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OKAMURO, Yoko* Titanium Orthopedic Implants Manufactured
by Cold Forging

To develop the manufacturing process of metallic osteosynthesis devices and artificial hip joints, the effects of cold forging
conditions on microstructure and hardness of cold forged devices was investigated using grade 2 of commercially pure titani-
um. The micro cracks were not observed on forged surface, and the microstructure was fine. The hardness increased with in-
creasing the forging load, As the change on surface roughness was small, it was clear that processing time for surface finish

can be short.
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Device Used material

Osteosynihesis - Bone plate Commercialy pure Ti, Ti alloy
Bone screw - Ti alloy, Staintass steel
- Compression hip screw -Ti allay
Short femoral pail Stainless steel, Ti alloy
Intrameduliary nail Stainless steel, Tl alloy

Hip joint - Cemented stem - Hot-forged Co-28Cr-6Mo,
Cold-worked stainless steel
- Cementless stem - Ti alloy
Knee joint - Femeral compoenent - Co-28Cr-6Mo casting
- Tibial plate T alloy

Fig. 3 Main metallic materials used in orthopaedie
implants.
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{Hcp) structure {Bec)

+-— Alpha-stabilizing elements
{AL O, Zr, 8ic]

Beta-stahilizing elemants —»
[Mo, Fe, Nb, Ta, stc.]
+— Higher fatigue strength

improved fabricability —

Unalfoyed titanium | Ti-6Al-4V {IS0 5832.3) Ti-15Mo.5Zr-3A1 {130 5832.14)

(IS0 5832-2) Ti-6Al-7TNb {I1SQ 5832-11}
Grade 1 Ti-$5Zr-4Nb-4Ta (JIS T 7401-4)
Grade 2
Grade 3

Grade 4

Fig. 4 Effects of alloying elements on Ti strueture
and micrestructures of Ti materials specified
in IS0, ASTM and JIS.
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Fig. 5 (a) Tiingots and 100-mm-square billet after §
and o—f forgings. (b} Schematic illustration of
continuous hot rolling of Ti materials to obtain
rod specimens.
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Fig. 6 Lffects of test temperature on maximum
strength (on.) obtained by high-temperature
tensile tests.
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Fig. 7 Cold forged devices (Bone plate L, Bone plate
S, Stem by plate and Stem by bar).
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b) after cold forging

a) before forging

Fig. 8 Microstructure of forged stem (x200).
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Fig. 9 Hardness Variation.
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(b) Cold forged devices

TFig. 11 Surface roughness measurement result.
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