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Background Metal particles are generated during bone
preparation in knee arthroplasty. These particles may
produce third-body wear, or may have a role in osteoly-
sis. Knowledge of their characteristics may help in the
development of methods to reduce the amount of metal
debris during bone cutting procedures.

Material and methods We performed bony resection
of the distal femur and proximal tibia on 15 pig knees,
simulating a total knee arthroplasty (TKA). Metal
debris was collected from the saw blades, cutting blocks
and bone surfaces and cleaned for microanalysis.

Results The average loss of metal from the saw blades
was 1.13 mg. The average volume of a wear particle was
3.4 x 101 m3. From this, it was estimated that approxi-
mately 500,000 particles are released from the saw blade
alone. Material analysis of the particles indicated that
the majority originated from the metallic cutting guides,
suggesting that many millions of wear particles would
be generated during the surgical procedure. Two par-
ticle shapes predominated: platelet shape and ploughed
shape.

Interpretation Wear particles are produced during
resection for a TKA. These may enter the artificial artic-
ulation and cause accelerated wear and macrophage
activation. Redesign of cutting blocks and saw blades
may reduce the amount of debris produced during sur-

gery.

The possibility that elevated temperatures can cause
bone necrosis during saw resection for total knee

arthroplasty (TKA) has been recognized (Toksvig-
Larsen et al. 1991, 1992). To our knowledge, one
other potential problem that not been reported is
the generation of metal debris from the metallic
blades and cutting guides used for bone resection.
The particles are often difficult, if not impossible,
to remove completely from the wound. In the envi-
ronment of a prosthetic implant, these particles
may increase the wear (McKellop et al. 1995) and
contribute to the osteolytic process (Murray and
Rushton 1990, Nasser et al. 1990, Buly et al. 1992,
Schmalzried et al. 1992, McGee et al. 2000).

We investigated the origin of particles that
are generated during bone preparation in knee
arthroplasty.

Material and methods

We performed bony cuts for TKA on the distal femur
and proximal tibia of 15 pig knees. The bones were
heated to approximately 37°C before cutting began.
The cutting blocks and blades were from the Gene-
sis knee system (Smith and Nephew, Memphis, TN,
USA). A practising orthopedic surgeon experienced
in TKA performed all the bony cuts. The bone was
placed rigidly in a vice, and an air-driven oscillat-
ing saw (Microaire, Charlottesville, VA, USA) was
used, powered by bottled industrial-grade nitrogen
at 60 psi. The operative procedure was conducted 5
times using conventional-shaped blades on a cap-
tured block, 5 times using ridged blades on a cap-
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Figure 1. The two types of oscillating saw blades used in
the study. Top: non-conventional with ridges; bottom: con-
ventional.

tured block, and five times using ridged blades on a
non-captured block.

Saw blades and guide blocks

Unlike the blocks that are used for multiple pro-
cedures, the saw blades were single-use only. We
used two blade types (Figure 1). We compared
(1) a non-conventional style with ridges to reduce
surface area while still permitting waste to collect
in the crevices between the ridges, with (2) a con-
ventional flat blade, which uses holes cut through
the blade to allow for waste material to collect. We
used two styles of cutting block, the captured (slot-
ted) and non-captured (chamfer) blocks. The cap-
tured block has grooves in which the saw blade is
placed to accurately guide resection. The chamfer
block provides angled surfaces against which the
blade can be pressed during cutting.

Analysis of equipment before use

To determine the amount of material removed from
the blades, they were removed individually from
their packaging and weighed. We used powder-
less latex gloves to handle the blades, in order to
eliminate the possibility of any contamination. The
blades were weighed using analytical scales (Mett-
ler-Toledo, Greifensee, Switzerland) with a preci-
sion of 10 pg.

Particle collection

Bone chips, tissues and debris collected on the
surface of the cutting equipment were placed in
methylated spirits. A Teflon-coated magnetic stir-
ring bar (Kartell, Milan, Italy) was used to collect
the particles. The samples were heated to 60°C in
1-hour cycles to break down the fats and tissue in
order to free trapped wear debris. This was repeated
10 times over 4 days.

Particle analysis

Using a light microscope, metal debris was wiped
from the stirring bar. We used a JOEL JXA 840A
electron probe microanalyzer (JEOL, Akishima,
Japan) to examine the shape and size of the wear
particles. The particles were analyzed to determine
their origin using spectrum analysis software. Dig-
ital images were taken in order to measure particle
sizes manually and to determine the distribution
of particle size within the sample. We used X-ray
diffraction (XRD) analysis to determine the com-
position of materials in both the blocks and saw
blades.

