
H I G H C R O S S®

Different types of crosslinked UHMWPE are 
commercially available and are character-
ised by:

}radiation levels between 50 and 100 kGy,

}stabilisation temperature between 70°C 
and 160°C,

}final sterilisation with gamma-rays or inert 
methods (ethylene oxide or gas plasma).

Not all crosslinked UHMWPE provides ad-
equate performance, mainly due to low ra-
diation levels, low stabilisation temperatures 
and final sterilisation with gamma rays.

HIGHCROSS® by Medacta® is charac-
terised by:

}radiation at 100 kGy,

}stabilisation temperature of 150°C,

}controlled cooling rate in order to opti-
mise mechanical properties,

}final sterilisation with ethylene oxide.
Such innovative production strategies yield a 
high quality material with enhanced properties.
Medacta® has started long term clinical 
studies to confirm the excellent in vitro 
and first short-term results.
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} WEAR TEST
Regarding wear resistance, it has been 
widely demonstrated that crosslinked 
UHMWPE wear is not measurable using 
normal test parameters. For this reason, 
Medacta® performed wear tests, simulating 
critical conditions, matching HIGHCROSS® 
with CoCrMo heads abraded with hydroxy-
apatite powder to increase their roughness. 
The results show that HIGHCROSS® treat-
ed liners have significantly greater wear re-
sistance than standard UHMWPE liners.
Optical microphotographs of the worn sur-
face after 10 million cycles show that stan-
dard UHMWPE liners have no machining 
marks left (due to the wear process). On the 
contrary HIGHCROSS® liners still show the 
lathe machining marks5.

} MECHANICAL TEST
Regarding the mechanical properties, after 
artificial aging, HIGHCROSS® better main-
tains its mechanical properties compared to 
a 25 kGy gamma ray sterilised UHMWPE.
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It is widely recognized that early loos-
ening of prosthetic components attrib-
utable to polyethylene wear debris is 
one of the main causes of failure in the 
medium-to-long term.
In the prosthetic components, due to 
UHMWPE deformability, wear debris are of 
micrometric dimensions elongated in shape 
(fibrils) and of nanometric dimensions, more 
spheroid in shape (nanoparticles).
Recently, crosslinking technologies have 
been developed, recognising four differ-
ent steps: 

1}Radiation with gamma or beta rays at 
dose levels between 50 and 100 kGy, 
in order to achieve crosslinking.

2}Heating at temperatures between 
80°C and 160°C, to eliminate the re-
sidual free radicals generated during 
radiation.

3}Machining of the component, which 
results in the removal of the superficial 
oxidised layer.

4}Final sterilisation without radiation to 
avoid further alteration to the structure.

It has been proven that wear resistance 
increases proportionally to the radiation 
level, reaching very low wear values af-
ter 100 kGy exposure.
50 kGy radiation eliminates the micro-
metric wear particles, but not the nano-

metric particles which remain abundant.
Only with radiation levels of at least 100 kGy 
do the number of nanoparticles decrease 
when compared to the quantity produced 
by traditional UHMWPE2.
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All UHMWPE types processed as above, 
have the following features (though with 
some differences related to treatment con-
ditions): 

}extremely low wear rates,

}absence of aging related phenomena
and are indeed of great interest for clinical 
use.
Clinical trials are ongoing and the first pos-
itive preliminary results are now available1.

After 10 million wear cycles on a hip joint 
simulator, the crosslinked UHMWPE wear 
rate is nearly zero and there is a significant 
difference between the 25 kGy sterilised 
and the crosslinked material wear rate. 
Therefore, after artificial aging, there is no 
difference in the wear rate for crosslinked 
UHMWPE5.

Crosslinking occurs during radiation (in 
air or nitrogen) but there is also con-
comitant formation of free radicals.
25 kGy gamma rays sterilisation results 
in oxidation both before and after im-
plantation (even if sterilisation occurs in 
nitrogen). Oxidation causes weakening 
of the material with a drastic decrease 
in its mechanical properties. 
If after radiation the material is stabilised 

with heat treatment, free radicals can be 
eliminated.
Complete elimination of free radicals is 
achieved only if the temperature rises over 
135°C (the melting point of UHMWPE)3.
In this way, the mechanical properties 
of cross linked and stabilised UHMWPE 
remain unaltered over time and are, 
therefore, superior to those of standard 
UHMWPE, which deteriorate over time3.

W H Y  A  1 5 0 ° C  S T A B I L I S A T I O N  T R E A T M E N T

High crosslinking improves the wear 
resistance of UHMWPE, but causes a 
slight decrease in other mechanical prop-
erties.
For the same radiation level, these me-
chanical properties are strongly influenced 
by the crystallinity of the UHMWPE, which 

can vary between 42% and 54%.
Only careful control of the manufacturing 
process, particularly of the cooling rate, 
provides the best compromise for cross-
linked UHMWPE between wear resis-
tance and other mechanical properties3.

W H Y  A  C O N T R O L L E D  C O O L I N G  R A T E

After the crosslinking process and machin-
ing, the final implant has to be sterilised. 
It is evident, that in order to prevent new 
free radical formation and subsequent oxi-
dation, an inert final sterilisation process 

with ethylene oxide (or gas plasma) must 
be used.
Any sterilisation process involving gamma 
rays (even in an inert environment, such 
as nitrogen or vacuum) must be avoided4.
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Wear test results from a hip joint simulator after 10 million cycles
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Crosslinking process

RADIATION MELTING COOLING

Amorphous regions

Cristalline lamellae

Crosslinks

Residual 
free radicals

Fully amorphous

Crosslinks

Standard not aged
Crosslinked 
50 kGy aged

Crosslinked 
100 kGy aged

Gravimetric Wear rate (mg/Mc) 36.94 9.02 -1.11

Particle Diameter (μm) 0.206 0.118 0.091

Particle Surface Area (m2/Mc) 1.17 0.69 0.09

Particle Volume (mm3/Mc) 95.84 22.45 4.16

Particle Number per Mcycles (1*1012) 5.76 12.05 2.28
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