sumarizacény graf (obr. 3) integruje hodnoty pevnosti v tahu (omax), Youngovho modulu pruznosti
(E) a tvarovej vernosti (TSA) pre vSetky skimané formulacie. Je z neho zrejmé, Ze rozsah 30-50 %
alginatu predstavuje optimdlne okno mechanickych vlastnosti, ktoré poskytuje najlepsi
kompromis medzi poziadavkami na pevnost, elasticitu a geometrickud stabilitu kon3truktov.

4. Diskusia

Tadto Studia sa zamerala na vyvoj a mechanickd charakterizaciu biotlacditelnych alginatovo-
Zelatinovych hydrogélov so zameranim na optimalizdciu ich zloZenia a spracovatelskych
vlastnosti. Ziskané vysledky potvrdili, Ze pomer algindtu a Zelatiny zdsadne ovplyviuje
mechanické spravanie, tvarovu vernost a potencidlnu vyuZitelnost materidlov v biomedicinskych
aplikaciach.

Analyza vysledkov ukazala, Ze nizky obsah alginatu (10-20 %, skupiny J1-J2) vedie k nizkej
pevnosti v tahu (0max=0,08-0,11 MPa) a nizkemu Youngovmu modulu pruznosti
(E=0,20-0,27 MPa), ¢o koreluje s vysokym podielom Zelatiny v zmesi. Tento jav mozZno pripisat
termolabilnej a menej sietovanej Struktdre Zelatiny, ktora sice podporuje bunkovi adhéziu a
proliferaciu [1, 2], no zdroven neposkytuje dostatocnu mechanicku oporu [3].

Naopak, pri strednych koncentraciach algindtu (30-50 %, skupiny J3-J5) doSlo k vyraznému
zvySeniu pevnosti aj tuhosti konsStruktov (omax=0,14-0,18 MPa; E=0,36-0,51 MPa), pricom
tvarova vernost zostala vysoka (TSA=85-92 %). Tieto hodnoty su plne porovnatelné s vysledkami
uvddzanymi v literature pre podobné systémy alginat-zelatina [4, 5], o potvrdzuje, Ze prave
tento interval predstavuje optimalne okno mechanickych vlastnosti (pozri obr. 3).

Pri vysokych koncentrdcidch algindtu (70-90 %, skupiny J8-J9) sa zaznamenal pokles
Omax(=0,09-0,14 MPa) a vyznamné znizenie tvarovej presnosti (TSA<70 %). Tento pokles je
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pravdepodobne désledkom vyrazného post-sietovacieho zmr$tovania, ktoré je typické pre
hydrogély s vysokou hustotou ionotropného zosietovania [6, 7].

Vyznamnou c¢astou tejto Studie bolo hodnotenie tvarovej vernosti konstruktov. Najvyssie
hodnoty TSA boli dosiahnuté pri nizkom a strednom obsahu alginatu, zatial co vysSie
koncentracie viedli k deformaciam a zmrstovaniu vzoriek. Tento trend je vizudlne
zdokumentovany na obr. 2, kde je zobrazené porovnanie konsStruktov s vysokou a nizkou
geometrickou stabilitou.

Okrem toho bol pri vzorkach s vyssSim obsahom alginatu pozorovany jav oznaceny ako artefakt
termindlneho napucania, ktory spdsoboval lokadlne zvdcsenie priemeru skusobnych telies na ich
koncoch. Tento efekt pravdepodobne suvisi s nerovhomernou distribldciou iéonov Ca2* pocas
procesu ionotropného zosietovania a mbze ovplyviiovat meranie mechanickych vlastnosti aj TSA.
Podobny fenomén bol opisany aj inymi autormi [8, 9], ¢o potvrdzuje, Ze ide o vSeobecny problém
pri 3D biotlaci algindtovych hydrogélov.

Vysledky tejto Studie su konzistentné s predchddzajucimi pracami [4, 5, 10], ktoré poukazuju na
potrebu kompromisu medzi mechanickou pevnostou a biologickou funkénostou hydrogélov.
Zatial ¢o vyS$Si podiel Zelatiny poskytuje lepSie podmienky pre rast buniek, zniZuje stabilitu
konstruktu, a naopak, vysoky podiel algindtu zvySuje tuhost, ale zniZuje tvarovu vernost a mdzZe
viest k neZiaducim deformécidm.

