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INTRODUCTION

By Timothy McTighe
Editor

Recently there has been considerable discus-
sion, debate, and controversy concerning the
term fretting. What is fretting and what
clinical/ surgical concern should there be as
a result of fretting? Fretting is particulate
debris generated by abrasion of two surfaces.
However, is fretting the real issue of concern
or is it osteolysis?

The most common cause of proximal, femoral
bone loss is due to osteolysis. Although the
specific cause of lysis is not known, it has
been attributed to a variety of factors, includ-
ing motion of the implant, foreign body reac-
tion to particulate debris and hypersensitivity
to metal. Femoral osteolysis is well docu-
mented with many loose and some well fixed
cemented total hip arthroplasties. Particulate
debris of polyethylene and/or
polymethylmethacrylate seem to be respon-
sible for causing this phenomenon. Osteoly-
sis is now recognized to occur with
cementless femoral components. It has
occurred around loose as well as rigidly fixed
femoral implants. Osteolysis is a potential
problem common to all femoral components,
independent of their metallurgy, design, or
means of fixation whether cemented or
cementless. The common underlying pathol-
ogy in all cases is the host’s response to the
presence of particulate debris. Particulate
prosthetic debris and its potential biological

response is of growing interest to all total
joint surgeons. In light of this concern, JISRF
is publishing this report in an attempt to
help clarify and understand this perplexing
problem.

We look forward to your questions and con-
cerns regarding this issue and will make
every attempt possible to respond to your
needs.

TORSIONAL RESISTANCE AND
WEAR OF A MODULAR SLEEVE /
STEM HIP SYSTEM

Stephen D. Cook, Ph.D.
Tulane University School of Medicine
New Orleans, LA

Maximum metaphyseal fill with good contact
of dense bone enhances mechanical fixation
and bone ingrowth in porous coated hip
replacement. In order to improve initial fit
and fill, the S-ROM™ Total Hip System (Joint
Medical Products Corporation, Stamford, CT)
was developed with modular proximal sleeves
and stems to allow the surgeon to “custom-
ize” the implant to the individual patient.
However, concerns have arisen as to the
torsional resistance of the sleeve/stem as-
sembly and the potential for significant wear
debris generation at this interface.

In total hip replacement considerable torque
is generated against the femoral component
in daily activities. Recently, using a




telemeterized femoral prosthesis implanted
into an elderly 275 Kg (125 1b.) woman, in
vivo torques were reported as high as 22 Nm
(194.7 in-1b.) during activities such as stair
climbing. In addition to having to withstand
considerable torque, modular proximal
sleeves and stem components introduce a
metal/metal interface to the biological envi-
ronment and the possibility of wear debris
generation.

Fretting is the mechanical process whereby
high contact stresses between two surfaces
together with relative tangential, cyclic
micromovements cause local removal of one
or both surfaces. The fretting debris is usu-
ally trapped first, causing further surface
destruction and particulate generation. For
implant metals the passive oxide surface
layer which protects subsurface metal is
removed and corrosion in body fluids is
greatly enhanced.

Implant wear debris can stimulate cells to
elaborate agents capable of causing resorp-
tion of osseous tissue at the bone/implant
interface. Investigations indicate that all of
the orthopaedic biomaterials (metals, poly-
mers and ceramics), when present in particu-
late size range small enough to be phagocy-
tosed (less than about 10 microns), can elicit
this biological response. Modular hip proxi-
mal sleeves and stems may result in the
generation of interface metallic wear debris.

We have studied the torsional resistance of
the bone/sleeve and sleeve/stem interfaces
of the S-ROM™ Total Hip System and quanti-
fied the number and particle size distribution
of wear debris generated during cyclic load-
ing and physiological levels. The results
indicate that the sleeve/stem interface of the
S-ROM™ system is capable of withstanding a
physiologic torque of 18-28 Nm under ideal
conditions. Several samples underwent
repeated disengagement and reimpaction of
the stem into the sleeve as described in the
surgical guide using appropriate instrumen-
tation. This resulted in a decrease in maxi-
mum torque to interface slippage to 15-18
Nm. Contamination of the sleeve/stem inter-
face with blood and fatty elements also re-
sulted in a significant decline in the resis-

tance to torsional slippage.

Axial and torsional cyclic wet testing of the
S-ROM™ sleeve/stem system resulted in the
generation of significant wear debris. The
wear debris generated during axial fatigue
testing within the saline solution was rela-
tively uniform in size with 99.8% of the
particles in the range 0.255-1.915 microns.
The war debris adherent to the sleeve and
stem interface surfaces was slightly less
uniform in size with 99.8% of the particles in
the range 0.098-4.012 microns. Approxi-
mately 8.32 x 101 wear particles were gener-
ated and collected in the axial fatigue test
specimen.

A significant amount of wear debris was also
generated during torsional fatigue testing of
the sleeve/stem system. Again, the wear
debris was uniform in size with 99.0% of the
particles in the range 0.6902.306 microns.
The wear debris adherent to the sleeve and
stem interfaces was slightly less uniform in
size with 99.0% of the particles within the
range 0.669-4.282 microns. There were fewer
total wear particles generated during the
torsional testing (3.5 x 10°) which is most
likely the result of significantly milder load-
ing conditions.

