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CONTENT OF PRESENTATION

= Biotribology as a part of Biomedical Engineering
= Biotribology Research Group

= Viscosupplementation of articular cartilage -

= Superlubricity of synovial joint fundamental

= Lubrication of 3D printed joint implants research

= Loss of shoe outsole adhesion |

= Treatment of dry eye syndrome . \
= Treatment of lower back pain applied \ X
= Effect of toothpaste on teeth brushing research Vg

= Development of dental lacquer .

= Teaching & other activities
= About me & my hobbies
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Prof., IMID Prof., Head of

director Dept. of Tribology

Established in 2010
Members: ~20

PhD students: 4
Defended PhD: 5
Defended MSc: 20
Defended BSc: 20
Papers in IF journals: 44
Papers in Scopus: 11
Received projects: 13

Project funds: *45/88 mil. CZK
Awards: 8 *without MEBIioSys

My activities at the IMID 2020-2024

BIOTRIBOLOGY RESEARCH GROUP

Prof., Head of Biotribology
Research Group

Assist. Prof. (postdoc)

a9

PhD students — 15 to 4" year

.“Y"‘vw\

MSc students — 4" and 5" year
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OUR RESEARCH TASKS IN BIOTRIBOLOGY (2020- 2024)

1. Viscosupplementation of articul. cartilage
GA CR Standard (2020-2022)

2. Superlubricity of the synovial joint
MSMT OP JAK, WP A.2.1 (2023-2028)

3. Lubrication of 3D printed joint implants
GA CR Standard (2022-2024)

4. Loss of shoe outsole adhesion
Specific University Research (2024)

5. Treatment of dry eye syndrome
TA CR Trend (2020-2023)

6. Treatment of lower back pain
OP PIK Applications (2020-2022)

7. Effect of toothpaste on teeth brushing
Innovation vouchers (2023 & 2024)

8. Development of dental lacquer
OP PIK Applications (2021-2023)

My activities at the IMID 2020-2024 5/30 k INSTITUTE OF MACHINE
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VISCOSUPPLEMENTATION OF ART. CARTILAGE FIGACR

GRANTOVA AGENTURA CESKE REPUBLIKY

* THR and TKR = radical treatment

= Revision operation is complex and costly

= Delaying implantation until the patient is older

= Viscosupplementation = conservative treatment
= |njection of HA preparation into the joint

= Viscosupplementation as a placebo effect
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GA CR, 20-00483S, Standard project, An investigation of synovial fluid viscosupplementation and its
impact on friction and lubrication, 2020-2022, principal investigator: MV, evaluation: Excellent
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GRANTOVA AGENTURA CESKE REPUBLIKY

VISCOSUPPLEMENTATION OF ART. CARTILAGE Kl GACR
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GA CR, 20-00483S, Standard project, An investigation of synovial fluid viscosupplementation and its 2130 INSTITUTE OF MACHINE
impact on friction and lubrication, 2020-2022, principal investigator: MV, evaluation: Excellent AND INDUSTRIAL DESIGN
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SUPERLUBRICITY OF SYNOVIAL JOINT wc=rec &

MEBioSys

Excellent Research
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OP JAK, Excellent Research, CZ.02.01.01/00/22_008/0004634, MEBioSys, WP A.2.1: Mechanisms 8/30 INSTITUTE OF MACHINE
of superlubricity in biosystems, 2023-2028, principal investigator: MH, WP A.2.1 guarantor: MV AND INDUSTRIAL DESIGN
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SUPERLUBRICITY OF SYNOVIAL JOINT mc=rec &

MEBioSys

Excellent Research

BOVINE ARTICULAR CARTILAGE PHEMA HYDROGEL
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OP JAK, Excellent Research, CZ.02.01.01/00/22_008/0004634, MEBioSys, WP A.2.1: Mechanisms 9/30 INSTITUTE OF MACHINE
of superlubricity in biosystems, 2023-2028, principal investigator: MH, WP A.2.1 guarantor: MV AND INDUSTRIAL DESIGN
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SUPERLUBRICITY OF SYNOVIAL JOINT mc=rec &