Analysis of equipment after use
To ensure accurate weighing after use, the blades
were cleaned thoroughly using disinfectant and
hexane. They were analyzed visually, with spe-
cial attention being paid to any deformation of the
blade and for the presence of scratches. Hardness
tests were conducted on all blades and blocks using
the Rockwell Hardness Tester. The tester was set
with a 150-kg load and a diamond cone, which
produced readings in Rockwell C (a standard engi-
neering measure of material hardness).

After establishing that the data followed a normal
distribution, we performed statistical analysis of
weight loss using two-way factorial ANOVA.

Results

Change in weight of blades

The average loss of metal from the saw blades was
1.13 mg (Table 1). There was no statistical differ-
ence in the amount of material lost from the dif-
ferent blades (p = 1.0) or with the use of different
blocks (p = 1.0).

Electron microprobe analysis

Two particle shapes were mainly seen within the
samples. Platelet particles (Figure 2) were com-
monly formed during running-in of equipment,
as is the case when a new blade comes in contact
with the guide block surface. Ploughing particles
(Figure 3) are generated when a harder material
slides against a softer material, causing the asperi-
ties of the harder material to remove (i.e. plough
through) the asperities of the softer material. There
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Table 1. Average amount of material removed (g) from
the blades

Blade Initial Weight Material
weight after use removed

Conventional blade — captured block

2 21.22305 21.22113 0.00192

3 21.32156 21.31968 0.00188

4 21.29550 21.29443 0.00107

5 21.34604 21.34554 0.00050

6 21.31720 21.31702 0.00018
Average 0.00111
95% Cl 0.0001-0.0021

Ridged blade — captured block

7 18.26966 18.26856 0.00110

8 18.39092 18.38991 0.00101

9 18.42444 18.42235 0.00209
10 18.30451 18.30394 0.00057
11 18.18065 18.17980 0.00085
Average 0.00112
95% Cl 0.0004-0.0018

Ridged blade — uncaptured block

17 18.25678 18.2560 0.00078
18 18.3944 18.3934 0.00100
19 18.61259 18.61107 0.00152
20 18.57775 18.57584 0.00191
21 18.21567 18.21515 0.00052
Average 0.000115
95% Cl 0.0004-0.0018

Cl = confidence interval

was a much higher concentration of platelets, with
only a small proportion of ploughed particles evi-
dent throughout the wear sample. There appeared
to be no difference between the particle shapes
found in the wear debris from the conventional
blades and the ridged blades.

Particle size was measured manually from the
images taken with the electron microscope. This
became the only option for particle size analysis,
as the presence of small amounts of bone and tissue
particles in the wear samples made it impossible
to analyze them directly in a particle counter. We
measured 300 wear particles for both the conven-
tional and the ridged-style blades. There appeared
to be no difference in the distributions of particle
size between the two blade samples. A high fre-
quency of smaller particles in the 1-20 um range
was evident. Most of these particles were platelets,
with ploughing particles generally being larger
than 20 um. The highest concentration of parti-
cles appeared to be those approximately 1-2 pum
in size. The particle distribution suggests that the
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Figure 3. Ploughed wear particles, 600x magnification.

Frequency
80

70
60
50

40

30

20

10

0 T T T T T T |
0 20 40 60 80 100 120 140
Particle size (um)

Figure 4. Particle size distribution.
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Figure 5. Spectral analysis showing the composition of the blades (a) and the blocks (b). The blocks show additional peaks

for nickel and copper.

average particle size is 3 pm in the major dimen-
sion (Figure 4). Assuming that a wear particle can
be roughly compared to a spherical shape, we cal-
culated the average volume of a wear particle to
be 3.39 x 107'® m3. From this, we estimated that
approximately 500,000 particles are removed from
the blade alone during use.

Using the electron probe microanalyzer in con-
junction with spectrum analysis software, it was
possible to determine the composition of the two
stainless steel components (blocks and blades). We
used this information to determine the origin of the
wear debris and found that the majority of both
platelets and ploughed wear particles were block-
derived material, contrary to earlier beliefs that
most of the particulate material originates from the
blades. We observed that the stainless steel content
of the blocks and blades was quite similar, with a
high concentration of iron (Fe) and chromium (Cr).
Unlike the blade, however, the block contained
traces of nickel (Ni) and copper (Cu). Anti-corro-
sion additives are often added to cast stainless steel
(Figure 5).