Scanning electron and optical microscopy
revealed significant wear and abrasion of the
stem and sleeve surfaces. Wear and abrasion
was observed primarily at the proximal and
distal regions of sleeve/stem contact, and in
areas of contact of the sleeve/stem compo-
nents. Surface analysis also indicated mini-
mal surface contact of the surfaces which
may be the result of poor machining toler-
ances or distortion of the sleeve component
due to the high temperature sintering pro-
cesses used to apply the porous coating to
the sleeve.

Our findings indicate that implants having
modular proximal sleeves may be prone to
slippage under physiologic loading condi-
tions. Slippage of the sleeve/stem interface of
the S-ROM™ system occurred in one half of
our specimens under ideal conditions below
torques reported for an elderly woman.
Larger patients would most likely subject the




interface to higher torques because of both
greater body weight and larger stem head
offsets. The recommended feature of read-
justing stem anteversion by repeated disen-
gagement and impaction of the sleeve/stem
interface should be discouraged because of
the significant reduction in torsional resis-
tance. Clinically, before assembly the stem/
sleeve interface should be free of surface
contaminants to provide maximum torsional
resistance.

Our results also indicate that substantial
wear debris are generated during both axial
and torsional cyclic loading of the sleeve/
stem interface. The majority of particles
produced by the testing were much below 5
microns in diameter. Particles below this size
are more likely to be ingested by macroph-
ages and have been associated with osteoly-
sis, joint pain, and implant loosening. Based
upon the findings of our studies, the implan-
tation of any type modular system must be
carefully considered.

STRENGTH, STABILITY AND WEAR
ANALYSIS OF A MODULAR
TITANIUM FEMORAL HIP
PROSTHESIS TESTED IN FATIGUE

By
J.D. Bobyn, Ph.D.
Montreal, Canada

Materials and Methods The modular implant
(S-ROM™, Joint Medical Products Corp.,
Stamford, Ct.) was fabricated from Ti-6A1-4V
alloy and consisted of a sintered proximal
sleeve that connected with a grit-blasted
stem via a Morse taper. The in vitro experi-
ments were performed with 30 implants
under both dry and wet environments using
a test setup that was designed to simulate
proximal fixation of the device at the
sleeve-bone interface only, with distal sup-
port against the lateral endosteal cortex. A
porous coated sleeve was combined with an
11 mm stem size (36 mm neck length and a
150 mm body length) in all tests. To establish
baseline mechanical properties two series of

tests were performed in air at room tempera-
ture: one with direct vertical loading and one
with a compound loading angle directed at
15 degrees out of plane (to simulate torsional
physiological loads). Head loads ranging from
800 to 1400 lbs were delivered at 10 Hertz by
an Instron apparatus to establish the stem
endurance limit. The wet tests were con-
ducted in a saline chamber with physiologic
loading of 400 lbs applied 20 degrees out of
plane for 20 million cycles. After each test,
the sleeve was carefully sectioned and re-
moved from the stem to allow examination of
contact areas by optical stereomicroscopy
and scanning electron microscopy (SEM). The
same examination protocol was used with 5
stems retrieved from patients after 1 to 6
years of implantation. Saline samples ob-
tained from the wet chambers were analyzed
using a sophisticated particle counting tech-
nique based on impedance discharge tech-
nology (electrozone method). Rotational
stability of the stem with respect to the sleeve
was constantly monitored during testing with
a linear voltage displacement transducer
(LVDT).

Results In the dry fatigue tests, the stem
endurance limit (load at 100 million cycles
with fracture) was between 1000 and 1100
Ibs for both load angles. Using high sensitiv-
ity displacement monitoring (detection limit =
100 pm), no relative motion was detected
between the stem and sleeve for any tests.
Upon inspection of the Morse taper surfaces,
it was generally observed that contact areas
between sleeve and stem were quite random
and much less uniform than expected. The
areas of high pressure contact between sleeve
and stem were most evident at the proximal
medial and distal lateral aspect of the sleeve.

Examination of the contact areas under SEM
revealed surface modification (burnishing of
the grit-blasted surface and oxidation) with
occasional evidence of loose wear debris. The
saline environment tests at 400 1bs also
revealed random and surprisingly low con-
tact areas between stem and sleeve. Re-
trieved human implants (up to 6 years after
surgery) showed minimal stem and sleeve
surface modification that was uniformly less




than observed in vitro. The particle analysis
of the wet environment tests yielded particle
counts in the saline chamber up to twenty
million, but the technique was unable to
discriminate between metal and non-metal
particles (arising from background contami-
nation).

Total particle volume was only on the order of
5x10® mm?3, because of the small average
particle size of about 1 pm. Assuming all the
particles were titanium alloy (a worst case
assumption since the background particle
count for plain saline alone was several
hundred thousand and contamination from
the test setup was inevitable), an upper
bound on the particles generated during the
20 million cycle fatigue tests was calculated
to be 50- 100 g x 10°®.

Discussion and Conclusions

* The S-ROM modular hip implant shows
adequate fatigue strength and secure locking
of stem and sleeve components.

