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Nazov projektu Eviden¢né ¢islo projektu APWV-17-0278

Vyskum aditivhej vyroby biodegradovatel'nych magnéziovych zliatin a ich aplikacie v
implantolégii a regenerativnej medicine

Zodpovedny riesitel doc. Ing. Radovan Hudak, PhD.
Priiemca Technicka univerzita v KoSiciach - Strojnicka fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny

Katedra biomedicinskeho inzinierstva a merania, Strojnicka fakulta, Technicka univerzita v
KoSiciach, Slovensko

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Klinika Charité, Nemecko,
HANA AMT, Juzna Koérea
Amazemet, Pol'ska republika,
Aconity, Nemecko,

CEITEC, Ceska republika
DENTAS, Slovinsko

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

V kategorii patentovych prihlaSok v SR bola zverejnena prihlaska:

9. Personalizovana zdravotnicka pomocka a spdsob jej pripravy / Martin Juhas ...

[et al.] Spbsob pristupu:

https://wbr.indprop.gov.sk/WebRegistre/UzitkovyVzor/Detail/17- 2020...

[JUHAS, Martin - ZIVCAK, Jozef - HUDAK, Radovan - SCHNITZER, Marek - STEFANOVIC,
Branko]

V kategérii uzitkovych vzorov v SR bol zapisany uzitkovy vzor:

10. Personalizovana zdravotnicka pomocka a spdsob jej pripravy / Martin Juhas ...

[et al.] Spbsob pristupu:

https://wbr.indprop.gov.sk/WebRegistre/UzitkovyVzor/Detail/17- 2020...

[JUHAS, Martin - ZIVCAK, Jozef - HUDAK, Radovan - SCHNITZER, Marek - STEFANOVIC,
Branko]

Najvyznamnejsie publikacie (knihy, €¢lanky, prednasky, spravy a pod.) zhriujuce

vysledky projektu — uvedte aj publikacie prijaté do tlace

1. The Effect of Position of Materials on a Build Platform on the Hardness, Roughness, and

Corrosion Resistance of Ti6Al4V Produced by DMLS Technology / Anna Guzanova ... [et

aI] 2019.In: Metals. - Basel (Svajéiarsko) : Multidisciplinary Digital Publishing Institute RoC.
¢. 10 (2019), s. 1-24 [online]. - ISSN 2075-4701 [GUZANOVA Anna - DRAGANOVSKA,

Dagmar IZARIKOVA, Gabriela - ZNCAK, Jozef - HUDAK, Radovan - BREZINOVA,

Janette - MORO, Radbert]

2. As-fabricated surface morphologies of Ti-6Al-4V samples fabricated by different laser
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processing parameters in selective laser melting / Snehashis Pal ... [et al.] - 2020.In:
Additive Manufacturing. - Amsterdam (Holandsko) : Elsevier Science Ro¢€. 33 (2020), s. 1-14
[online, print]. - ISSN 2214-8604 Spbdsob pristupu:
https://www.sciencedirect.com/science/article/pii/lS221486041932336X. [PAL, Snehashis -
LOJEN, Gorazd - HUDAK, Radovan - RAJTUKOVA, Viktéria - BRAJLIH, Tomaz - KOKOL,
Vanja - DRSTVENSEK, Igor]

3. Evolution of the metallurgical properties of Ti-6AlI-4V, produced with different laser
processing parameters, at constant energy density in selective laser melting / Snehashis Pal
... [et al.] - 2020.In: Results in Physics : The new online only, open access journal in
Physics. Roc€. 17 (2020), s. 1-9 [online]. - ISSN 2211-3797 (online)

4. The effects of locations on the build tray on the quality of specimens in powder bed
additive manufacturing / Snehashis Pal ... [et al.] In: The International Journal of Advanced
Manufacturing Technology. - Berlin (Nemecko) : Springer International Publishing AG
Formular RS1, strana 8/11 Ro¢. 112, €. 3-4 (2021), s. 1159-1170 [print, online]. - ISSN
0268-3768 [PAL, Snehashis (10%) - GUBELJAK, Nenad (5%) - BONCINA, Tonica (5%) -
HUDAK, Radovan (20%) - TOTH, Teodor (20%) - ZIVCAK, Jozef (20%) - LOJEN, Gorazd
(5%) - LEBEN, Niko (5%) - DRSTVENSEK, Igor (10%)

5. Additive manufacturing of porous ti6al4v alloy: Geometry analysis and mechanical
properties testing / Radoslav Hudak ... [et al.] In: Applied Sciences. - Bazilej (Svajgiarsko) :
Multidisciplinary Digital Publishing Institute Roc€. 11, €. 6 (2021), s. 1-18 [online]. - ISSN
2076-3417 (online) [HUDAK, Radovan (20%) - SCHNITZER, Marek (10%) - ORSAGOVA
KRALOVA, Zuzana (10%) - GOREJOVA, Radka (10%) - MITRIK, Luka$ (4%) -
RAJTUKOVA, Viktdria (10%) - TOTH, Teodor (4%) - KOVACEVIC, Mila (4%) - RIZNIC,
Marcel (4%) - ORINAKOVA, Renata (4%) - ZVCAK, Jozef (20%)]

6. Effect of the fabricating locations and orientations according to the powder coating
direction in Selective Laser Melting on mechanical properties / Snehashis Pal ... [et al.] In:
Results in Physics : The new online only, open access journal in Physics. - Amsterdam
(Holandsko) : Elsevier €. 26 (2021), s. [1-10] [online]. - ISSN 2211-3797 (online) [PAL,
Snehashis (20%) - RAMADANI, Riad (10%) - GUBELJAK, Nenad (10%) - BONCINA,
Tonica (10%) - HUDAK, Radovan (20%) - DRSTVENSEK, Igor (20%) - BRAJLIH, Tomaz
(10%)]

