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» 20% after 5y -2 . . . . |
, 10-30% after 10y » Cystic osteolysis » Metallic and polyn)_?rlc » Tribocorro

_ (sometimes 50%) 35 » Pseudotumors micro/nanoparticles

The mobile-bearing Buechel-Pappas TAR. Metallic

tibial and talus components and a UHMWPE bearing. mQChanisms I'emai n UnC|eaI'

Introduction
TOt?I Ankle Replacem.ent (TAR) BOdy,s response. Causes: » Differences between in-vivo
» High rate of reoperation : » Inflammation » Metal ions release” and in-vitro conditions

need to be adapted to match
» Aseptic loosening » But the entangle of cell culture conditions
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sion test method

Develop a custom Biotribocorrosion test rig taking into account the biological, mechanical and chemical factors
Understand the role of synergistic interaction of wear and corrosion in the case of CoCrMo/PE implants

Biotribocorrosion set-up Experimental conditions
P 3O f : " UHMW-PE pin
Mgteis 7 i aMCoS ‘ \ Potentiostat I / TSN / Standard double mobility RPMI-16
s D g ‘, ................. O Ref (SCE) PE prosthesis inserts (HDM?248,
Vertical fluorescence N \ O CE (Platinum) I Dx TORNIER)
: Inu
Custom thermostatic enclosure MICTOSLOPE j //,O WE (CoCrMo) <_C: CoCrMo b’ CoCrMo disk
(37°C, 90% humidity, 5% CO,) AL b | (Biodur® CCM®, Carpenter) Human o

ﬁ =36 N ASTM-F1537-11
/ ISO 5832-12:2007

RPMI-1640 supp Biotribocorrosion sequence

I Electrochemical meas. :
I Evolution of open circuit potential EOCP and

voltage drops.
Linear DC TolE= SEEr Linear DC J P

Plastic disks with cell lines

Cell culture medium :

+ 1% Antibiotics

Murine macrophages RAW 264.7

Cell seeding density : 5.104 cells/cm?

Q // ) I Mechanlcal contact, force and displacements applied Fluo. marker: intracellular pH
ﬁ ' £/ (pHrodo™ Red AM, Thermofisher)

40 + 10% Fetal bovin serum

steoblasts hFOB 1.19

motors Piezoelectric actuator motors I

Biological meas. :
Air bearing I Visualization of living cells and acidification:

Electromagnetic

actuator specific sensor of endocytic (ions) and
o hagocytic (debris) internalization.
Lifting table | Phagocytic ( ) Mechanical sequence : Init : Initialization phase, CSR :
: : Compression Stress Relaxation, Rh : Rheology, Slid :
rf I EM, IFM
Schematic biotribocorrosimeter set-up developped by Mateis and LaMCoS. | Surface and debris analysis (SEM, ) Sliding phases. V4 : 0.5-2 mm/s)

Test N° CoCrMo surface  Vsjiding (mm/s) Cell line

Results 1 SiC 1200 0.5 Macrophages

2 Mirror polishing 2 Osteoblasts

- % ) ™ / O ) m s\o‘.CHIMIE & o
Tribology & Lamces Electrochemistry Mateis Biology ‘jeb'
PE degradat SEM CoCrMo surface (green) 300- : , "% 300, Eocp increases gradually ”“Qr”z“jﬁ
egra a |on( ) PE quoret parlcl (red) . '  csmaRn , o around -200 mV/SCE. then
R EJ) 150 .:~. /\ X it sharply increases during Acidification of endocytic
‘g o 0] CSR+Rh compartment or/and phagosomes.
N 5 2 0 o | Hallmarks of endocytosis,
Z Z E , — — Z pinocytosis or/and phagocytosis.
» O §-1501 Break the transfert layer PE ' ') _
|9 |9 . , i S Discharge of triboelectric |2 Fluorescence does not differ
-300- Slid. i Slid. 5 Slid. charges accumulated during significantly during testing (6h).
o 1 2 a3 4 5 friction?
""" Time /h Fi t intensity of pHrodo indicator after internalization b
A : uorescent iIntensity or phrodo Indicator atter internalization py
Numerous and round particles ejected out of the contact due to ICP-MS analysis after testing confirms no W(?pm) Co Cr Mo living macrophages. Green intensity represents acidification
rough rugosity of CoCrMo. PE layer adherent and pulled. significant dissolution of CoCrMo. TestN'L 0,29 0,01 0,01 (pH 4.7-5) in acidic endosomes, lysosomes and phagosomes.
Adhesive wear
: 65- 5 sec
1004 ‘ Loading CSR + Rh (= frequence sliding)
I ' . Acidification of endocytic
o~ N N compartment. Maybg revelation .Of
o o o the endoplasmic reticulum that is
E E /W\’\\ E chemical reaction site
7)) 7)) 7p)
|9 |9 671,'54 | 1,56 ﬁ.’ No difference during testing (6h).
o | . Depassivation (dissolution) +
. Slid. Slid. 1 1 Sld. ;' repassivation (re-growth) of
_ _ _ _ '3000 i T 2 3 a1 5 & the worn track between Fluorescent intensity of pHrodo indicator after internalization by
Rgll-shaped p_amCleS th3_|t are crushed and .“tt'e ejected. Thick Time / h successive move of the pin. living osteoblasts. Green intensity represents acidification (pH
third-body acting as lubricant. Hydrodynamic effect 4.7-5) in acidic endosomes and lysosomes.

Test N°1 : Slow ionic dissolution. Low V4 induces an
accumulation of electrostatic charges on PE pin

Test N°1: PE adhesive layer, adhesive wear
Test N°2 : Third-body thick, hydrodynamic
Confirmed by :

COF 1 (0.076) > COF 2 (0.054)

Viear 1 (0.019 mm?) > Vyear 2 (0.009 mm?)

Test N°2 : High V4, causes dissolution and then

repassivation of worn track. lons ++ Provide follow-up after 24, 48 ho

Conclusion

Revelation of acidification: ions internalization by

endocytosis, pinocytosis. Phagocytosis ?

urs of incubation.

Common tribocorrosion Test N°1 Test N°2
devices : : : Adhesive wear Hydrodynamic wear
BIOtI‘I bocorrosion PE transfer layer Third-body acting as lubricant
' » Development of a biotribocorrosion apparatus to understand the synergistic Accumulation of electrostatic charges Metal ionic dissolution
effects between mechanical, chemical and physiological reactions: \)\\k\\/\“\//f—s\\\\\\\/—\
» Mechanical contact identical to that of a prosthesis: PE/CoCrMo _ PE ""OQ ions PE 0
» Direct contact of metal ions and wear debris with the cells O&‘\ e o /4 ) g
”r . . . . . . e’ e' P d ) \ Ve \n“'
» Cell culture conditions fulfilled with fluorescence monitoring of living cells W W |
/\_— *] _'
Synergistic fields of biotribocorrosion in medical implants = { COCI’MO (mII'I'OI')
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