* Fretting (defined as < 25 pm of cyclic rela-
tive motion) scars develop at the small con-
tact areas of the stem-sleeve interface in the
presence of gross component stability.

* This results in surface modification and the
generation of particulate debris. In vitro
surface modification was greater than that
observed with human retrievals.

* Particulate debris would probably be re-
duced by improving component surface finish
and quality of fit.

» The particle levels generated in the wet
tests are substantially less than the levels of
polyethylene particles generated in the hip
due to acetabular cup wear (based on a
linear wear rate of 0.2 mm/yr and particle
size range of 0.2 to 20 pm).

* Fretting and debris formation are inevitable
at the hip prostheses modular junction.
*There is a general lack of understanding
about the level of metallic particulate debris
that may be biologically active or inactive.

ISSUES IN COMMERCIALLY
AVAILABLE UHMWPE

Stephen Li, Ph.D.
Biomaterials Program Manager
Du Pont Polymers Experimental Station
Research & Development Division
Wilmington, Delaware

Ultra high molecular weight polyethylene
(UHMWPe) has been the orthopaedic bearing
material of choice for over 15 years. However,
as it has become evident that debris from
UHMWPe can lead to implant loosening’,
more attention has been paid to the mecha-
nisms that lead to polymer damage in both
acetabular and tibial components. There are
ASTM guidelines for medical grade UHMWPe
for use in implants but they only provide
minimum values and do not address some
properties important to observed damage
mechanisms. It is worth noting that the
guidelines for medical grade UHMWPe are
not directly performance related. Important
design material properties such as yield
strength and modulus are not guidelines. It
is probable that a portion of the differences
seen in in vitro wear tests and in retrieval
analysis are due to these material property
and processing differences. With few excep-
tions?? little attention has been paid to the
nature of medical grade UHMWPe and the
possible variations in material properties and
quality that can occur in commercially avail-
able materials. This work addresses methods
of characterizing UHMWPe and compares
several commercial sources of material.
These variations have direct implications on
the performance of the polymer in total joint
replacement applications.

Variations in Commercially
Available UHMWPe

Several graded and lots of commercially
available medical grade (implant quality)
UHMWPe were obtained for testing along
with the appropriate certifications from the
suppliers. The materials included 415 GUR,
412 GUR (Hoechst/ Celanese), 1900cm
(Himont) and Hylamer® (Du Pont)




Orthopaedic Bearing Polymer. The materials
were characterized chemically (density,
melting point, crystallinity, impurities) and
physically (tensile modulus, yield strength,
ultimate tensile strength, elongation to break
and creep at 1000 psi) and then compared to
certification values when possible. Further,
optical evaluations were done to assess the
quality of these materials. Materials were
received in the form of 3" diameter cylindrical
rods obtained from Poly He, Westlake Plastics
and Du Pont. All materials were received with
certification of physical and chemical proper-
ties. Tensile and flexural related tests were
done in accordance with ASTM D638 guide-
lines with Type I tensile bars. Creep mea-
surements were done in accordance with
ASTM D621. Density measurements were
conducted as described in ASTM D 1505.
Sectioned slices for visual inspection were
obtained using a Reichert-dJung 2040 micro-
tome.

We found that there is a wide range of prop-
erties and quality of medical grade UHMWPe
that can be obtained. There are extremely
large physical property differences between
the various grades of UHMWPe. The varia-
tions within a grade can also be significantly
large. The magnitudes of the variations in
important criteria such as the yield strength
and creep of the materials are large enough
to potentially influence the performance of
the material in a joint replacement. In aver-
age overall types of conventional medical
grade UHMWPe, yield strength varies 25%,
modulus varies from 170 - 230 kpsi (35%)
and creep varies over > 100%. We have also
found that sheet stock material can be differ-
ent from rod stock. These material variables
have not been included in assessing the
damage mechanisms of UHMWPe.

Optical examination of cross sections of
materials shows there is often unconsoli-
dated UHMWPe particles in the stock shape.
These unconsolidated particles may lead to
pitting, fracture or other observed types of
damage.

To date, most of the attention has been
focused on the physical properties of the
material and little attention has been paid to

the chemical degradation, in the form of
oxidation, that is also occurring during use.
Chemical degradation of UHMWPe may be an
important factor in the damage rate of im-
plants, especially at long implant times.*
Earlier, we reported a Fourier Transform
Infrared Microspectrometric (FT-IRM) Tech-
nique for assessing the level of type of oxida-
tion found in UHMWPe.?°

We report here detailed analysis of the oxida-
tion state of commercial implants prior to
implantation and analysis of retrieved knee
and hip components at different implant
durations. We also compare the relative
chemical resistance of two UHMWPe samples
of different crystallinity. The FT-IRM method
allows us to assess the levels and locations of
oxidation in both retrieved acetabular and
tibial components. In general, we find that
high levels of oxidation are almost always
associated with high levels of damage in both
acetabular and tibial components. The extent
of oxidation also appears to increase with
both increased stress and increased implant
duration.