Ndjdené optimalne okno mechanickych vlastnosti v rozsahu 30-50 % alginatu je vyznamné pre
vyvoj biotladitelnych leSeni makkych tkaniv a moéZe byt vyuZité aj pri ndavrhu systémov pre
kontrolované uvolfiovanie lieCiv alebo bioaktivnych povlakov implantatov.

Hoci Studia poskytuje detailnd mechanicku charakterizaciu skimanych hydrogélov, je potrebné
zohladnit niekolko obmedzeni:

e vysledky sa vztahuju na vzorky testované in vitro a mézu sa lisit v in vivo prostredi,

e tvarova vernost bola hodnotend iba geometrickym porovnanim, bez doplnkovej mikro-CT
analyzy,

e nebola skimana dlhodoba stabilita konsStruktov ani ich biologickda odpoved v kontakte s
bunkami.

Budlce préce by mali zahfriat viaclroviiové modelovanie mechanického spravania hydrogélov,
kombindciu reologickych testov a in vivo validacie, ¢o umoini komplexnejsi ndvrh funkénych
biotlacitelnych leSeni.

5. Zaver

Tato Studia ukdazala, Ze pomer algindtu a Zelatiny vyrazne ovplyviiuje mechanické vlastnosti,
tvarovl vernost a spracovatelnost biotladitelnych hydrogélov. Optiméalne vysledky boli
dosiahnuté pri strednych podieloch algindtu (30-50 %), kde vzorky vykazovali najlepSsiu
kombindciu pevnosti v tahu, Youngovho modulu a geometrickej stability. Naopak, vysoky obsah
algindtu (> 70 %) viedol k zniZeniu tvarovej vernosti a zvySenej nachylnosti k deformdacidam. Tieto
zistenia potvrdzuju potrebu preciznej optimalizacie zloZenia a vyrobného postupu pri navrhu
bioatramentov pre aplikacie v tkanivovom inZinierstve a biofabrikacii.
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Abstrakt

Sleep deprivation negatively affects several cognitive functions, including vigilance, attention,
memory, and emotional regulation, creating a substantial risk for individuals who frequently
experience insufficient sleep. In particular, prolonged wakefulness can lead to deficits in both
mood and cognitive performance, which can impair daily functioning. Bright light exposure has
been suggested as a promising non-pharmacological intervention to mitigate these negative
effects. In this study, we quantitatively assessed the effects of acute intense light exposure
following sleep deprivation on EEG biomarkers, specifically focusing on spectral power changes.
Our results demonstrated that a single session of bright light exposure led to significant
modulation of EEG spectral power, particularly in frequencies associated with alertness and
cognitive processing. These findings highlight the potential of bright light as a neuromodulatory
intervention that could enhance cognitive function and improve mood states following sleep
deprivation. Moreover, our results suggest that bright light could serve as an effective strategy
for counteracting the deleterious effects of insufficient sleep, with potential applications in
occupational settings and clinical populations affected by sleep disturbances.
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Abstrakt

Ospalost za volantom a nahle zdravotné problémy patria medzi vyznamné faktory
prispievajuce k dopravnym nehoddm, ¢o zdo6raznuje kritickd potrebu nepretriitého a
neinvazivneho monitorovania vodi¢a. Tento prispevok predstavuje navrh a vyvoj
inovativneho prototypu volantu s pokrocilymi monitorovacimi schopnostami, uré¢eného
na zvysSenie bezpedénosti vodi¢a a zmiernenie rizik spojenych s ospalostou pocas jazdy.
Prototyp integruje fyziologické senzory, vratane elektrokardiografu (ECG) a
fotopletyzmografu (PPG), spolu s kinematickymi metrikami, ¢o umoZfuje ziskavanie
multimoddlnych ddajov v redlnom Case pocas jazdy v Specidlnom elektrickom vyskumnom
vozidle s nazvom EDISON. Laboratdrne experimenty aj testy v redlnej premavke
preukazali, Ze prototyp UspeSne zaznamendval vysokokvalitné signdly ECG a PPG vhodné
na spolahlivd analyzu srdcovej frekvencie a jej variability. Testovanie na ceste potvrdilo
operaént funkénost systému; napriek zvySenému 3Sumu spOsobenému pohybovymi
artefaktmi zostal signdl ECG dostato&ne robustny na nepretriité detegovanie R-vin.
Testovanie demonstrovalo funkénost a presnost prototypu pri merani multimodalnych
Udajov, ¢im poskytuje spolahlivd platformu na hodnotenie jazdnej dynamiky a
fyziologickych signdlov vodic¢a. Vyvinuty prototyp otvdra cestu pre buduce pokroky v
systémoch monitorovania vodicov, ktoré mozu integrovat umell inteligenciu a strojové
ucenie na analyzu Unavy a zdravotného stavu vodic¢a v redlnom case.

