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H H 1 . 0 PROJEKTU Artréza neni doménou jen velkych kloub( ¢lovéka jako je kycel a koleno, ale také ¢asto postihuje malé klouby na ruce a
Skolitel specialista:

noze. Jednou z moZnosti 1é¢by tézkych forem artrozy je aplikace implantatu, ktery zajisti pozadovanou artikulaci a ulevi

I ng Matué Ran U§a Ph D pacientovi od bolesti. V posledni dobé vyrobci implantatd diskutuji moZnosti vyroby ndhrad malych kloubt
. y .

nekonvengnimi technologiemi jako je 3D tisk z titanovych praskd. Vyhodou takto aditivng vyrabéné nahrady je

zjednoduseni jeji konstrukce a vyroba na miru pro konkrétniho pacienta. Pfedkladany projekt se zaméfi na hodnoceni
tribologickych vlastnosti kontaktnich povrchd konvenéné a aditivné vyrabénych nahrad malych kloubd, které budou
analyzovany pomoci simulatoru kloubu a fluorescenéni mikroskopie. Navrzena metodika umoZzni posoudit vyvoj tloustky
mazaciho filmu a souasné& méfit soudinitel smykového tfeni v kontaktu. Vysledky projektu pfinesou jasné zavéry z
hlediska funkce kontaktnich povrchl aditivné vyrabénych implantatd a vyrazné tak prispé&ji k dalsimu pokroku v oblasti

navrhu a vyvoje nadhrad malych kloubd.
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Tribology International
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ELSEVIER journal homepage: www.elsevier.com/locate/triboint

. . . . . . * Check for
Development of lubrication film and influence on friction in a total knee i
replacement during a gait cycle
Lukas Odehnal >, Mat$ Ranusa®, Markus A. Wimmer ”, Martin Vrbka?, Ivan Kiupka*
# Department of Tribology, Faculty of Mechanical Engineering, Brno University of Technology, Technicka, 2896/2, 616 69 Brno, Czech Republic
" Department of Orthopedic Surgery, College of Medicine, Rush University Medical Center, Chicago, USA
ARTICLE INFO ABSTRACT
Keywords: The presented study dealt with the experimental analysis of friction and lubrication mechanism observed with
Total knee replacement fluorescent microscopy in total knee replacement represented by CoCrMo wheel and PMMA plate. Model sy-

Friction coefficient
Lubrication film development
Fluorescent microscopy

novial fluid with marked constituents was used as test lubricant. The experiments investigated three main pa-
rameters. Slide-roll-ratio (SRR) showed the greatest influence on lubrication film formation. Friction coefficient
was mostly influenced by axial load; its increase led to a decrease in friction. Relative speed was manifested for
SRR 1.25 and higher where its increase caused a decrease in friction. The complex experiment showed a
development of friction coefficient and lubrication film along the whole gait cycle. The results of this experiment
correspond with the initial results concerning the influences of parameters.
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Téma: Tribologické procesy v kontaktu 3D tiSténého malého kloubniho implantatu
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Tribology Letters (2023) 71:125
https://doi.org/10.1007/511249-023-01795-4
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Tribological Behaviour of Ti6Al4V Alloy: An Application in Small Joint
Implants

Luka$ Odehnal'® . Mati$ Ranusa'® - Martin Vrbka'© . Ivan Kfupka' - Martin Hartl’

&
A
V.
4

Received: 15 June 2023 / Accepted: 4 October 2023 / Published online: 8 November 2023 k N
© The Author(s) 2023

TTUTE OF MACHIN
& BANO  FACULTY y
14 OF TECHNOLOGY ENGINEERING y

Abstract

The presented study deals with the analysis of the tribological behaviour of the Ti6Al4V alloy manufactured conventionally.
The study aimed to verify whether the titanium alloy is suitable for use as a contact material in small joint implants, as addi-
tive manufacturing of this alloy can in the future provide certain benefits, such as individualization and simplification of the
implant construction, or controlled porosity. The tested pair consisted of a pin and a glass plate lubricated with model synovial
fluid. The contact area was observed with colorimetric interferometry. Alongside film thickness, friction, and wear scars were
measured. From the designed experimental conditions, the titanium alloy was not able to create a sufficiently thick lubrication
film to overcome its surface roughness and damage to contact surfaces occurred. Friction was comparable for all the tested
configurations. The application of conventionally manufactured titanium alloy as a contact surface in small joint implants
seems to not be suitable since its performance fell short when compared to conventional cobaltous alloy. Nevertheless, there
are various alternative methods available, such as unconventional manufacturing, polishing, surface texturing, and coating.
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Peer review status