All microspectrometric measurements were
obtained using a Digilab 60A FT-IR spec-
trometer with a UMA 300 IR microscope
(Cambridge, MA). Spectra were obtained at a
resolution of 4 cm!, for 100 scans with a
narrow range MCT detector. The microscope
was equipped with a 4 x 4 motorized state,
capable of accurately moving 10 micron
steps. The adjustable sperture, was set to 50
um x 200 pm. A Reichert-Jung 2040 micro-
tome was used to make 250 um
cross-sectional slices of the samples. Spectra
were obtained at depths from O pm to 2000
um below the surface.

Studies on the degree of oxidation are done
by examining the carbonyl bands between
1700 cm™ and 1750 cm™) and the ester,
ketone and acid bands occurring at 1738
cm™?, 1720 cm! and 1697 cm™ respectively.
The overall peak area of the entire carbonyl
band is determined between 1800 cm™ and
1660 cm™. The data is normalized for sample
thickness. This area is a measure of the
extent of oxidation.




We find in studying commercially available
implants prior to implantation, that the level
of oxidation in some components is very high
prior to use. This may be due to the type or
quality of UHMWPe used, the sterilization
methods and the thickness of the compo-
nent.

We find the level of oxidation in retrieved
acetabular and knee components is signifi-
cantly higher than a corresponding new
component. The extent of oxidation generally
follows the extent of damage. The more
severely damaged the component, the higher
the level of oxidation. In acetabular compo-
nents we find that the inside (articulating)
surface is much more oxidized than the
outside surface. In tibial components we find
that the level of oxidation increases with time
and is highest in areas of higher stress.
Interestingly, we also find that the maximum
level of oxidation in tibial components is
found 1-2 mm below the surface the same
area as predicted to have maximum stress.

It is expected that increasing the crystallinity
of UHMWPe will improve the resistance to
degradation. This has been demonstrated by
exposing two samples of UHMWPe with
different crystallinity and morphology to a
strong oxidizing acid, chlorosulfonic acid.
This acid turns UHMWPe black as it oxidizes.
By measuring the depth of acid penetration
with time, an oxidation rate can be obtained.
UHMWPe of 50% crystallinity was 415 GUR
The 75% crystalline material was enhanced
UHMWPe, Hylamer@ Orthopaedic Bearing
Polymer. The acid oxidized the more crystal-
line material at a slower rate.

Oxidation is a phenomenon that is strongly
associated with the damage of UHMWPe.
Oxidation of UHMWPe changes the chemistry
of UHMWPe which may make it more suscep-
tible to further damage. The rate and extent
of oxidation may also be increased with
increased stress. Oxidation may be a strong
influence on the damage mechanisms of
UHMWPe components, especially at long
implant times.

It is evident from our studies that ASTM
certified conventional UHMWPe can be highly

variable in properties and quality. These
variations are of a magnitude that may sig-
nificantly influence the generation of polyeth-
ylene debris. Further, the oxidative state of
UHMWPe in devices prior to implantation are
also highly variable and may contribute to
accelerated polyethylene damage.

In order to improve upon the conventional
UHMWPe currently being used, a new mate-
rial should provide improvements in creep
resistance, chemical stability, quality, and
strength without sacrificing other material
properties. An offering that fits the criteria is
Hylamer@ Orthopaedic Bearing Polymer
made by DePuy - Du Pont Orthopaedics®
which has been introduced into the market-
place as a bearing surface for acetabular
liners. Hylamer® has improved creep resis-
tance (50% improvement at 1000 psi load),
increased yield strength (30%), increased
tensile and flex modulus (ca 100%) over that
of conventional UHMWPe. Further, its in-
creased crystallinity has been shown to
provide greater resistance to very strong
oxidizing reagents and high doses of gamma
irradiation. Hylamer® also has the highest
known quality control standards of an ortho-
paedic bearing material.
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THE EFFECTS OF IMPLANT
WEAR DEBRIS AND HUMAN
BONE CELL PROLIFERATION:

IN VITRO ANALYSIS

By William L. Lanzer, M.D.,
Guy A. Howard, Ph.D., Scott F.M. Duncan
Seattle, Washington

Purpose This is the first study to use human
bone cell cultures to investigate the
biocompatibility of clinically relevant wear
particulates, i.e., in terms of particle size and
shape as demonstrated in vivo. Several
investigators have reported significant levels
of implant wear debris at revision surgery




implicating wear in osteolysis and loosening.

Methods

We used normal primary human bone cell
cultures to characterize the metabolic re-
sponse to various implant materials in par-
ticulate form. We feel the inhibition of cell
growth as measured by [*H] TdR incorpora-
tion during DNA synthesis, is a sensitive and
valid way of determining the relative effects of
implant materials on cell proliferation. In
vitro models focus on the simulation of the in
vivo environment. Since frictional heading
during artificial hip joint articulation, as
shown by Bergman, may potentially effect the
response of the host-to-wear particulates,
temperature was an additional variable.