Klacové slova

monitorovanie vodica, ospalost, elektrokardiografia, fotopletyzmografia, volant

Podakovanie
Tento vyskum bol podporeny Agenturou na podporu vyskumu a vyvoja (grant ¢. APVV-22-0423).

Referencie

[1] BABUSIAK, Branko; HAJDUCIK, Adrian; MEDVECKY, Stefan; LUKAC, Michal a KLARAK, Jaromir. Design of Smart Steering Wheel for Uno btrusive
Health and Drowsiness Monitoring. Online. Sensors. 2021, vol. 21, no. 16, s. 5285. ISSN 1424-8220. Dostupné z:
https://doi.org/10.3390/s21165285. [cit. 2025-08-25].

[2] JOANA M. WARNECKE; LASENBY, Joan a THOMAS M. DESERNO. Robust in-vehicle heartbeat detection using multimodal signal fusion. Online.
Scientific Reports. 2023, vol. 13, no. 1. ISSN 2045-2322. Dostupné z: https://doi.org/10.1038/s41598-023-47484-z. [cit. 2025-08-25].

64


https://doi.org/10.3390/s21165285
https://doi.org/10.1038/s41598-023-47484-z

IMPEDANCNO-FREKVENCNE CHARAKTERISTIKY POVRCHOVYCH
SUCHYCH EEG ELEKTROD S POUZITIM AGAROVEHO FANTOMU

Lubomir Trpi$, Maro$ Smondrk, Branko Babusiak

Katedra teoreticke] elektrotechniky a biomedicinskeho inZinierstva

Fakulta elektrotechniky a informaénych technolégii, Zilinska univerzita v Ziline

Abstrakt

Kldéom k spolahlivému snimaniu biosignalov je sprdavna vodivost na prechode medzi
elektrédou a koZou. Tato Studia je venovand problematike kontaktnej impedancie pri
suchych EEG elektréodach. Na merania boli pouZité dve Specidlne elektrédy zo zlatej
zliatiny a jedna elektréda z vodivého polyméru od spolocnosti g.tec medical engineering
GmbH (Rakusko). Ako referencny Standard bola na porovnanie pouZitd mokrd adhézna
Ag/AgCl elektréda. Bol vytvoreny umely model rozhrania elektré6da—koza, ktory zabezpedil
opakovatelnost a stabilné meracie podmienky. Velkost a faza elektrickej impedancie sa
urcovali v rozsahu frekvencii od 0,5 Hz do 1100 Hz s pouzitim harmonického generatora
so signdlom o amplitiude 5 V. Namerané impedancno-frekvencné charakteristiky potvrdili,
Zze suché elektrédy vykazovali zretelné rezistivho-kapacitné spravanie, ktoré moze byt
limitujucim faktorom pri merani biosignalov s vysSou frekvenciou (napr. EEG). Vysledky
zaroven preukdazali, Ze impedancia elektrdd zo zlatej zliatiny bola vo vadcésine frekvencii
porovnatelnd s hodnotami mokrej adhéznej Ag/AgCl elektrédy. Navrhnutd meracia
metodika je opakovatelfnd a umoZni v budicnosti porovnavanie réznych typov elektrdd.
Klacové slova
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Abstrakt

Photogrammetry is a method of digitizing objects often used in cartography, archaeology,
architecture, and other fields where, in addition to the shape of the object, information about
its surface is also important.