MEBioSys

Excellent Research

Swelling Coefficient of friction Visualization of synovial fluid components

OP JAK, Excellent Research, CZ.02.01.01/00/22_008/0004634, MEBioSys, WP A.2.1: Mechanisms 10/30 INSTITUTE OF MACHINE
of superlubricity in biosystems, 2023-2028, principal investigator: MH, WP A.2.1 guarantor: MV AND INDUSTRIAL DESIGN



3D PRINTING OF SMALL JOINT IMPLANTS
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AlIM: exp. describe the friction and lubrication mechanisms of 3D printed surfaces
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GACR, 22-02154S, Standard project, Friction and lubrication of small joint implants produced by 3D 11/30
metal printing additive technology, 2022-2024, principal investigator: MV, under evaluation



3D PRINTING OF SMALL JOINT IMPLANTS [’lGACR
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GACR, 22-02154S, Standard project, Friction and lubrication of small joint implants produced by 3D 12/30 INSTITUTE OF MACHINE
metal printing additive technology, 2022-2024, principal investigator: MV, under evaluation AND INDUSTRIAL DESIGN
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3D PRINTING OF SMALL JOINT IMPLANTS EEGACR

GRANTOVA AGENTURA CESKE REPUBLIKY
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metal printing additive technology, 2022-2024, principal investigator: MV, under evaluation AND INDUSTRIAL DESIGN
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TREATMENT OF DRY EYE SYNDROME

<, CONTIPRO

= Ageing population, diabetes _"
= Monitor, TV and phone viewing

= Tear film quality and its evaporation

= Increased friction = cornea damage

= Artificial tears in the form of eye drops
= Cooperation with Contipro, Inc.
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TA CR, TREND, FW01010060, Research and development of pharmaceutical ingredient to artificial tears for 15/30
the treatment of dry eye syndrome, Contipro, 2020-2023, principal investigator: MV, evaluation: Excellent



TREATMENT OF DRY EYE SYNDROME ‘,/CONTIPRO

Reciprocal pin-on-plate simulator Experiment scheme - in situ observation Friction coefficient as a function of time + images of the observed area
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TA CR, TREND, FW01010060, Research and development of pharmaceutical ingredient to artificial tears for 16/30 INSTITUTE OF MACHINE
the treatment of dry eye syndrome, Contipro, 2020-2023, principal investigator: MV, evaluation: Excellent AND INDUSTRIAL DESIGN



TREATMENT OF DRY EYE SYNDROME

. CONTIPRO
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TA CR, TREND, FW01010060, Research and development of pharmaceutical ingredient to artificial tears for 17/30 INSTITUTE OF MACHINE
the treatment of dry eye syndrome, Contipro, 2020-2023, principal investigator: MV, evaluation: Excellent AND INDUSTRIAL DESIGN
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OP PIK, Applications VII, CZ.01.1.02/0.0/0.0/19_262/0020005, Fascia lubrication and regeneration 18/30 INSTITUTE OF MACHINE
by hyaluronan, Contipro, 2020-2022, principal investigator: MV, evaluation: Excellent AND INDUSTRIAL DESIGN



TREATMENT OF LOWER BACK PAIN & ¥ CONTIPRO
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OP PIK, Applications VII, CZ.01.1.02/0.0/0.0/19 262/0020005, Fascia lubrication and regeneration 19/30 INSTITUTE OF MACHINE
by hyaluronan, Contipro, 2020-2022, principal investigator: MV, evaluation: Excellent AND INDUSTRIAL DESIGN