Results

There was a definite inhibitory effect on the
rate of bone cell proliferation with all the
particles tested and with temperature eleva-
tions. Total cell counts reflected a 40% de-
crease in cell proliferation as compared to
37°C. This inhibitory effect was dose depen-
dent and statistically significant when tested
at specific concentrations. Elevated tempera-
ture appears to potentiate the metabolic
response of bone cells to wear debris.
Ti-6Al-4V particulates demonstrated the least
inhibitory and the stainless steel particulates
the most inhibitory effect. Inhibition was
detected only with physical contact between
cell and particulate. Conditioned media
(pre-incubated with particulates) also did not
affect proliferation. Although there was a
reduction in the proliferation of cells as
determined by DNA synthesis, the cells did
not appear to be dying as judged both by
microscopic examination and alkaline phos-
phatase level per cell. A decrease in enzyme
activity with the addition of the particles was
about the same ratio as with the decrease
seen in DNA synthesis.

Discussion

Since both cells are known to produce
autocrine and/or paracine growth factors in
vitro (e.g. TGF, IGF-I and -II) cell proliferation
inhibition could be due to adsorption of these
factors by particulates. Since physical con-
tact was necessary for inhibition in our

assay, adsorption did not appear to be the
mechanism of inhibition. While the size of
particulates has been shown to be in the
range of 2-10 pm in vivo, the concentration
at interfaces between bone and fibrous tis-
sues, and fibrous tissues and implant is
unknown. The cells in our assays appear to
respond in a dose dependent manner, thus
in vivo concentration becomes important.
The fibrous membrane around prostheses in
vivo may act as a physical barrier to mitigate
the effects of particulates. The fact that
hydroxyapatite significantly inhibited bone
cell proliferation is not surprising since
hydroxyapatite crystals in synovial joints
induce intense inflammatory reaction (as in
the Milwaukee Shoulder).

Conclusion

It is concluded that some characteristic
unique to each biomaterial particulate has
an inhibitory effect on bone cells. We are
actively investigating the interesting effects of
both temperature elevation and particulate
characteristics focusing on the mechanisms
of cellular inhibition.

CERAMIC IMPLANTS - BELATED
ANSWER TO OSTEOLYSIS
CONCERNS

lan C. Clarke, Ph.D.
Kinamed, Inc.

Why should we consider the more expensive
ceramic femoral ball for total hips? Isn’t
there a real risk of catastrophic fracture, and
is the added expense justified?

Some of this ceramic risk/benefit rationale
ties into reduce polyethylene wear with
associated osteolytic potential, and to the
newly identified risk of metallic debris from
the use of modular titanium and cobalt alloy
femoral balls. There is a renewed awareness
of the peri-implant destruction caused by
debris-mediated osteolysis (Clarke and
Campbell, 1989). With the advent of
porous-coated titanium implants, the pro-
pensity for shedding of metallic debris with




3-body abrasive wear of both Ti-6AI-4V balls
and accelerated UHMWPe wear has caused
many concerns (Agins et al, 1988; Anthony et
al, 1990; Nasser et al, 1990; Dorr et al, 199
1). As an obvious knee-jerk reaction, it has
now become popular to advocate “improved
coatings” for metallic balls (anodizing,
ion-bombarding, nitriding, etc.).

However, in a further escalation of concerns
over metallic debris, European authors have
now described crevice corrosion with modu-
lar CoCr balls mounted on CoCr stems, with
release of metal particulates into the joint
space (Mathieson et al, 199 1). In the USA,
several centers are now describing galvanic
corrosion with the combination of Ti-6AI-4V
stem and modular CoCr ball (McKellop et al,
199 1; Collier et al, 199 1). Concerns here
relate to the two findings a) that it has 100%
occurrence in implants with over 2 years
implantation, and b) the corrosion phenom-
enon is progressive!

The first recorded use of the ceramic ball was
in France as a non-modular stem design by
P. Boutin in 1970. However, the modem
history evolves from the modular,
morse-taper designs popularized by Drs. P.
Griss and H. Mittlemeier in Germany, circa
1973. These innovators visualize the alumina
ceramic as a very inert, corrosion-free mate-
rial with virtually a diamond-hard surface for
good biocompatibility, low-friction and excep-
tional wear resistance. Early experiences
combined with the use of ceramic acetabular
cups (threaded-cup designs) were mixed,
with some cases featuring component frac-
tures and accelerated ceramic wear (Walter
and Plitz, 1985; Cameron, 1991). However,
modem designs of alumina ceramic ball
combined with UHMWPe bearings have
shown clinically 2-4 times Pe-wear reduction
compared to metal balls (Clarke and Kabo,
199 1). In addition, there has been zero
recorded incidence of corrosion problems at
the morse-taper interfaces (L. Sedel, 1991: P.
Bosch, 1991 - personal communications).
Thus the ceramic ball appears to confer a
clinically significant, increased protection
from Pe-debris and eliminated the release of
metallic corrosion products as demonstrated
over an 18-year history.

Given the above comparisons between modu-
lar ceramic and CoCr balls, the surgeon may
wonder why then has the ceramic ball not
been more popular in North America? The
answer predominantly lies in the fact that
the FDA did not reclassify the alumina ce-
ramic: UHMWPe total hip until January of
1989, and thus the approval processes oc-
curred after this period. The alumina ceramic
approvals were followed in 1990 by approval
of zirconia ceramic balls.