This paper focuses on the use of photogrammetry in digitizing technical objects with various
surface textures, which influence the scanning and reconstruction of the object’s surface. For
scanning, the Walk-Around Method and the Turntable Method were tested. The selected
dimensions and deviations were evaluated in the software GOM Inspect 2019 and VGStudio MAX
and compared with measurements taken using a digital caliper. On the created models, the
texture of the object is visible, producing a pronounced relief on the surface and thus affecting
the creation of planes for measurement. This influence is confirmed by the flatness deviation of
selected elements, which is less than 0.2 mm. The results show that the Turntable Method is
methodologically simpler to implement, while the Walk-Around Method shows an average
deviation from the actual dimensions of -0.211 mm, and the Turntable Method 0.022 mm.
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Abstrakt

The ASSR experiments are EEG or MEG experiments eliciting a periodic response to auditory
stimulation. This study is focused on the click train stimulation with a repetition frequency of
40 Hz, which is widely used in neuroscientific ASSR experiments with human subjects. Our
previous original study discovered the potential existence of stimulus transduction artifacts
(stimulus artifacts) during this experiment design. A stimulus artifact is a technical artifact
originating from the headphones. The frequency characteristics of stimulus artifacts are similar
to the ASSR response frequency characteristics. For this reason, it is very complicated to
separate stimulus artifacts from the ASSR response. The main goal of this study is to investigate
the possible risks during neuroscientific ASSR experiments and to focus on the stimulus artifact.
We designed two types of experiments with hdEEG. The first experiment type used a human head
phantom. So, the non-existing brain response couldn't be confused with the stimulus artifact,
and we could investigate the stimulus artifact's existence and potential characteristics. The
records from 15 human subjects were analyzed in the second type of experiment. Every subject
underwent click train stimulation by headphones and speakers with the same stimulation
settings right after each other. We investigated potential risks in ASSR experiments with click
train stimuli. Risks arise by analyzing the higher harmonic frequency of 40 Hz, stimulation by
speakers, and the existence of stimulus artifacts. The results show the potential risk of analyzing
a higher harmonic frequency of 40 Hz caused by a low signal-to-noise ratio and higher ITPC of
stimulus artifact. The experiments with speaker stimulation can induce ASSR response, but the
signal-to-noise ratio is highly sensitive to the experimental design. Stimulus artifact existence
or intensity is variable. The headphone cable can originate the stimulus artifact. We also found
some noise with characteristics typical for stimulus artifacts in experiment design verifying the
headphone transducer as an artifact source. We didn't prove stimulus artifacts' influence in ITPC
of 40 Hz in experiments with human subjects after average re-referencing. However, we
discovered some noise with stimulus artifact properties in these records. Based on our results
from the human head phantom, the average re-reference can highlight stimulus artifacts in case
of stimulus artifacts with high intensity and focal spatial distribution. For this reason, we
recommend checking some analyses, like topographic analysis, before applying average re-
referencing. This process can protect authors before the false positive results.
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Abstrakt

Presné stanovenie rozsahu popdlenin je klicovym faktorom pri planovani liecby pacienta,
rozhodovani o chirurgickom zdkroku, nastaveni fluidnej terapie a dlhodobej rekonvalescencii.
[1,2] Tradi¢né klinické metddy, ako napriklad ,pravidlo deviatok” alebo Lund-Browderov
diagram, su v praxi stale Siroko pouZivané, ale ich presnost je obmedzena, pretoZe sU zaloZené
na vizualnom hodnoteni a sU ndchylné na subjektivnu variabilitu medzi posudzovatelmi. [2,3]
Studie ukazuju, 7e variabilita vodhadoch TBSA medzi skimanymi nemocnicami bola aZ 8,8 % [6],
zatial ¢o odhad plochy popalenin prostrednictvom modernych 3D skenovacich technoldgii bol
zisteny s priemernou chybou 1,9 %. [7] 3D skenovanie ziskava v su€asnosti na popularite, pretoze
dokédZe presne, objektivhe a reprodukovatelne merat povrch popdalenia [4-8]. Okrem zlepSenia
presnosti dokaze efektivnejSie zdokumentovat proces hojenia a podporit vyuZitie telemediciny
[9-13].