EFFECT OF TOOTHPASTE ON TEETH BRUSHING
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OP PIK Inovaéni Vouchery — Vyzva V1., CZ.01.1.02/0.0/0.0/20_358/0028049, Odborné posouzeni 20/30 INSTITUTE OF MACHINE
abrazivity détské zubni pasty, Nobilis Tilia, 2022-2023, fesitel: MV AND INDUSTRIAL DESIGN



EFFECT OF TOOTHPASTE ON TEETH BRUSHING o
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OP PIK Inovacéni Vouchery — Vyzva VI., CZ.01.1.02/0.0/0.0/20 _358/0028049, Odborné posouzeni 21/30 INSTITUTE OF MACHINE
abrazivity détské zubni pasty, Nobilis Tilia, 2022-2023, reSitel: MV AND INDUSTRIAL DESIGN



EFFECTIVENESS OF PLAQUE REMOVAL AN
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OP TAK Inovaéni Vouchery — Vyzvalll., CZ.01.01.01/05/23_009/0004317, Odborné posouzeni u€innosti INSTITUTE OF MACHINE
Cisténi vyvijené détské zubni pasty (Benjaminek nové generace), Nobilis Tilia, 2024-2025, resitel: MV AND INDUSTRIAL DESIGN
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OP PIK, Applications IX, CZ.01.1.02/0.0/0.0/21_374/0026954, Development of biocompatible polymer dental 23/30 INSTITUTE OF MACHINE
polish with nano silver incorporated into sodium fluoride, SynCare, 2021-2023, principal investigator: MV AND INDUSTRIAL DESIGN



CONTRACTS FOR EXPLOITATION OF RESULTS
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NEW PROJECTS (START OF SOLUTION IN 2025)

= 3D printed metal matrix composites reinforced by 2D MXene nanosheets for new-generation

biomedical implants, GA CR Standard, 25-15390S, 2025-2027, principal investigator: David Ne&as
= 3D printed individualised segmental joint implant: optimisation of fixation to bone and biotribology
of articular surface, AZV MZ, NW25-08-00044, 2025-2028, principal investigator: Martin Vrbka
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GRANTOVA AGENTURA CESKE REPUBLIKY

My activities at the IMID 2020-2024

WP3
Modification of the fixation
part of focal implant

MANUFACTURING
3D printing of the individualised
focal implant for patient
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HOW TO GET PARTNERS FOR COOPERATION?
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TEACHING & OTHER ACTIVITIES

= Diploma Project - Concept (ZD1)

= Diploma Project - Bibliography and Goals (ZD2)

= Master Thesis Project - Methods and Results (ZDP)

= Master Thesis Project - Results and Discussion (ZD5)

= Biomechanic Systems (ZBS)

= Coordinator of teaching in bachelor study programmes
(3rd year)
= Member of IMID Council

= Public Relations lectures (BiGy, GymBos, GyBnP, SPS
HK, VIDA!, Science and Technology Club, IngCamp)
= Podcast Technicky vzato

AND INDUSTRIAL DESIGN
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ABOUT ME & MY HOBBIES

Pohled na mdj ddm; tehdy diém panského $afare, : . Ty maj krajil Jsi tamw, kde VysocCina nabira dech
pozdéji Wirtshaus, majitelé rod Honrichsu. a pole skladaji slib chudoby:...

Olej na platné, po roce 1800, statni zamek Kunstat FrantiSek Halas, Ja se tam vratim, 1939

My activities at the IMID 2020-2024 'Ahﬁg '.L%LZ?E.“X’CEE‘Q‘.EN




ABOUT ME & MY HOBBIES

= Hiking & Nordic skiing = MTB & Gravel riding = HD & MG motorcycle riding

'

My activities at the IMID 2020-2024 29/30 INSTITUTE OF MACHINE
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THANK YOU FOR YOUR ATTENTION

Martin Vrbka

martin.vrbka@vut.cz

https://www.facebook.com/BioTribo/

- - { —_ i

-~ -~ - ] w
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www.ustavkonstruovani.cz
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