Hardness test

The finding that the majority of wear debris origi-
nated from the block led us to investigate the dif-
ference in material properties between the block
and blade material in more detail. The Rockwell
hardness test gave a good indication of why the
material was in fact being removed from the block
rather than from the blade, which was visibly worn
(Table 2).

Visual analysis of blades

Used blades appeared scratched on the sliding sur-
faces. Scratching did not appear to be deep, but

Table 2. Hardness values for saw blade and cutting
block

Rockwell C
Conventional blade 53
Ridged blade 54
Test block (ex-surgical) 40

was evident across most of the blade. We observed
that the edge damage to the ridged blades was
more severe than that incurred by the conven-
tional blades. The surface damage, however, was
more severe on the conventional blades than on the
ridged blades.

Discussion

We selected the Genesis total knee system for this
study because it allows the use of both fully cap-
tured and uncaptured cutting guides. We hypoth-
esized that the uncaptured blocks would produce
less metal debris, but this did not prove so. Though
wear is only produced on one surface, it is pos-
sible that the surgeon pushes harder on the block
when the blade is uncaptured — in an attempt to cut
accurately. This increased pressure may generate
more debris than when the blade is allowed to run
through the captured block.

We acknowledge that there are many knee sys-
tems on the market and that these systems may be
used with several different cutting blades, thus pro-
ducing variable numbers of wear particles. Also,
surgeons with different levels of experience will
produce different amounts of debris, depending on
their skill in cutting. Furthermore, the density of
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the bone at any given operation will affect the dif-
ficulty of cutting and the subsequent generation of
debris. Our study cannot give an absolute figure for
generation of metal particles by any given surgeon
using a particular implant on a particular patient.
What it can do is to highlight a potentially impor-
tant clinical problem: metal debris formed during
TKA surgery.

Following bony resection for TKA, there is often
staining of the bone cuts with metallic debris.
Lavage of the interface may remove many of these
particles, but others are almost certainly retained
in the sub-implant bony interface. Research into
cellular responses to the presence of implant wear
debris suggests that particle size and composition
play a large role in determining how a cell will react
to the presence of such debris, with small particles
being the most damaging at the cellular level (Paz-
zaglia 1987). Analysis of wear debris from pros-
thetics that had failed revealed that wear particles
were rarely larger than 5 um, with the maximum
diameter rarely exceeding 1 um (Willert and Buch-
horn 1999). These particles are smaller than most
of the particles we found; however, we observed a
high concentration of particles in the 1-2 pm range
which could elicit a macrophage response. Also,
smaller particles may have been produced in our
study but they may not have been measurable from
the images collected during microanalysis.

One factor that is more important than macro-
phage activation is the potential for the metal parti-
cles to produce third-body wear. With many of the
particles produced in our study being greater than
20 pm and a large number being in the vicinity of
100 um, if these are retained in the joint (which is
probably the case despite the best efforts of the sur-
geon), they are likely to cause component scratch-
ing and accelerated polyethylene wear.

Spectrum analysis indicated that most of the
debris produced originated from the guide block.
This was an unexpected finding, until analysis
of the hardness of the blades and cutting blocks
showed that the stainless steel of the blocks is of
a softer material. Unfortunately, the cutting blocks
were not weighed. This was because we did not
suspect that debris would be generated from the
blocks, and we also felt that material retained within
the slots of the blocks might invalidate the results.
The fact that most of the material comes from the

guide block suggests that many millions of wear
particles are generated during knee replacement
surgery. Further studies examining wear particles
from blocks of different materials and of different
age should be undertaken to investigate the prob-
lem of debris generation in greater depth.

We believe that improvement of the surface
finish of saw blades and cutting blocks and more
compatible matching of materials is the most effec-
tive way of reducing the production of wear par-
ticles. Changing the material from which the block
or blade is manufactured could be of advantage.
Equalizing the hardness of the stainless steel in the
block and blade should lead to a reduction in wear;
this might be achieved by raising the carbon levels,
by treatment of the surface, or by changing the
crystallographic structure of the material.

Surgeons should be aware of the hardness of the
saw blades they are using, and of how this com-
pares to the hardness of the cutting block used in
TKA. Significant concerns have been raised as
a result of our study, particularly concerning the
possibility of early third-body wear of total knee
replacements.
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