Tato Studia sa zameriava na porovnanie presnosti merania povrchovej plochy popéalenin medzi
referencnym zariadenim Artec Eva (profesiondlny skener zaloZzeny na Struktdrovanom svetle s
vysokym rozliSenim a submilimetrovou presnostou) a nov$im, cenovo dostupnejsim zariadenim
Revopoint Miraco, ktoré je prenosné, kompaktné. [5,11] Do vyskumu bolo zaradenych 11
pacientov s klinicky viditefnymi hranicami popalenin rézneho rozsahu a stupna. Celkovo bolo
analyzovanych 26 anatomickych oblasti, zahfiajucich horné a dolné koncatiny, hrudnik, tvar a
krk. Skenovanie prebiehalo v kontrolovanych svetelnych podmienkach, pricom pacienti boli
polohovani tak, aby bola dosiahnuta ¢o najlep$ia viditelnost postihnutych oblasti.

Ziskané data boli exportované vo formate .obj a spracované v softvéri Meshmixer (Autodesk).
Pre zabezpecenie jednotného postupu, segmentdciu vykondvala jedna osoba. Z popaleninovych
oblasti boli vytvorené samostatné 3D modely, na zdklade ktorych sa vypocitala plocha poranenia
v mm2, Nasledne boli vysledky vyhodnotené porovnanim absolutnych rozdielov, relativnych
percentudlnych rozdielov a prostrednictvom linedrnej regresnej analyzy.

Emid

Obr. 1. Segmentacia a vypocet velkosti plochy popaleniny
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Vysledky Studie ukazali vysokd mieru zhody medzi meraniami. Priemerna absolitna odchylka
predstavovala 660,5 mm? a priemerny relativhy rozdiel bol 4,1 %. Vo vicSine pripadov sa
odchylky pohybovali pod hranicou 5 %, ¢o je v klinickej praxi akceptovatelna Uroven presnosti.
Najvacsi rozdiel, 16,3 %, bol zaznamenany pri merani pravej hornej koncatiny pacienta, ¢o suvisi
s komplikovanou topografiou povrchu koncatiny. NajnizSia odchylka, len 0,02 %, bola dosiahnuta
pri merani hrudnika nakolko ide o topograficky jednoduchs$iu oblast. Linedrna regresna analyza
potvrdila velmi dobrd koreldciu medzi meraniami ziskanymi oboma zariadeniami s koeficientom
determindcie R2=0,99. Okrem presnosti merani, $tddia hodnotila aj praktické aspekty pouZivania
zariadeni v klinickej praxi a vizualne porovnanie odobratych 3D modelov s fotografiou.

Autori $tudie dospeli k zaveru, Ze Revopoint Miraco dokaze poskytnut spolahlivé a klinicky
pouzitelné merania povrchovej plochy popéalenin. Napriek mensim odchylkam je presnost merani
dostato¢nd na vyuZitie v praxi a zariadenie predstavuje vhodnl alternativu k drahsim
profesiondalnym rieSeniam.
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3D skenovanie, popdleninové rany, meranie povrchu, Artec Eva, Revopoint Miraco
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Abstrakt

The aim of this work was to design and experimentally verify the application of artificial
intelligence algorithms for defect classification in biocompatible materials. Two neural network
architectures were examined: a multilayer perceptron (MLP) for processing numerical signal
parameters, and a convolutional neural network (CNN) for -evaluating image-based
representations derived from topological maps. The performance of the models was compared
in terms of classification accuracy and computational efficiency.

The results demonstrated that both architectures were capable of effectively classifying defects
according to predefined categories. The MLP exhibited high processing speed, low computational
requirements, and simpler implementation, while the CNN achieved higher accuracy, particularly
for classes that were more difficult to distinguish. Among the tested models, the ResNet-50
architecture achieved the best results, showing high accuracy and stability.