Are the ceramic balls safe to use? The initial
testing regime used in various 5 1 OK appli-
cations to the FDA was to subject the ce-
ramic balls to a high level of cyclic loading for
10 million cycles. Fatigue loads of over 40kN
(almost 9,000 lbs.) were used initially as a
stringent criterion, with the balls expected to
pass 10 million cycles without failure. The
represented a safety margin of over 50 times
(patient weight = 180 lbs. avg.). Despite this,
at least three ceramic ball fractures have
occurred in North America, one a sterilization
mishap, one a traffic accident, and one
unexplained (Cameron et al, 199 1). Now that
the ceramic 5 1 OK applications can get FDA
approval with fatigue loads as low as the
3.5kN range (900 lbs.), there may well be an
increased risk of fracture with certain de-
signs in the future. The alumina ceramic ball
has certainly fulfilled expectations with over
18 years of clinical history. However, the
introduction of the new ceramic zirconia
comes with very little history. Thus, with
various claims that it has improved wear
resistance, the surgeon needs to be fully
aware the zirconia has little or no clinical
history and also that it is labelled as
“partially-stabilized zirconia,” meaning that
there has been concern that the material
could degrade (Christel et al, 1990).

From the surgeon’s point of view, there must
also be total awareness of the uniqueness of
ceramic design features. Given the specific
features of taper-cone diameter, taper angle,
specific contact-zones and tolerances, it is
not possible to mix-n-match from one
manufacturer’s design to another. Even if the
ceramic ball from one brand appears to fit
nicely onto the femoral stem of another
brand, do not take this risk.




So overall, it would appear that the approval
and use of ceramic balls comes fortuitously
at a time when the modular Ti-6A1-4V and
CoCr balls have become increasingly suspect
as one of the sources of the metallic debris
implicated in the accelerated wear (3body
abrasion) of the UHMWPe bearings. In addi-
tion, the ceramic balls have lower friction
and much reduced Pe-wear which offers
significant reduction of Pe-driven osteolysis.
However, this technology comes at a price
($300-700 over CoCr ball price) and poten-
tially could result in a small incidence of
ceramic fractures. Thus the test standards
must be maintained at a high level and the
surgeons must respect the labelling require-
ments and resist the temptation to
mix-n-match between brand names. Given
these caveats, it would appear that the re-
placement of a metal femoral ball with ce-
ramic will confer clinically significant im-
provements to the longevity of the total joint
replacement.

SUMMARY

By
Guy T. Vise, M.D.
Jackson, Mississippi

The incidents of cementless osteolysis ap-
pears to be more than anticipated versus
cemented stems compared to the same clini-
cal time period. This perplexing problem
must be addressed if we are to achieve 20
year plus survivorship of cementless im-
plants.

There are many design features available on
cementless total hips today however, we are
still very limited in our selection of materials.
We now know modularity is a site for genera-
tion of particulate debris. We must be careful
in our selection of modularity to insure that
we do not extend the risk benefit ratio be-
yond reasonable approaches. In a revision
situation it is desirable to have many intra-
operative options. However, routine primary
surgery particularly in a patient with a life
expectancy over 20 years may be a different

situation. Do we really need to consider using
excessive modular sites that can generate
increased particulate debris for these routine
cases or can we accomplish the reconstruc-
tion with a more conventional one piece
stem? Can we modify, improve or strengthen
all modular connections such that wear
debris will not present itself as a clinical
problem? Answers are not yet in.

It is becoming more and more obvious to
many that we should do more to reduce the
generation of particulate debris. This can be
accomplished by the following actions:

* Use modularity only when needed.
* Do not use titanium as a bearing surface.

¢ C.C. or ceramic should be used. Consider
ceramic in younger patients.

* Careful consideration on acetabular compo-
nent design.

* Quality UHMWPe in all patients.
* Thick poly in younger patients.

These are actions that we, as surgeons, can
initiate now. We also need to continue to
encourage orthopaedic industry to spend
money in research and development to de-
sign and develop new and improved materi-
als.

Some have called the 90’s the decade of poly
wear or particulate debris. How fast can we
alter that picture and prevent unexpected
surprises? Remember, for our patients the
best surprise is no surprise at all!




SUGGESTED READING REFERENCES

1. Aldinger G, Gekeler J: Aseptic loosening of
cement-anchored total hip replacements. Arch
Orthop Trauma Surg 100: 19, 1982

2. Bago-Granell J, Aquirre-Canyadell M, Nardi J,
Talada N: Malignant fibrous histiocytoma of bone
at the site of total hip arthroplasty. J Bone Joint
Surg 66B:38, 1984

3. Benson MKD, Goodwin PG, Brostoff J: Metal
sensitivity in patients with joint replacement
arthroplasties. Br Med J 4:374, 1975

4. 136sch P, Kristen H, Zweynifiller K: An analysis of
119 loosenings in total hip endoprostheses. Arch
Orthop Trauma Surg 96:83, 1980

5. Brown G, Locksmith M, Salvati E, Bullough P:
Sensitivity to metal as a possible cause of sterile
loosening after cobalt-chromium total hip replace-
ment arthroplasty. J Bone Joint Surg 59A: 164,
1977

