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— Mechanical / fatigue resistance
« Criteria for biomaterials — Corrosion as low as possible
— Good wear resistance
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METALLIC FATIGUE RESISTANCE

With each step during walking, a load is
applied to the hip during the stance
phase of gait, then removed during the
swing phase of gait. This repetitious
application and removal of a load is
known as fatigue loading, and causes a
material to become “tired” or “fatigued.”
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* Typical fatigue resistance:
typically 50% of the tensile strength
* Fatigue fractures are extremely rare (almost
impossible) after more than 10 million cycles
e Typical number of steps per annum:
1 to 4 millions
* Fracture “time window”: 2.5 to 10 years
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METALLIC FATIGUE RESISTANCE

» Typical fatigue resistance of orthopaedic

alloys:
— Pure titanium: 200 MPa
— Cast CoCr alloys: 250 MPa
— Old stainless steels: 300 MPa
— Titanium alloys and

modern stainless steels: 550 MPa
— Wrought CoCr alloys: 800 MPa
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What can the surgeon do to reduce the risk of junction breakag
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What can the surgeon do to reduce the risk of junction breakage in
modular revision stems?

Bernd Fink, MD

Department of Joint Replacement, General and Rheumatic Orthopaedics, Orthopaedic Clinic Markgroningen gGmbif, Markgroningen, Germany
Orthopedic Department, University-Hospital Hamburg-Eppendorf, Hamburg, Germany

[Modular revision stems are very common in hip arthroplasty, but junction fracture remains a known
failure mechanism. A review of the literature with description of cases with junction breakage of]
modular revision stems showed that in all 24 analyzed cases, there was a common finding: the com-
bination of an effective osteointegration of the distal component and missing medial bone support of the
[proximal component. The result was a bending stress point of the stem construction in the region of the
junction. A technique using the combination of short distal component and longer proximal components
may alter this stress pattern, allow proximal implant support, and reduce the risk of junction fracture.

I Iling of gaps between the modular component and the medial region of the femoral calcar in

implantation, a double osteotomy in significant bowed femurs, and treating medial bone
defects with structural allografts additionally can reduce the risk of junction breakage.
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CERAMIC FRACTURE

The bioceramics used in orthopedics
implants are very hard and strong, but still
relatively brittle compared to other implant
materials. They have a high modulus of
elasticity and high compressive strength.

CERAMIC FRACTURE

Ceramic

High energy fracture

CERAMIC FRACTURE




& 101, WHIP
J¥¥e o Ceramic-on-ceramic bearing fractures in total
< .
ks hip arthroplasty
AN ANALYSIS OF DATA FROM THE NATIONAL JOINT REGISTRY

D. P. Howard, Aims

P. D. H. Wall, Ceramic-on-ceramic (CoC) bearings in total hip arthroplasty (THA) are commonly used, but

M. A. Fernandez, concerns exist regarding ceramic fracture. This study aims to report the risk of revision for

H. Parsons, fracture of modern CoC bearings and identify factors that might influence this risk, using

P. W. Howard data from the National Joint Registry (NJR) for England, Wales, Northern Ireland and the
Isle of Man.

Results

A total of 222 852 bearings (99.8%) were CeramTec Biolox products. Revisions for fracture
were linked to seven of 79 442 (0.009%) Biolox Delta heads, 38 of 31 982 (
Forte heads, 101 of 80 170 (0.126%) Biolox Delta liners and 35 of 31 258 (0.112%) Biolox Forte
liners. Regression analysis of implant size revealed smaller heads had significantly higher
odds of fracture (chi-squared 68.0, p < 0.001). The highest fracture risk was observed in the
28 mm Biolox Forte subgroup (0.382%). There were no fractures in the 40 mm head group
for either ceramic type. Liner thickness was not predictive of fﬂacture (p = 0.67). Body mass
index (BMI) was independently iated with for both head fractures (odds

ratio (OR) 1.09 per unit increase, p = 0.031) and liner fractures (OR 1.06 per unit increase,

p = 0.006).

CERAMIC FRACTURE

* Biolox Forte heads 1:1’000
—_— -
* Biolox Delta heads 1:10°000

TECHNICAL NOTE 829

Influence of contaminants in the stem-ball interface on
the static fracture load of ceramic hip joint ball heads

B Weisse'”, C Affolter', A Stutz', G P Terrasi', S Kobel”, and W Weber

"Laboratory for Mechanical Systems Engineering, Empa — Swiss Federal Laboratories for Materials Testing and
Research, Ditbendorf, Switzerland

2Metoxit AG, Thayngen, Switzerland

ed on 9 November 2007 and was

The manuscript was ccepted after revision for publication on 18 February 2008.

JEIM374 © IMechE 2008 Proc. IMechE Vol. 222 Part IL: ]. Engineering in Medicine
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Abstract: The probability of in-vivo failure of ceramic hip joint implants is very low (0.05-
0.004 per cent). Besides material flaws and overloading, improper handling during implanta-
tion may induce fractures of the ceramic ball head in the long term. This study focuses on the
influence of contaminants located in the stem-ball interface and on the use of damaged metal
tapers on the strength of ceramic ball heads. Mechanical tests on alumina ball heads according
to the standard ISO 7206-10 were performed to identify their effect on the static fracture load. A
decrease of up to 90 per cent with respect to the reference static fracture load was found when
contaminants such as bone chips, soft tissue, or blood were present. Reductions of 57 per cent
and 27 per cent were observed for deformed stem cross-sections (from circular to elliptical) and
for flattened stems respectively, making deformed stems another influential parameter. Since
any alteration of the interface between the metal taper and the ceramic ball head yields a non-
uniform load introduction and hence results in stress concentrations, its presence has to be
avoided.




CERAMIC FRACTURE

* Any contaminant between the metal stem
and the ceramic ball head must be avoided
during clinical handling since it leads to a
non-uniform load introduction in the ball
head and thus causes stress concentrations.

* A taper must imperatively be clean and dry

CERAMIC FRACTURE

M. Hintner et al, Sem. in Arthopl, 23, 2012, p. 241
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CONCLUSIONS

* Numerous aspects must be considered for
good biomaterials.

* A collaboration between surgeons and
industry will help to have better results.

* Modular stems (fatigue fracture)
and ceramic heads are
two typical examples.
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