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ABSTRACT – This study addresses the clinical problems
regarding access of wear debris to the bone-implant inter-
face and the possible dissemination of polyethylene (PE)
particles to distant organs. We inserted two implants into
each knee of 7 dogs allowing access of joint fluid to the
bone-implant interface with a 0.75 mm initial gap around
the implant. Hydroxyapatite (HA)-coated and non-coated
(Ti) titanium alloy implants were randomly allocated to
each distal femoral condyle. PE particles were repeatedly
injected into the right knee joint 3 weeks after surgery for
a period of 49 weeks, while only vehicle was injected into
the left knee joint.

We found huge amounts of PE particles mainly in the
bone-implant interface around Ti implants. Infiltration
of mononuclear inflammatory cells was present around
3 of 7 Ti implants in relation to PE particles. HA im-
plants had approximately 70% bone ongrowth. In con-
trast, no bone ongrowth was seen on any Ti implants, all
being surrounded by a fibrous membrane. The number
of PE particles was evaluated semi-quantitatively. More
PE particles were found around Ti implants than with
HA implants (p < 0.002).

Specimens from iliac lymph nodes, liver, spleen and
lung were examined and showed dissemination of PE
particles only in regional lymph nodes.
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The mechanisms underlying aseptic loosening of
joint prostheses have not been fully elucidated
although they have been the subject of intense
research during the last decades. The accesses of
wear debris and joint fluid to the bone-implant in-
terface probably play a crucial role (Schmalzried
et al. 1992). However, it still remains uncertain
what exactly initiates the failure.

Initial micromotion of the prosthesis has proven
to be a good predictor of implant survival (Kärr-
holm et al. 1994b). Experimentally, micromotion
alters the cellular response to wear debris by cre-
ating a more aggressive membrane around im-
plants (Bechtold et al. 1995). Therefore it seems
essential to obtain a stable interface sealed off
from joint fluid containing wear debris and osteo-
clast-activating factors (Nivbrant et al. 1999). As
regards non-cemented arthroplasty, experimental
studies have shown promising effects of hy-
droxyapatite coating (Kraemer et al. 1995, Søballe
et al. 1991, 1992, 1993a). Recently, we showed
that HA coating after only 8 weeks effectively pre-
vents the migration of polyethylene particles to
the bone-implant interface (Rahbek et al. in
press). We therefore suggested that this effect was
due to early bone ongrowth. By achieving bony
anchorage, initial implant stability was obtained
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and “the effective joint space” was reduced. These
results have raised questions about the long-term
effects of HA coating.

The aim of the present study was to investigate
the long-term effect of hydroxyapatite on peri-im-
plant particle migration and bone-implant inter-
face. Furthermore we studied the migration of par-
ticles to distant organs.

Animals and methods

Study design

7 mature mongrel dogs weighing 20–23 kg were
used for this study. The dogs were bred for scien-
tific purposes and were handled according to the
Danish law on animal experimentation.

Loaded HA-coated and Ti implants were ran-
domly allocated to each distal femoral condyle
(Figure 1). The test implants were surrounded by a
gap, which communicated with the joint space,
and allowed access of joint fluid to the bone-im-
plant interface (Figure 2).

Injection procedure. 3 weeks after surgery, we
started weekly injections of 5 mL solution PE par-
ticles, dispersed in sterile hyaluronic acid, into the
right knee joint (Figure 1). The left knee served as
control and 5 mL hyaluronic acid without particles
was injected. 8 weeks postoperatively, injections
were given every 14th day using a double dose of
particles. Injections were performed using sterile

Figure 1. Design of the study. A HA-coated (HA) and a non-HA-coated implant (Ti) were randomly allocated to the medial
or lateral condyle. If a HA-coated implant was allocated to the right lateral femoral condyle, a HA-coated implant was also
placed in the lateral condyle in the contralateral knee. 3 weeks after surgery, high-density polyethylene particles dis-
persed in sterile hyaluronic acid were injected into the right knee joint. The left knee served as control and only hyaluronic
acid was injected.