6. Brown 1, Ring P: Osteolytic changes in the upper
femoral shaft following porous-coated hip replace-
ment. J Bone Joint Surg 67B:218, 1985

7. Brown SA, Hughes PJ, Merritt K: In vitro studies
of fretting corrosion of orLhopaedic materials. J
Orthop Res 6:572-579, 1988

8. Brown SA, Merritt K, Fransworth LJ, Crowe TD:
Biological significance of metal ion release. In:
Quantitative Characteristics and Performance of
Porous Implants, ed by JE Lemons, ASTM STP
953, 1988, pp 163-181

9. Brown SA, Farnsworth LJ, Merritt K, Crowe TD:
In vitro and in vivo metal ion release. J Biomed
Mater Res 22:321-338, 1988

10. Buchert PK, Vaughn BK, Mallory TH et al: Exces-
sive metal release due to loosening and fretting of
scintered particles on porous-coated hip prosthe-
ses. J Bone Joint Surg 68A:606, 1986

11. Bullough PG, Vigorita VJ: Tissue response of
artificial joint implants. p. 82. In: Atlas of Ortho-
pedic Pathology. University Park Press, Baltimore,
1984

12. Carlsson A, Gentz CF, Linder L: Localized bone
resorption in the femur in mechanical failure of
cemented total hip arthroplasties. Acta Orthop
Scand 54:396, 1983

13. Carlsson A, Magnusson B, Muller H: Metal
sensitivity in patients with metal to plastic total
hip arthroplasties. Acta Orthop Scand 51:57,
1980

14. Charnley J: The histology of loosening between
acrylic cement and bone: proceedings and reports
of universities, colleges, councils and associa-
tions. J Bone Joint Surg 5713:245, 1975

15. Cohen J: Assay of foreign-body reaction. J Bone
Joint Surg 4 1A: 152, 1959

16. Coleman RF, Herrington J, Scales JT: Concentra-
tion of wear products in hair, blood, and urine
after total hip replacement. Br Med J 1:527-529,
1973

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Cook SD, Gianoli GJ, Clernow AJT, Haddad RJ
Jr: Fretting corrosion in orthopaedic alloys.
Biomater Med Dev Art Org 11: 281-292, 1983
Deutman R. Mulder J, Brian R, Nater J: Metal
sensitivity before and after total hip anhroplasty.
J Bone Joint Surg 59A.862, 1977

Dielert E, Milachowski K, Schramel P: Die
Bedeuntng der 1 egierungsspeziflschen elemente
lesen, kobalt, chrom and nickel fur die aseptische
lockerung von huftgelenkstotalendorothesen. Z
Onhop 121:58, 1 983

Eftekhar NS, Doty SB, Johnston AD, Parisien MV:
Prosthetic synovitis. In: The Hip. CV Mosby, St.
Louis, 1985

Elves MW. Wilson JN, Scales JT, Kemp FIBS:
Incidence of metal sensitivity in patients with
total joint replacements. Br Med J 4:376, 1975
Escalas F, Galante J, Rostoker W, Coogan P:
Biocompatibility of materials for total joint
replacement. J Biomed Mater Res 10: 175, 1976
Evans, EM, Freeman MAR, Miller AJ,
VernonRoberts B: Metal sensitivity as a cause of
bone necrosis and loosening of the prosthesis in
total joint replacement. J Bone and Joint Surg
56B(4): 626-642, 1974

Galasko CS, Bennet A: Relationship of bone
destruction in skelatal metasases to osteoclastic
activation of prostaglandins. Nature 263:508,
1976

Garrett R, Wilksch J, Vernon-Roberts B: Effects of
cobalt-chrome alloy wear particles on the mor-
phology, viability and phagocytic activity of
murine macrophages in vitro. Aust J Exp Biol
Med Sci 61:355, 1983

Goldring S, Schiller A, Roelke M et al: The
synovial-like membrane at the bone-cement
interface in loose total hip replacement and its
proposed role in bone lysis. J Bone Joint Surg
65A:575. 1983

Gowen M, Wood DD, Thrie EJ et al: An interleukin
1 -like factor stimulates bone resorption in vitro.
Nature 306:378, 1983

Hamblyn DL, Carter RL: Sarcoma and joint
replacement. J Bone Joint Surg 66B:625, 1984
Harris W, Schiller A, Scholler J et al: Extensive
localized bone resorption in the femur following
total hip replacement. J Bone Joint Surg
58A:612, 1976

Harms J, Mausle E: Tissue reaction to ceramic
implant material. J Biomed Mater Res 13:67,
1979

Heath JC: Interactions of particulate metals with
living tissues. p. 49. In Williams D (ed):
Biocompatibility of Implant Materials. Sector
Publishing, London, 1976

Heath JC, Freeman MAR, Swanson SAV: Carcino-
genic properties of wear particles from prostheses
made in cobalt-chromium alloy. Lancet 564, 1971
Huddleston HD: Femoral lysis after cemented hip
arthroplasty. J Arthoplasty 3:285-297, 1988