A limiting factor was the dataset size, which included only three defect types and a fixed number
of measurement points. Expanding the dataset to include additional defect types, varying
geometries, and different spatial distributions could enable a more thorough assessment of the
models’ capabilities. The findings confirm that the set objectives were successfully met and
provide a basis for further research on the application of artificial intelligence for defect analysis
in biocompatible materials.

Key words
artificial intelligence algorithms, multilayer perceptron, convolutional neural network, defect

classification, biocompatible materials, SFECT
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Abstract

For the purpose of this work, the distal ligamentous connection between the bones of the lower
leg, the tibia and fibula — the syndesmosis (syndesmosis tibiofibularis) — was chosen. This is a
common injury that currently requires two surgical procedures: implantation followed by the
removal of the osteosynthesis after six weeks. This is the main cause of frequent complications.
If the proposed resorbable screw is used, the need for surgical removal of the osteosynthetic
material is eliminated, along with the associated risks for the patient. Biodegradable implants
based on magnesium offer undeniable advantages in terms of reducing surgical load, minimizing
complications, and, not least, reducing the financial burden on the healthcare system.

Polymeric biomaterials are widely used in tissue engineering because they allow for the variable
production of implants with complex geometries, and their surface properties can be easily
modified. Their goal is to improve the mechanical strength, biocompatibility, and biological
activity of implants while eliminating the disadvantages of metal implants. For example,
polymer-ceramic composites provide better bioactivity and higher strength, while metal-ceramic
composites offer higher resistance to wear and corrosion. The selection of an appropriate
biomaterial for bone implants depends on mechanical strength, biocompatibility, corrosion
resistance, and the ability to support bone growth. Biodegradable magnesium alloys degrade
over six to eight weeks, which is sufficient for the healing of the syndesmotic ligament.

In an evaluation of patients treated at the Trauma Surgery, Orthopedics, and Endoprosthetics
Clinic in Bad Neustadt, Germany, a high complication rate of up to 17.9% was found for
syndesmosis surgeries. A bioresorbable implant was proposed that would not need to be
surgically explanted. This would significantly reduce surgical risk. Clinical and preclinical studies,
including long-term follow-up in sheep models and initial human implantations, confirm that
ceramic composites degrade gradually while maintaining sufficient mechanical stability during
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the first weeks to ensure healing, and subsequently disappear without the need for a second
surgery for removal.

The main goal in developing the new implant was to reduce the occurrence of complications,
thereby accelerating the therapeutic process and the patient's return to normal function. To
date, there is no superior treatment method, which leaves room for innovation in current
implants using new bioabsorbable materials. The proposed resorbable screw made of magnesium
composite is manufactured through additive manufacturing and has a porous structure. This
enables rapid osteointegration and stabilization of the injury. The required healing time for the
syndesmosis is six weeks, after which the patient can fully bear weight on the limb, regardless
of the screw's stability or stage of resorption.
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Syndesmosis, Osteosynthesis, Polymeric biomaterials, Ceramic composites, Bioresorption
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Abstrakt

The rapid expansion of medical, clinical, and biological data requires advanced computational
methods to ensure their efficient processing, integration, and interpretation [1]. Data mining
approaches offer powerful tools to identify hidden structures, detect clinically relevant trends,
and construct predictive models that can significantly support both clinical decision-making and
biomedical research. In this work, we focus on the integration of data mining techniques into
medical information systems to enhance their analytical capabilities and to support the
transition towards more precise and personalized patient care. We apply a wide range of
techniques, including classification, regression, clustering, and association rule mining,
complemented by machine learning algorithms and statistical modeling. These methods are used
to analyze heterogeneous datasets comprising clinical records, laboratory findings, diagnostic
imaging, and omics data.

A central part of our research is the development of the panOMICs app [1], a platform designed
for the integration and analysis of multi-omics datasets (genomics, transcriptomics, proteomics,
metabolomics, and others). The application offers user-friendly tools for visualization,
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comparison, and interpretation of complex biomedical datasets and is prepared for direct
interaction with medical information systems. By linking routine clinical data with high-
resolution omics information, the platform enables advanced diagnostics, personalized
treatment strategies, and translational research.

