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Introduction

Implants sometimes fail in-vivo due to osteolysis, aseptic loosening or hypersensitivity.
These problems are associated with particle and ion release occurring in prostheses.

Thus the aim of this study was to accurately characterise wear particles and ions released
\from total hip joint prostheses in-vitro.
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Methods

Acetabular components
Std. UHMWPE

D

cross-linked PE (XLPE, w. vitamin E, vitamys")

-incl. artificial aging (asTMF2003)

accordingto ISO 14242-1/
Newborn calf serum, 30 g/L
+ EDTA, sodium azide

Particles and lons released!

10 mL of
used test liquid

eg. 1h@50°C

Laser diffraction
Particles: Size distribution
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Heads Q \

Stainless steel (ss, FeCrNiMaMoNbN, according to ISO 5832-9)

CoCrMo (accordingto 15O 5832-12)

trade name Bionit2, according to ISO 5 -1
Al,O; (irad 2, according to 15O 5832-12

Hip simulator from EndoLab, Germany

50 mL HCI (37 %)

ICP-MS (inductively couples plasma - mass spectrometry)

lon concentration

Filtration

~

Table: Investigated test liquids

Sample Identification Acetabulum Head Material & @  Ageing Million Wear
Material Cycles
UHMWPE(0d)-SS-1MC  UHMWPE S8 32 mm - 1 Average
UHMWPE(0d)-SS-5MC___ UHMWPE __SS 32 mm - 5 Average
Ve 14d) S5 (C R W g R 28 4 days T High
UHMWPE (14d)-SS- UHMWPE __SS 28 mm l4days 5 High
UHMWPE(14d)-CCM-IMC _UHMWPE _ CoCrMo 28 mm 14 days 1 High
UHMWPE(14d)-CCM-3MC _ UHMWPE __ CoCrMo 28 mm l4days 3 High
XLPE(0d)-5S-1MC XLPE SS 28 mm - 1 Low
3 Fleson/Extension XLPE(0d)-SS-5MC XLPE S8 28 mm 5 Low
Adducion/Abduction XLPE(0d)-CCM-1.5MC  XLPE CoCrMo 36 mm 15 Low
20 \1 Rofation / XLPE(0d)-CCM-4.5MC XLPE CoCrMo 36 mm 45 Low
XLPE(0d)-A1,0,-1MC XLPE "A,0; 36 mm 1 Low
. XLPE(0d)-Al;0,-5MC XLPE AL,O; 36 mm - 5  Low
@ XLPE(14d)-CCMAMC  XLPE CoCrMo 36 mm 4 days 1 Low
? XLPE(14d)-CCM-5MC XLPE CoCrMo 36 mm 14 days 5 Low
e XLPE(60d)-ALO;-IMC  XLPE "A,0; 36 mm 60 days 1 Low
XLPE(60d)-Al,0,-5MC XLPE A,O; 36 mm 60 days 5 Low

“ All test liquids were used for 500,000 cycles. For example, the ones collected at 1
million cycles (MC) were in the simulator between 500,001 and 1 million cycles. The
sample identification is composed of “the material of the acetabulum (accelerated
ageing)-head material-no. of applied cycles””. UHMWPE ulira-high-molecular-weight

XLPE ci linked S stainless steel, CCM CoCrMo.
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Size & Morphology by SEM

Size Distribution by Laser Diffraction
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= A small amount of ions was released either from the head or
T the test chamber. Iron originates from red blood cells too.

Table: lon Concentration® (mg/L) in the used test liquids
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Fe Ni Mn Co Mo A
J EEEER f I Detection limit DL 038-256  006-058 004-033 0005-021 0008-005 016-1.28
§¢’ & Fresh test liquid 1.03:005 <DL(020) <DL(0.04) <DL(0.08) <LOQ(0.02) <DL(0.25)
k Y v‘%“"@ PSS UHMWPE(0d)-SS-1MC 176£0.12 <LOQ(020) 0.05:0.01 <DL(0.08) <LOQ(0.02) 0.74+0.08
UHMWPE(0d)-SS-5MC 225:012 <LOQ(0.20)  0.0740.00 <DL(0.08) <DL(0.02) 0.38%0.08
XLPE(0d)-SS-1MC 1.49£0.05 <LOQ(020) 0.05:0.01 <LOQ(0.08) <LOQ(0.02) 0.35%0.03
XLPE(0d)-8S-5MC 1.2940.01 <LOQ(0.20) <DL(0.04) <LOQ(0.08) <DL(0.02) <DL(0.25)
2 B oo 55 i UHMWPE(14d)-CCM-IMC 4142038 <DL(058) <DL(033) 126£004 0074001 167004
XLPE(Od)AL0 1M UHMWPE(14d)-CCM-3MC _ 3.44:002  <DL(0.58) <DL(0.33) 0.860.06 0.08+002 142%0.09
HLPE(AL XLPE(0d)-CCM-1.5MC 100£0.03 012£001 <DL(0.04) 050001 003%0.01 021%0.02
XLPE(0d)-CCM-4.5MC 1092002 015£001 <DL(0.04) 063003 002:001 0.18+001
XLPE(0d)-Al,0,-1MC 1312019 018£001 <DL(004) 002£001 <DL(0.01) 026%002
XLPE(0d)-Al1,0,-5MC 1182008 0.13£001 <DL(0.04) 002000 <DL(0.01) 0.19%0.00

? Some concentrations were beyond the defection limit (<DL) or beyond the limit of

Partle diameter, um
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\The particle size was generally larger during the running-in and decreased in the steady state regime (1 MCyvs. 5 MC)
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quanfification (LOQ: 1 or 2 of 3 repefitions beyond the DL). The uncertainty is about 10 % of
the reported values for the main elements and higher for trace elements.

Discussion

Laser Diffraction! Why?2

+ loss of small particles through the holes in the filter
« limited resolution, contrast and visibility of small particles on filters by SEM
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Overestimation of particle diameter when examined with SEM compared to
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Diameter by Laser Diffraction, um
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Conclusions B

« Combination of SEM (morphology) and laser diffraction (size distribution) is very
powerful for the evaluation of wear particles.

« All wear particles were mostly globular and submicron in size.

« There were more elongated UHMWPE particles than XLPE particles while the
average size was comparable.

« The size of the particles decreased by increasing the number of cycles from
running-in phase (1 MC) to steady-state phase (5 MC).

« By the accelerated ageing, only the size of UHMWPE particles increased.

« lon concentration for stainless steel heads increased with increasing head sizes.
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