34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Huiskes R, Nunamaker D: Local stress and bone
adaption around orthopedic implants. Calcif
Tissue Int 36: SI 10, 1984

Jasty MJ, Floyd WE, Schiller AL et al: Localized
osteolysis in stable, non-septic total hip replace-
ment. J Bone Joint Surg 68A:912, 1986

Jones D, Lucas H, O’Driscoll M et al: Cobalt
toxicity after McKee hip arthroplasty. J Bone
Joint Surg 5713:289, 1975

Kim WC, Nottingham P, Luben RA et al: Detection
of osteoclast- activating factor in membranes
removed at revision total hip anhroplasties. Trans
Onhop Res SocII: 115, 1986

Kumar P, Bryan C, Leech S et al: Metal hypersen-
sitivity in total joint replacement. Orthopedics
6:1455.1983

Maloney WJ, Jasty M, Harris V%TH et al: En-
dosteal erosion in association with stable
uncemented femoral components. J Bone and
Joint Surg 72A, 0021-9355, August, 1990
Merritt K, Brown SA: Biological effects of corro-
sion products from metals. In: Corrosion and
Degradation of Implant Materials: Second Sympo-
sium, ed by A Fraker, C Griffin. ASTM STP 859,
1985, pp 195-207

Mirra JM, Amstutz HC, Matos M, Gold R: The
pathology of the joint tissues and its clinical
relevance in prosthetic failure. Clin Orthop
117:221, 1976

Mital M, Cohen J: Toxicity of metal particles in
tissue culture. II: A new assay method using cell
counts in the lag phase. J Bone Joint Surg
50A:547, 1968

Monteny E, Donkerwolke M: Methyl methacrylate
hypersensitivity in a patient with cemented
endoprosthesis. Acta Orthop Scand 49:554. 1978
Munro-Ashman D, Miller AJ: Rejection of metai
prosthesis and skin sensitivity to cobalt. Contact
Dermatol 2:65, 1976

Pazzaglia U, Byers P: Fractured femoral shaft
through an osteolytic lesion resulting from the
reaction to a prosthesis. J Bone Joint Surg
6613:337. 1984

Perren SM: The induction of bone resorption by
prosthetic loosening. p. 39. In Morscher E (ed)The
Cementless Fixation of Hip Endoprosthesis.
Springer-Verlag, New York, 1984

Rae T: The biological response to titanium and
titanium- aluminiurn-vandadium alloy particles.
1. Tissue culture studies. Biornaterials 7:30,
1986

Reinus W, Gilula L, Kyrtakos M, Kuhlman R:
Histiocytic reaction to hip arthroplasty. Radiology
155:315. 1985

Revell PA, Freeman MAR, Roberts V: The produc-
tion and biology of polyethylene wear debris. Arch
Orthop Traum Surg 91:167, 1978

Rooker G, Wilkinson J: Metal sensitivity in
patients undergoing hip replacement. J Bone
Joint Surg 62B: 502, 1980

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Rushton N. Rae T: The tissue response to high
density polyethylene particles. J Bone Joint Surg
64B:383, 1982

Scott W, Riley L, Dorfman H: Focal lytic lesiom
associated with femoral stem loosening in total
hip prosthesis. Am J Radiol 144:977, 1985
Smelhurst E. Waterhouse RB: A physical exami-
nation of orthopedic implants and adjacent
tissues. Acta Orthop Scand 49:8. 1978

Swann M: Malignant soft-tissue tumor at the site
of a total hip replacement. J Bone Joint Surg
6613: 629, 1984

Teitelbaum SL, Bar-Shavit Z, Campbell EJ et al:
Collagenase and collagenase inhibitor production
by human macrophages: a model for orthopedic
implant loosening. Trans Orthop Res Soc 11:289.
1986

Uchida S, Yoshino M, Doi M, Kudo H: Side effects
of prosthetic materials on the human body. Int
Orthop 3:285. 1980

Vernon-Roberts B, Freeman MAR: The tissue
response to total joint replacement prostheses. p.
86. In Swanson SAU, Freeman MAR (eds): The
Scientific Basis of Joint Replacement. Pittman,
Tunbridge Wells, 1977

Webley M, KaUs A, Snaith M: Metal sensitivity in
patients with a hinge arthroplasty of the knee.
Ann Rheum Dis 37:373. 1978

Willert H, Ludwig J, Semlitsch M: Reaction of
bone to methacrylate after hip arthroplasty. J
Bone Joint Surg 516A: 1368, 1974

Willert H, Sernhtsen M: Tissue reactions to
plastic and metallic wear products of joint
endoprostheses p. 205. In: Gschwend N,
Debruner HU (eds): Total Hip Prostheses. Huber.
Bern. 1976

Willert H, Semlitsch M: Reactions of the articular
capsule to wear products of artificial joints
prostheses. J Biomed Mater Res 11: 157, 1977
Williams DF: The deterioration of materials in
use. p. 18 1. In Williams, Roaf R (eds): Implants
in Surgery. WB Saunders. Philadelphia, 1973
Wroblewski B: Wear of high-density polyethylene
on bone and cartilage. J Bone Joint Surg 61BA98,
1979