7. Biomechanical Testing of Two-Unit Bridges and a Comparison of Replacement Retention
Depending on a Cementation Medium, Replacement Position, and Gap Size - Findrik
Balogova, A., Rajtukova, V., Chromy, L., Somos§, A., IZarikova, G. and Hudak, R., 2022.
Journal of Functional Biomaterials, 13(4), p.286

8. Analysis of PLA/PHB biopolymer material with admixture of hydroxyapatite and tricalcium
phosphate for clinical use - Kohan, M., Lancos$, S., Schnitzer, M., Zivgak, J. and Hudak, R.,
2022.. Polymers, 14(24), p.5357.

Uplatnenie vysledkov projektu

Vysledky projektu su uplatnitefné v ramci komercionalzacie upraveného zariadenia a
vyvinutého softvéru na aditivnu vyrobu réznych komerénych aj vyvinutych Mg zliatin.
Aditivne vyrobené implantacné Struktury su zakladom pre dalSi vyskum a aplikaciu
osteosyntetického materialu z Mg zliatin v klinickej oblasti v podobe stabilizacnych ty¢i a
skrutiek pre rézne druhy fraktur bez potreby reoperacie ako je tomu pri pouZziti
permanentnych kovovych materialov. Medzinarodné prepojenia na komer&né spolo€nosti a
klinické pracoviska, ktoré vznikli v ramci rieSenia projektu (Charité, DE, UNLP, SK, HANA
AMT, Amazemet, PL, Aconity, DE, CEITEC, CZ, Biomedical Engineering, s.r.o., SK su
bazou pre dalSie pokraCovanie rieSenia danej problematiky a ziskania nadvaznych projektov
z narodnych, ¢i medzinarodnych schém. O klinickej a priemyselnej aplikovatelnosti
vysledkov projektu hovori aj bohata publikacna €innost’ v renomovanych ¢asopisoch,
udeleny uzitkovy vzor a zverejneny patent. Prijimatelska organizacia ma aj po ukonceni
projektu jasne zadefinované kroky dalSieho rieSenia vyskumnych uloh v danej problematike,
ktoré budu dalej rozvijat nadobudnuté medzinarodné vztahy a dalej uplathovat délezité
vyskumné vystupy v klinickej a aplikacnej praxi

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
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V ramci rieSenia projektu sa podarilo z vlastnych zdrojov hardvérovo upravit komeréné
zariadenie DENTAS LMP 100 na aditivnu vyrobu Mg zliatin v rdmciintenzivnej spoluprace
medzi prijimatefom a komerénym vyrobcom zariadenia. Bol vyvinuty softvér pre ovladanie
vnutornej atmosféry v komore, ktory zabezpec€uje optimalne podmienky pre aditivhu vyrobu
Mg zliatin. V ramci projektu boli v spolupraci s partnermi projektu v praSkovej a inej forme
pripravené viaceré druhy Mg zliatin kombinaciou s biogénnymi prvkami a kovmi vzacnych
zemin. Bola vytvorena komplexna metodika na aditivnu vyrobu Mg zliatiny We 43 na
upravenom zariadeni, ktora bola na zaklade procesnych parametrov upravena. Vysledkom
bola tla¢ 60 implantacnych Struktur s rdznymi rozmermi a trabekularnou Strukturou poérov pre
zabezpecenie osteointegracie pri interakcii implantatov s kostnym tkanivom. Vyrobené
implanta¢né Struktury boli podrobené v spolupraci s partnermi fyzikalnym, biomechanickym
a biologickym testom vzhladom k funk&énym vlastnostiam a biokompatibilite pre dalSie
pouzitie v klinickej oblasti. Projekt v poslednej faze riesil takisto etické aspekty aplikacie
resorbovatelnych implantatov vyrobenych aditivnou vyrobou v klinickej oblasti. Projekt
priniesol 52 publikacii z toho 8 karentovanych, zapisany uzitkovy vzor, zverejnenu
patentovu prihlasku a viacero diseminacnych vystupov v podobe verbalnej prezentacie
vysledkov projektu na konferenciach, veftrhoch a vedecko-vyskumnych sympdziach.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

As part of the project, it was possible to achieve a hardware solution to modify the DENTAS
LMP 100 device for the additive manufacturing of Mg alloys within the framework of
intensive cooperation between the receiver and the manufacturer of the device. Software
was developed to control the internal atmosphere in the chamber, which ensures optimal
conditions for the additive production of Mg alloys. As part of the project, several types of
Mg alloys with a combination of biogenic elements and rare earth metals were prepared in
powder and other form in cooperation with the project partners. A complex methodology was
created for the additive production of We 43 Mg alloys on modified equipment, which was
optimised on the basis of process parameters. Sixty implant structures with different
dimensions and trabecular pore structure were printed to ensure osseointegration during the
interaction of implants with bone tissue. The manufactured implant structures were
subjected win cooperation with project parnters to physical, biomechanical and biological
tests with regard to functional properties and biocompatibility for further use in the clinical
field. In the last phase, the project also addressed the ethical aspects of the application of
resorbable implants produced by additive manufacturing in the clinical area. The project
resulted in 52 publications, 8 of which were current content, a registered utility model, a
published patent application and several dissemination outputs in the form of verbal project
results at conferences, large markets and scientific research symposia.
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