In addition, our pilot studies highlight the application of data mining in precision oncology,
particularly in patients undergoing CyberKnife radiotherapy [1]. The combination of clinical data
mining and advanced algorithms shows promising results in predicting treatment outcomes,
identifying potential risk factors, and supporting the optimization of individualized therapeutic
plans. This demonstrates how integrative analytical frameworks can bridge the gap between
medical information systems, omics technologies, and clinical practice.

Our vision suggests that the use of data mining methods, followed by the application of
integrative software solutions such as the panOMICs app, has the potential to significantly
improve the efficiency and quality of medical information systems. Furthermore, it opens new
avenues for precision medicine by uncovering novel clinical insights, enhancing treatment
accuracy, and providing better tools for patient stratification and outcome prediction.
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data mining, medical information systems, panOMICs, multi-omics integration, precision
medicine
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Abstrakt

Accurate detection and segmentation of brain metastases on MRI are crucial for radiotherapy
planning but remain highly time-consuming when performed manually. In this work, we
developed and validated a convolutional neural network based on the nnU-Net framework [1],
trained on a newly created dataset of 140 patients with expert-annotated brain metastases. Of
these, 112 patients were used for training and 28 for testing in a 5-fold cross-validation setting,
achieving an average Dice score of 0.82. On the test set, the model reached a Dice score of 0.87.

To further evaluate clinical applicability, we trained the final nnU-Net model on all available
data and tested it retrospectively on an independent set of 16 patients. For each case, the
manual segmentation time by a radiologist was recorded and compared with the model’s
prediction time. Manual annotation required on average 30 minutes per patient (median 23
minutes), while the automated prediction was generated within 1-2 minutes. Although expert
review and occasional corrections were necessary, these adjustments typically took only a few
additional minutes. In practice, 8 out of 16 segmentations required no corrections, 5 needed
only minor refinements, and 3 missed very small lesions. Importantly, in two cases the model
revealed previously unreported metastases at the navigation MRI, which were absent from the
preceding diagnostic report.

These results indicate that deep learning—based segmentation could substantially accelerate
clinical workflows by providing reliable initialization masks for radiologists, reducing the overall
annotation time while maintaining accuracy. Nevertheless, larger studies are required to further
validate the robustness of the method across different clinical settings.

Key words
Brain metastases, Radiotherapy, Convolutional Neural Networks, nnU-Net, Image segmentation,

Acknowledgement
This article has been produced with the financial support of the European Union under the LERCO
project number CZ.10.03.01/00/22_003/0000003 via the Operational Programme Just Transition.

76



Reference
[1] Isensee F, Jaeger PF, Kohl SAA, Petersen J, Maier-Hein KH. NnU-Net: a self-configuring method for deep learning-based biomedical image
segmentation. Nature Methods 2021;18:203-211. DOI: 10.1038/s41592-020-01008-z.

77



PRILOHA 1 — PREDSTAVENI PRACOVIST BME V CZ A SK

1. Biomedicinské inZenyrstvi na VSB — TU Ostrava
prof. Ing. Marek Penhaker, Ph.D.

2. BMI na UNIZA
prof. Ing. Ladislav Janousek, Ph.D.

3. Novinky na UBMI FEKT VUT v Brné
Ing. Martin Mézl, Ph.D.

4. Katedra biomedicinskeho inZinierstva a merania
doc. Ing. Teodor Toth, Ph.D.

5. Katedra biomedicinské techniky, FBMI, CVUT
doc. Ing. Martin RoZdnek, Ph.D.

6. Ustav automatizace, informatizace a méreni (SjF STU v Bratislavé)
doc. Ing. Jan Rybdr, Ph.D.

7. Struktura pracovisté a studijni program Biomedicinska technika na UJEP, FZS, Usti nad
Labem
prof. RNDr. Stanislav Novdk, CSc.

8. Zmény v akreditaci studijniho programu Lékaiska elektronika a bioinformatika na FEL
CVUT v Praze
Ing. Jan Havlik, Ph.D.

9. Katedra klinického inZenyrstvi IPVZ Praha
doc. Ing. Jifi Hozman, Ph.D.

10. Biomedicinské inZenyrstvi ve specializované nemocnici
Ing. Rudolf Broum

78



