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ulate wear debris released from articulation of the ball and socket. Formation

and release of these particulates will depend not only on the relative motion oc-

curring but also on the surface roughness of the replacement materials.

In this study we used the Atomic Force Microscope (AFM) to compare the

internal surface topography of two acetabular shells, one polished to a mirror

finish and the other unpolished (Figure 2). The ultimate goal of the study was to

determine whether a polished shell reduces the amount of wear and tear on the

ultra-high molecular weight polyethylene (UHMWPE) insert that is fitted between

the shell and the Femoral ball {Figure 1).
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Figurei. Hip Socket Replacement

Total replacement of a diseased or traumatized hip joint is fast becoming

one of the most common surgical procedures. The acetabular prosthetic shell

is gaining widespread acceptance as a socket replacement for this procedure.

Bio-materials research is providing a wealth of information regarding the life

span, wear characteristics, and performance of these replacements, with a

major clinical finding being the destruction of bone (osteolysis) at interfaces

with the implants. Osteolysis is widely thought to be associated with the partic-
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Figure 2. 3-dimensiona! AFM image ol unpolished prosthetic hip replacement
Sample courtesy of BioMet.

The Femoral ball, constructed of either Cobalt-chrome or ceramic, replaces

the worn head of the thigh bone and fits into a UHMWPE cup, which replaces the

socket. The UHMWPE sleeve fits snugly into the acetabular shell, but experi-

ences friction and abrasion due to the torsion and impact of movement by the

human body. Billions of particles of the polyethylene and shell surfaces may be

released into the socket area, collecting around the hip to cause potential abra-

sion and bone loss.

The two types of prosthetic joints used in our comparison were unused Ti

6AI 4v; one was polished and the other was not. As the measurement of

nanometer scale roughness characteristics realize increasing importance in the

life sciences, the Atomic Force Microscope (AFM} is providing 3-dimensional

data, analysis, and imaging capabilities to researchers. The AFM benefits the

analysis in the following areas:

The AFM can accurately measure in 3 dimensions with nanometer

resolution

AFM imaging may be performed in ambient room conditions.

Analysis software tools are used to acquire and present quantitative

information.

Concave or large surface areas may be sampled and imaged without

damage.

High aspect ratio probes measure height dimension accurately.

Concave surfaces have been difficult to investigate by AFM because of

probe geometries. To overcome this obstacle, a plastic replica was produced

(Figure 3) by depositing a drop of liquid nitrocellulose replicating material onto a

small area of the clean concave surface of each acetabular shell. Once dry,

double-sided tape was gently pressed onto the now solid replica, pulled away

from the surface, and placed onto an AFM sample holder.

A high aspect ratio SuperTip™ (10:1 typical) was used to scan both sam-

ples at 500 x 500 pixels. Figure 4 shows the tine profile of the replica from the

unpolished shell and compares the replica line profile from the polished shell

(Figure 5) by scaling both to the greater topography of the roughness sample

(2957 nm).

- Continued on Page 16
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Figures 4 and 5 also compare topographic views of the surface and quantita-
tive roughness values to numerically characterize the unused surfaces of the dif-
fering acetabular prosthetic shells. The unpolished surface measures a total area
height dimension of 2918.54 nm compared to only 134.71 nm for the polished
surface. Single line roughness measurements and Ra values (average departure
from a mean line) from both surfaces also illustrate these differences. AFM exam-
ination of similar surfaces after they are removed from service are expected to
reveal further information regarding material deterioration.

It is hoped that the quantitative data from these experiments may establish
a basis of study that will improve future prosthetic device performance and ensure
the highest quality of life for their recipients, •
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Figure 3. Use of replica lor AFM imaging.
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Figure 4. Unpolished shell tine profile, topographic view and roughness values Figure 5. Polished shell line profile, topographic view and roughness values
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•f VG-501 Field Emission STEM with high excitation objective lens,
bright and dark field detectors, cold stage, microdiffraction scan coils,
magnetic-sector EELS. Purchased in 1984. C.L. Foiles: (517)355-9713
or eMail Poiles@msupa.pa.msu.edu

• MILITARY RESEARCH LAB IS CLOSING - Military contractor is
sell at drastically reduced prices its Sorvall MT-28 ultra microtome, sev-
eral Bausch and Lomb stereo microscopes and a Joyce Loebl (Mdl. 3C)
and Perkin Elmer (Mdl. 1010G) microdensitometer for measuring minute
differences in density changes. For spec, sheets call (202)544-0836.

S JEOL 100C with Kevex 7000 Spectrometer. Also Philips/EDAX
9100/60 X-ray microscope spectrometer. Must Sell! Best Offer!
(601)264-9760
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tact Rockwell Automotive, 2135 W. Maple, Troy, Ml 48084. Atten: David
Donegan.
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