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Motivation for Study

- 900,000 TJR annually in U.S. and

majority utilize UHMWPE Total
Shoulder

- Simple mechanical characterization Replacement
methods are needed for material
comparisons and retrieval analysis

- Numerous clinical formulations of Total Hip
UHMWPE in varying crosslink dose, ~Replacement

thermal treatment and antioxidant
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Correlation
between
compression and
nhanoindentation

Nanoindentation: Load-Displacement Curves
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Compression: Stress-Strain Curves
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Tribological and nanomechanical
properties of unmodified and
XL- UHMWPE for TJR.
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GUR 1020
(Orthoplastics)

UHMWPE Material Type and Manufacturer

GUR 1020 AO
(Depuy)

GUR 1020 VE
(Orthoplastics)

GUR 1050
(Orthoplastics)

GUR 1020 35kGy
(Orthoplastics)

GUR 1020 75kGy
RM

(Orthoplastics)

GUR 1020 AO
80kGy

(Depuy)

i
K™

GUR 1020 VE 50 kGy

(Orthoplastics)

GUR 1020 VE 75kGy

(Orthoplastics)

GUR 1020 VE 100 kGy
(Orthoplastics)

GUR 1020 VE 125kGy

(Orthoplastics)

GUR 1050 75kGy
RM
(Quadrant)

2 resins
(1020/1050)
Range of
crosslinking
(Doses: 35-125
kGy)

2 antioxidants:
AO and VE
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Methods: Compression and
nanoindentation

Compression testing Nanoindentation testing
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Compression Stress-Strain Acquisition

Specimen Dimension
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Nanoindentation: Load-Displacement Acquisition

A.(h)=Ch2+Ch.+C,h*Ch" (1)

Load-Displacement
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Overview: Nanoindentation Theory

Relation between load Stiffness to
and penetration Reduced-Modulus
Ri
dP
s=4 _E,
U’ ha | dh H = A
mex |- [ he N
“dn I Contact area
4Ua
p=_H4, 1 N7 ap A(h)=CH+CH+CRS A
1-v E ==
2 JA dn

I.N. Sneddon, Int. J. Engng. Sci. 3, 47 (1965) .

Reduced-Modulus (combined modulus)
to Elastic Modulus
1 1-v’ 1-0]
= +
E E E

r l N

Er: Reduced Modulus Es: Sample modulus Ei: Indenter modulus
Poisson’s ratio = 0.46 for UHMWPE [1] [1] S.M. Kurtz (2009). UHMWPE Biomaterials Handbook.
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Determination of reduced elastic modulus and hardness

Loading
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Loading Unloading
hp 1 he/2
1 1 il 1 1
200 400 600 800 1000
= Residual depth (hr) Elastic depth (he)
Displacement (nm) Max-Depth (hmax)

1200

Elastic half-space

Pm: max load.
hr: residual depth.
he: elastic depth.
hmax: depth of penetration.
hp: depth of the circle of
contact from the specimen
free surface.
he/2: distance from the
bottom of the contact to the
contact circle.
a: radius of circle in contact.

Analytical model based on the Doerner —Nix Model
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Results: Nanoindentation and compression
mechanical properties
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[ ] m T
Conclusions -+ 800 | 0.88
O
* Our study shows a strong = 750 o
. -+ 7 o
correlation between modulus = 200
measurements made though <
nanoindentation and .g 650 | e
compression. = :
g 600

Compression: E
* Nanoindentation provides a
tool for the surface
characterization of UHMWPE. Ongoing work
The method provides a valid Utilization of nanoindentation

technique to determine for the characterization of reduced

modulus and hardness across
climical formulations of

UHMWPE. ,
Correlation between surface

properties and microstructure.

modulus and hardness in retrievals.
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