Right knee joint Left knee joint

PE-particles Control

Figure 2. Implant device and test implant positioned in the
weight-bearing part of the femoral condyle. 1. Threaded
anchorage screw fixed in bone. 2. Threaded piston, which
is centered in the drilled hole by the anchorage screw. 3.
Test implant mounted onto the piston. 4. Gap measuring
0.75 mm between implant surface and trabecular bone. 5.
Titanium ring inserted into the subchondral part of the
condyle to prevent early tissue ingrowth to the polyethyl-
ene plug. 6. Protrusion of the polyethylene plug (diameter
4.5 mm) which transmits the load from the tibial part of the
knee to the implant system. Note the access of joint fluid to
the peri-implant gap. Modified after Søballe et al. (1991),
Søballe (1993).
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technique during a brief intravenous anesthesia
(methohexital). Parapatellar injections (2.5 mL
each) were made into the lateral and medial joint
chambers. The injections were repeated until the ani-
mals were killed 52 weeks after surgery.

Test implant characteristics. The implants were
cylindrical (height 10 mm, diameter 6 mm), titani-
um alloy (Ti-6-Al-4V) implants with a grit-blast-
ed surface. The HA coating was plasma-sprayed
(thickness 50 m m, crystallinity 68% and purity
99%). The mean roughness (Ra) of the grit-blast-
ed titanium surface was 1.12 (SD 0.04) m m and
1.25 (SD 0.05) m m for the HA-coated. The im-
plants were sterilized by gamma irradiation.

Characteristics of injected material. The poly-
ethylene powder consisted of 100% pure crystal-
line high-density polyethylene (HDPE) (informa-
tion from manufacturer). The particle size distri-
bution was determined by Scanning Electron Mi-
croscopy (SEM) (Cambridge S360, U.K.) with au-
tomatic image analyzing equipment. The analysis
was performed at the Danish Technological Insti-
tute. The mean equivalence circle diameter was
2.09 (0.2–11) m m and the shape was spherical.
The powder consisted of 7% particles, with a di-
ameter less than 1 m m.

The particles were gamma-sterilized. Immedi-
ately before use, they were suspended in sterile
hyaluronic acid (1.75 mg hyaluronic acid/mL
phosphate-buffered saline, pH 7.4) and placed in
an ultrasound bath for 30 minutes to homogenize
the suspension. The suspension contained 5 mg
HDPE (approximately 1.2 ´  109 particles) per mL
hyaluronic acid for the first 5 injections. The re-
maining suspensions contained 10 mg HDPE
powder per mL hyaluronic acid. Particle dose was
based on an estimated weekly production of 9.6 ´
109 particles in a human total hip arthroplasty
(McKellop et al. 1995). Assuming that the effec-
tive joint space in a human hip has a volume of
approximately 45 mL, the weekly load was calcu-
lated to be 2 ́  108 particles per mL. By injecting 6
´  109 particles per week into the knee joint of a
dog (assumed volume 15 mL), we subjected the
joint cavity to twice as high a load as in the human
hip, namely 4 ´  108 particles per mL joint.

Surgical methods

The implants were inserted with a sterile tech-

nique during general inhalatory anesthesia with
halothane. An anterior parapatellar approach and
medial arthrotomy were used. The vastus medialis
and patella were dislocated laterally. To avoid
thermal trauma to the bone, hand drilling was used
to create a 7.5 mm hole, leaving a 0.75 mm gap
around the implants. The cavity was cleaned from
bone debris with physiological saline. After the
anchorage screw was inserted, the implant and
polyethylene plug were mounted onto the piston.
The polyethylene plug protruded slightly above
the cartilage, so a load was transferred through the
implant system at each gait cycle. Prophylactic
antibiotics (ampicillin) were administered imme-
diately before and after surgery and analgesics
(buprenorphine) were given daily for 6 days. Un-
stricted weight bearing was allowed postopera-
tively. The dogs were killed 52 weeks after sur-
gery and the distal femora were immediately
harvested. Bacterial cultures were taken from
all the knees.

Biopsies from knee synovia, iliac lymph nodes,
liver, spleen and lung were also obtained.

Specimen preparation

The distal femur, cleaned of soft tissue, was stored
at –20 °C. Specimens were machined with a wa-
ter-cooled diamond blade. Each bone-implant
specimen was cut into halves parallel to the long
axis of the implant in the frontal plane. By random
one half remained undecalcified (Block A) and
was dehydrated in graded ethanols (70–100%)
containing basic fuchsin and embedded in methyl-
methacrylate. Then serial vertical sections were
made with a newly-developed microtome (KDG-
95, MeProTech, The Netherlands) at a distance of
350 m m between them (Baddeley et al. 1986).
They were 25 m m thick and counterstained with
4% light green.

