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CUP MATERIALS

ACETABULAR 
SHELL

ARTICULATING 
SURFACE

Polyethylene
CoCrMo
Ti-alloy (TiAlV)
Ta-alloy
Al2O3  
ZTA

Coatings: Ti porous, HA, TiN, …

Inside of cup or as liner (inlay) 

Non-XL UHMWPE (PE)
XLPE
CoCrMo (M)
Al2O3  (Biolox forte)
ZTA   (Biolox delta)
Coatings: TiNbN, …
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Non-cemented fixation:
Porous Ti +/- HA: 
attractive to osteoblasts 
OSTEOINTEGRATION

2017

BIOFILM:
bacteria attracted to
- hydrophobic
- rough surfaces
- deep pores

Yunyi Cao et al

nonXLPE - M
XLPE – M

nonXLPE - Al2O3
XLPE - Al2O3
nonXLPE - Zr

XLPE - Zr
nonXLPE - ZTA

XLPE - ZTA
XLPE - Ox

M – M
TiNbN M – TiNbN M

M - Al2O3/ZTA
Al2O3/ Al2O3

ZTA/ZTA

ARTICULATING SURFACES / BEARING COUPLE
CUP - HEAD
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Zr surface transformed 
into ceramicised metal: 
more fracture resistant; 
less wear?

AOAJRR
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TiNbN

WEAR PRODUCTS: PARTICLES

Mag
nx10

PE

CoCrMo 
nonXL PE: >wear 
with >diameter head
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AOAJRR 2018

•Hardness => scratch resistance 
    •Surface roughness => PE abrasion 
    •Hydrophilicity => lubrication 

metal  
ceramic 

ceramic 
(BIOLOX)® 

CoCr Alloy 
metal 

ceramic 

metal 
ceramic 

metal 
(CoCr alloy)  

High performance biomaterials 71 0 

51 0 

ceramicized 
metal 

(Oxinium™) 
63 0 

HARD 
BEARINGS Properties of ceramics in THA

High scratch 
resistance

Long lasting smoothness

Low wear in-vivo, 
independent of 
head diameter

Low friction

Piconi C et al., Ceramics in THR bearings: behavior in off-normal conditions. Key Eng Mater 631:1-7 (2015)

Lee et al.,  Scratch and wear performance of prosthetic femoral head components against crosslinked UHMWPE 
sockets, Wear, 267, 11, 2009, 1915-1921,
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CERAMICS IN SUBOPTIMAL CONDITIONS: 
edge loading - (sub)luxation
possible (rim) fracture
stripe wear with (sharp) particles
less problematic than metal particles/ions

rim contact
stripe wear

Edge loading wear is associated with 
steep cup angles, young patients, and 
revision surgery

SQUEAKING

Owen et al
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Bioreactivity of Material Particles and Ions

Billi et al, SAS Journal 2009

Baxter et al J Biomed Mater Res B Appl Biomat 2013
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Review studies particles from TJA

1) Many: inappropriate process isolation/characterization → Tipper et al: 
‘Lifelong Joints’: European standard

2) Particles not uniform in size/shape nor homogeneous in distribution, in vivo 
and in vitro. 
- Variability in: size, shape, volume, 
- depends on: type of joint, material combination, wear mechanism, 

3) Smaller debris (PE, M, ceramic): higher inflammatory response to 
living cells

- phagocytosis is size-dependent: nanosized particles from any material
stimulate cells at high volumetric dose. 

- the size-dependent response rate weakens with lower doses.
BUT: Liu et al acta Biomaterialia 2015

μm -size UHMWPE wear particles (0.1–1.0 μm) caused significantly elevated
osteolytic cytokine release from PBMNCs compared to <50nm size particles

• different materials with different wear mechanisms in hips and knees 
• correlate findings with debris morphology/disintegration

Nine et al, Materials 2014

Nine et al, 2014

Immune Response: quantity of CD3 Ly

Ceramic - CeramicCeramic - PE

Metal - Metal
Metal - PE

Analysis of tissue reactions
Foreign body	reaction to debris
Osteolysis

CAPSULEPMMA

PE

PE

BONE

PE

Materials and Methods
Local adverse reactions to
metal wear debris
METALLOSIS and ‘PSEUDOTUMOURS’ 
+/- SOFT TISSUE AND BONE DAMAGE

Metal Allergy as cause of TJA failure
Metal Reactivity: 

Innate Immunity: non-specific 
‘foreign body’ reaction

Normal response to a large 
amount of metal particles

Metal Allergy:
Adaptive Immunity: Type IV delayed 

hypersensitivity
Abnormal response to a small amount 

of metal particles (genetic 
predisposition)

vs

ALTR
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F 51j: BHR 13 months:
Cr: 20.1µg/l – Co 15.3 µg/l

edge loading

EDGE 
LOADING

METAL IONS

Chrome 

37°C Serum 
37°C BIOLOX ®delta 

37°C CoCrMo 

µg/l 

1,861+/-0,187 
1,820+/-0,456 

4,233+/-1,789 

Cobalt 

37°C Serum 
37°C BIOLOX ®delta 

37°C CoCrMo 

µg/l 

0,646+/-0,260 
0,559+/-0,172 

177,328+/-65,597 

No ion release from AMC Marker for Cr 6+ 
(Ref. limit lab) 

in vitro 

Free 
corrosion! 

Free 
corrosion! 

In vivo 

Toni, Hip Int 2013 

Kretzer, ISTA 2014 

Kretzer, ISTA 2014 

No clinically relevant ion release from ZTA

Ceramics accumulated less biomass 
than Metal and Polymer 

S. epidermidis biofilm 
S. aureus biofilm 

Rimondini, ISTA 2015 

Trampuz, ISTA 2015 

b) ex vivo: Microbiological analysis of sonication fluid from 32 patients  
with PJI according to the type of explanted material (CFU) 

a) in vitro: Ceramics show reduced bacteria biofilm formation 
because of their surface chemico-physical properties 

Materials and Periprosthetic Joint Infections S. epidermidis 48 hrs biofilm

Sorrentino et al, Reduced bacterial adhesion on ceramics used for arthroplasty applications, J. of European
Ceramic Society, Volume 38, Issue 3, March 2018, 963-970

BIOLOX®delta BIOLOX®forte

BIOLOX®delta BIOLOX®forte

CoCrMo XLPE

CoCrMo XLPE

Scanning Electron Microscope (SEM) images: 3D-plot analysis

1

2

S. aureus 48 hrs biofilm

BIOLOX®delta BIOLOX®forte CoCrMo XLPE

PJI revisons lower with CoC (<70yrs) 

Age/Gender Adjusted 
Hazard Ratio 

p-value 
CoXP vs CoC 

1.60 (1.25-2.05) 
<0.001 

MoXP vs CoC (0-1 mos) 
2.48 (1.70-3.60) 

<0.001 
MoXP  vs CoC (1+ mos) 

1.49 (1.21-1.84) 
<0.001 

CoXP vs MoXP  
1.05 (0.83-1.33) 

=0.701 

Australian Register, Moratoglu ISTA, AAHKS 2015 

Thank You
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