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INTRODUCTION

In vivo oxidation confirmed for traceable THA
polyethylene components. This phenomenon
may be more relevant in TKA.

FTIR iIs commonly used to characterize
oxidation in medical polyethylene.

Raman spectroscopy and Nanoindentation
provide microstructure and mechanical
Information, respectively.



OBJECTIVE AND HYPOTHESIS

 Global

— Compare the utility of FTIR, Raman spc., and
nanoindentation to characterize mechanical
and microstructure changes due to in vivo
oxidation of historical TKA polyethylene tibial

Inserts.

« Secondary

— These techniques would allow us to detect
regional differences in the physical, chemical,
and mechanical properties



Knee Retrievals Information (n=s)

 Processing route&resin:
- Molded 1900H/Extruded GUR 415

 Implant designs:
- Miller-Gallante | and 11, Insall-Burstein 11, AGC

« Gamma-air sterilization
- Average Shelf Life: 0.6 years (0.2-1.0y)
 Average Implantation Time: 11.5 years (8.3-13.0y)

Clinical information

e Gender: 6F/2M
» Age at revision: 54-84 years

 Diagnosis at revision:
- Loosening, PE Wear, Instability, Failed Patella, Metallosis



FTIR spectroscopy

« Method
- 200 mm thick sections:

(Full Thickness)

* Medial Condyle
» Unloaded central spine

- Boiled in heptane for 6 hours
- Scanned at 0.1 mm Increments

- Max Ol (ASTM F2102-01)
- Max TVI (ASTM F2381)
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FTIR spectroscopy

« Method

- 200 mm thick sections:

* Medial Condyle
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FTIR spectroscopy

« Method

- 200 mm thick sections:

* Medial Condyle
» Unloaded central spine

- Boiled in heptane for 6 hours
- Scanned at 0.1 mm increments
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FTIR spectroscopy

« Method

- 200 mm thick sections:

* Medial Condyle
» Unloaded central spine

- Boiled in heptane for 6 hours
- Scanned at 0.1 mm increments

=)
=
@
o
c
©
o
—
o
@
e
<

CRYSTALLINE

- Max Ol (ASTM F2102-01) “ ' 1897 cm?
- Max TVI (ASTM F2381) .
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Raman spectroscopy

« Method
- Regions probed:

e Surface, Subsurface and Bulk

- Green laser line (514 nm)
Initial power 25 mW

- 1800 mm! gratings.
2cm-t spectral resolution

- Integration time (~ 420 S) 1500 1400 1300 1200 1100 1000

Raman shift (cm™)
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- Properties measured
e Orthorhombic Crystallinity
« Amorphous fraction
e Intermediate fraction
 Overall Crystallinity



Raman spectroscopy

- MethOd Region Il
Bending vibrations
\  ORTHORHOMBIC
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- Regions probed:
e Surface, Subsurface and Bulk

Arbitrary Units

- Green laser line (514 nm)
Initial power 25 mW
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Raman spectroscopy

« Method
- Regions probed:

e Surface, Subsurface and Bulk

- Green laser line (514 nm)
Initial power 25 mW

- 1800 mm! gratings.
2cm-t spectral resolution

- Integration time (~ 420 s)

- Properties measured
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INTERNAL STANDARD

Raman spectroscopy

* MethOd 'I?u?f?si:i]:g”vibrations
- RegiOr\S prObed: ~— CRYSTALLINITY
1295 cm’’
e Surface, Subsurface and Bulk

- Green laser line (514 nm)
Initial power 25 mW

- 1800 mm! gratings.
2cm-t spectral resolution

- Integration time (~ 420 s) Raman shitt (cm™

- Properties measured
 Orthorhombic Crystallinity
 Amorphous fraction I 1295
. . o, =
e Intermediate fraction
» Overall Crystallinity
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Raman spectroscopy

- Method
Stretching vibrations

- Regions probed:
e Surface, Subsurface and Bulk

AMORPHOUS
1080 cm”’

Arbitrary Units

- Green laser line (514 nm)
Initial power 25 mW

- 1800 mm! gratings.
2cm-t spectral resolution

1100 1050

- Integration time (~ 420 s) Raman shif (o'
- Properties measured

 Orthorhombic Crystallinity |
« Amorphous fraction o. = 1080
e Intermediate fraction a ( )
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 Overall Crystallinity



Raman spectroscopy

« Method
- Regions probed:

e Surface, Subsurface and Bulk

- Green laser line (514 nm)
Initial power 25 mW

- 1800 mm! gratings.
2cm-t spectral resolution

- Integration time (~ 420 s)

)
=
c
>
©
S
=
o)
[
<

1500 1400 1300 1200 1100 1000

Raman shift (cm™)

- Properties measured
 Orthorhombic Crystallinity
» Amorphous fraction — 1 _—
; _ _ ab_l (ac_l_aa)
» [ntermediate fraction
e Overall Crystallinity



Nanoindentation

« Method e
- Hemispherical tip (g 13.5 um)
- Indentation depth 4.5 um

- 0.2 mm steps
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Nanoindentation

« Method e
- Hemispherical tip (g 13.5 um)
- Indentation depth 4.5 um

- 0.2 mm steps
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RESULTS
Ol, TVI and %C

* Property profiles showed
subsurface maxima (-~ 1 mm)

» Backside less degraded than
the superior surface (p <0.03*)

e Antero-posterior faces more

degraded than bearing surfaces
(p < 0.05%)

* Paired t-tests
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RESULTS
Raman spectroscopy

e Subsurface extrema (~ 1 mm)

v" Orthorhombic crystallinity (o)
v" Overall crystallinity (o)

v Amorphous content (a.,)

v Intermediate fraction (o)
(Anomalous)

* Phase fractions higher/lower
at the superior surface (p < 0.04*)

* Higher %C and o, in the
antero-posterior faces (p < 0.03*)

* o, and o,y higher than %C (1)
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THREE PHASE MODEL

] Orthorhombic Medial Condyle
ZZAIntermediate GUR 415, Gamma air

A h
[—_1Amorphous 0.7y Shelf Life
10.1y In Vivo

2000 3000 4000 5000
Depth(um)

*Paired t-tests

TStudent t-test



RESULTS
Crystallinity contents

o | %€ | o | o
_ % C O,
Region

Antero-posterior faces: Higher %C and o, (Paired t-tests; p < 0.03*)

o, and a4 higher than %C (Student t-test")



RESULTS
Hardness and Modulus

o Oxidation Index Central Ridge 3.0
e Modulus GUR 415, Gam.ma Air
e Harder and stiffer material: woy nwwo 125

subsurface maxima (-~ 1 mm)
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 No significant differences
between superior and inferior
surfaces (p = 0. 3*)
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e Lower hardness and modulus at
the medial condyle (p <0.02%)

* Paired t-tests



RESULTS
Nanoindentation
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Nanoindentation




RESULTS
Nanoindentation




DISCUSSION

Historical TKA tibial inserts undergo oxidative,
microstructural and mechanical degradation In
VIVO. access to body fluids is a key mechanism.

FTIR and Raman spectroscopies confirm in vivo
oxidation induces crystallinity changes

Qualitative estimations (dependence with density)
3-Phase model not valid for highly oxidized PE

Nanoindentation confirms evolution to a harder
and stiffer PE, in spite of the high sensitivity to
surface defects.
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