The other half was cut vertically through the
middle of the implant in the sagittal plane and the
implant was gently removed, without damaging
the surrounding tissue. By random one part was
stored in formaldehyde (Block B), decalcified
(EDTA) and used to study particle migration
along the implant interface and the cellular res-
ponse. The remaining part (Block C) stored in
70% percent alcohol, pending analysis, is not in-
cluded in this study.



566 Acta Orthop Scand 2000; 71 (6): 563–573

Biopsies from synovia, iliac lymph nodes, liver,
spleen and lung were embedded in paraffin and 7
m m-thick sections were stained with HE, Oil red O
and for iron.

Histology

Undecalcified sections (Block A). A stereological
software program was used (CAST-Grid, Olym-
pus Denmark A/S) for histomorphometry. This is
based on a user-specified grid applied on micro-
scopic fields captured on the monitor (attached to
a light microscope, objective ´ 10, ocular ´ 10).
The vertical section method (Baddeley et al. 1986)
and applied grid systems enabled us to calculate
unbiased estimates using stereological methods
by assuming no difference between lateral and
medial specimen halves (Gundersen et al. 1988,
Overgaard et al. 1998).

Ongrowth was defined as an implant surface
covered by bone, bone marrow or fibrous tissue
(in percent) and was estimated using the linear in-
tercept technique. Approximately 245 (142–324)
intersections in a mean of 5.6 (3–7) sections were
counted per implant. Hereby the variance from the
section level was reduced to a minimum (Over-
gaard et al. 2000).

Gap-healing was defined as percentage of the
initial gap consisting of bone, bone marrow or fi-
brous tissue and was estimated using the point-
counting technique (approximately 610 points on
4 sections per implant) (Overgaard et al. 2000).
The initial gap area from the implant surface to
750 m m from the surface was analyzed.

EDTA-decalcified sections (Block B) and biop-
sies were fixed in 4% buffered formaldehyde and
embedded in paraffin. Sections with a thickness of
7 m m were examined under polarized and conven-
tional light microscopy to evaluate the presence of
PE particles, the inflammatory response and iron
deposits.

Migration of PE particles was evaluated with
the integrated microscope-computer system, as
described for the undecalcified sections using the
same magnification. A counting frame (750 ´
1100 m m) was applied on the computer screen.
The initial gap was analyzed in a mean of 3.75 (2–
4) sections per implant. A red-stained (ORO-stain)
and birefringent dot or flake was defined as a PE
particle. The number of PE particles inside the

counting frame was graded according to Table 1.
To evaluate the accuracy of the method, 54 sec-
tions from 14 implants were counted twice, and a
coefficiency of variance on 6.7%, which was con-
sidered to be acceptable,was calculated.

Cellular response in the interface was evaluated
blindly by two of the authors, of whom one is an
experienced pathologist. The sections were grad-
ed semi-quantitatively with grades 0–3. Sections
without mononuclear cells were graded as no in-
flammation and sections with mononuclear cells
in a small area were graded as mild inflammation.
Infiltration by mononuclear cells in more than one
area of the section was graded as moderate and
sections with chronic inflammation dominating
the examined area were graded as severe (Table
2). Biopsies were graded in the same way. Marrow
necrosis was graded as in Table 2.

Table 1. Grading system for polyethylene particle migra-
tion modified after Mirra et al. (1976) and Hicks et al.
(1996)

Number of particles per
counting frame Grade

0 0
1–9 1
10–19 2
20–49 3
³  50 4

Table 2.  Inflammatory response in bone-implant inter-
face /marrow necrosis

Right knee joint Left knee joint
PE particles control solution

Dog HA implant Ti implant HA implant Ti implant
Ci/Mn Ci/Mn Ci/Mn Ci/Mn

1 0/0 0/+ 0/+ 0/+
2   0/++ ++/++  0/0 0/0
3   0/++    +/+++ 0/0 0/0
4   0/++ 0/0   0/++ 0/0
5 0/0 0/x 0/0 0/0
6      0/+++ +++/++   0/0 0/0
7 0/0 0/0 0/0 0/0

Ci: chronic inflammation: 0 no, + mild, ++ moderate,
+++ severe.
Mn: marrow necrosis: 0 no areas per section, + 1 area
per section, ++ > 1 area per section, +++ marrow space
dominated by necrosis.