[1st revision] Tribological behaviour of
additively manufactured Ti6Al4V with
controlled surface structure: An application in
small joint implants

+ Reviews completed: 2+
- Review invitations accepted: 2+

« Review invitations sent: 2+

PhD study and research -3p printed samples with surface structure . 2024

1st revision

Review

Complete

Last review activity: 1st
April 2025 ®
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Tribology Letters (2025) 73:15
https://doi.org/10.1007/511249-024-01950-5
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Effect of Surface Texturing on Friction and Lubrication of Ti6Al4V
Biomaterials for Joint Implants

Mat($ Ranuga' - Lukas Odehnal' - Ondiej Kucera' - David Neéas' - Martin Hartl' - Ivan Kfupka' - Martin Vrbka'

Received: 6 August 2024 / Accepted: 4 December 2024 / Published online: 19 December 2024
©The Author(s) 2024

Abstract

The number of endoprosthetic implants for both large and small joints is increasing at a steady rate, thereby creating a growing
demand for durable products that closely replicate the functionality of human joints. Notwithstanding the aforementioned
advancements, challenges pertaining to implant fixation and tribological surfaces persist. The advent of progressive technolo-
gies, such as three-dimensional printing, offers a promising avenue for addressing these challenges in implant design and
surface engineering. The TibAl4V and CoCrMo alloys, renowned for their biocompatibility and osseointegration properties,
represent promising printable materials, although they are susceptible to wear on articulating surfaces. In order to mitigate
the effects of abrasion, it is essential to implement surface treatments to facilitate the formation of a robust lubricating
film. This research investigates the potential of texturing and electrochemical polishing to enhance protein aggregation in
the contact area. The study employs a reciprocating simulator and colorimetric interferometry to observe the contact area
and measure the coefficient of friction (CoF) of modified surfaces. The findings demonstrate that textured surfaces and the
combination of electrochemical polishing result in an increase in the thickness of the protein lubrication film, which may
potentially reduce wear. These outcomes suggest the potential for the utilization of Ti6Al4V alloy implants with fewer ele-
ments manufactured by additive technology.
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PhD StUdy and research - Long-term experiments 2025
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CIPEK, P; RANUSA, M.; ODEHNAL, L.; VRBKA, M.: Simulator opotiebeni; Simulétor pro studium opotrebeni malych
kloubnich nahrad. Laborator Biotribologie budova A3, 6. patro, mistnost A3/614 Ustav konstruovéni Fakulta
strojniho inZenyrstvi VUT v Brné. URL: https://intranet.ustavkonstruovani.cz/file-download/get-project-pdf/486.
(funkéni vzorek)

https://intranet.ustavkonstruovani.cz/file-download/get-project-pdf/486, pocet stazeni: O
Detail
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Planned Internship at EPFL (1.6. — 31.8.) . 2025

Tribology and Interfacial Chemistry , _ o
Ecole polytechnique fédérale de Lausanne (EPFL)

Stefano Mischler  Anna Neus Igual Mufioz

Head of the laboratory Supervisor
H-index 48 H-index 30

The group is active in the field of advanced tribology
as a multi-disciplinary, multi-scale discipline at the
interface between material science, mechanics and
surface chemistry and physics.
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Outline of my PhD study

Long-term
Work on an article Starting to use experiments and
from diploma thesis 3D printed samples wear tests
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Future Focus and Research 2

3D tistena individualizovana segmentalni kloubni nahrada:

optimalizace fixace do kosti a biotribologie artikulacniho povrchu

v ,
AZV ® C R AGENTURA PRO ZDRAVOTNICKY
VYZKUM CESKE REPUBLIKY

Brno University of Technology
prof. Ing. Martin Vrbka, Ph.D.
doc. Ing. Daniel Koutny, Ph.D.

Motol University Hospital
prof. MUDr. Vojtéch Havlas, Ph.D.

University of Chemistry and Technology
prof. Dr. Ing. Dalibor Vojtéch
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BUDOUCNOST ORTOPEDIE: V MOTOLE
PROVEDLI PRVNI SEGMENTALNI
NAHRADU KYCELNI HLAVICE V CR

14.1. 2025

Lékari z Kliniky détské a dospélé ortopedie a traumatologie 2. LF UK a FN Motol
provedli v loniském roce prvni implantaci individualné vyrobené ¢astecné
povrchové nahrady hlavice ky€elniho kloubu u mladého pacienta se segmentalni
nekrézou hlavice ky€elni kosti. Slo o viibec prvni implantaci na bazi individualng
zhotoveného implantatu tohoto typu v Ceské republice.
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