Acta Orthop Scand 2000; 71 (6): 563–573 567

P = 0.0006

P = 0.0006
P = 0.005 P = P =

P = 0.005

P = 0.002

0

1

2

3

4

5

0 – 1.1 1.1 – 2.2 2.2 – 3.3 3.3 – 4.4 4.4 – 5.5 5.5 – 6.6 6.6 – 7.7 7.7 – 8.8

Ti-implants/PE

HA-implants/PE

 
P = 0.007

P = 0.0006

P = 0.0006

P = 0.002

P = 0.005

P = 0.005

P = 0.01 P = 0.03

Statistics

Data are presented as median values with range in
brackets. Significance was determined by the
Mann-Whitney rank sum or Wilcoxon’s signed
rank test. P-values less than 0.05 were considered
significant.

Results

Migration of PE particles in the bone-implant
interface

A marked difference in migration of PE particles
between HA implants and Ti implants was found
(p = 0.001), with median values of 1 (0–1.5) and 4
(1.5–4), respectively. Particles were scattered in
the marrow space around HA coated implants. No
particles were incorporated in bone. In the group
of Ti implants, PE particles mainly occurred clus-
ters in the peripheral part of the membrane. Small
amounts of PE particles were found in interfaces
around implants from the left knees. The particles
were irregular in shape unlike the spherical shape
of the particles injected into the right knee. This
suggests that the PE plug in the implant system
produced particles.

The pattern of migration in the interface dif-
fered between Ti- and HA-coated implants. Im-
plants from the HA/PE group had significantly

fewer particles in all zones than Ti/PE implants
(Figure 3). In the group of Ti implants, equal num-
bers of particles were seen in all zones. In con-
trast, the number of particles in the juxtaarticular
zone differed from that in the most proximal zone
for HA-coated implants (p = 0.001).

Migration to distant organs

Histological examination of the right-sided medi-
al iliac lymph nodes with polarized light and ORO
staining revealed a large number of PE particles in
both the cortical and medulla areas (Figure 4), but
none on the left side. Biopsies from the spleen,
lungs and liver showed no PE particles.

Morphology of bone-implant interfaces

Ti implants. A thin fibrous membrane with a lining
of synovial-like cells surrounded all Ti implants.
The layer beneath the synovial lining in the non-
PE group was rich in extracellular matrix with fi-
bers orientated parallel with the implant surface.
In this layer, scattered spindle-shaped cells pre-
dominated. The deep layer of the membrane close
to the bone had many capillaries and larger ves-
sels. The membrane was, in most cases, bordered
by a line of sclerotic bone. In the PE-injected
group, an inflammatory reaction in the peri-im-
plant membrane was found in 3 of 7 implants (Ta-
ble 2). In those interfaces without inflammation,

Polyethylene particle migration grade

Figure 3. Median values (n 7) for polyethylene particles according to grading system (Table 1).
Error bars = interquartile range. Data grouped in areas (1.1 x 0.75 mm) from the juxtaarticular
tip of the implant. Presence of polyethylene particles was significantly reduced in all areas
around HA coated implants. P-values are shown for each area.
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the membrane resembled those from the control
group, with the exception that the membranes
contained large amounts of PE particles (Figure
5). The inflamed membranes were, in the worst
case, dominated by many mononuclear cells with
areas of necrosis. Lymphocytes, macrophages and
plasma cells predominated. No foreign body giant
cells could be seen in any of the sections.

HA implants. HA-coated implants were all sur-
rounded by mature trabecular bone without syn-
ovial lining cells along the implant surface (Figure
6). No inflammatory reaction was seen around any
implant. The difference in inflammation in peri-
implant tissue between Ti implants and HA im-
plants from PE-injected knees (Table 2) was not
significant (p = 0.3)

Marrow necrosis. Examination of the bone mar-
row between implant and cortical bone revealed

necrotic areas with a myxoid matrix in some spec-
imens. No signs of inflammation were present
around these areas and only a few PE particles
were found around these lesions. There was no
difference between PE-exposed and control
groups for both HA and Ti implants separately
(p = 0.23 and p = 0.05) (Table 2). If all implants
were divided into two groups (n 14), a significant
difference was found between the PE-exposed and
control implants (p = 0.03), suggesting that the PE
particles might be involved in the pathogenesis of
marrow necrosis.

Synovial biopsies. Histological examination
showed no signs of infection. In the particle-ex-
posed knees, PE particles were located beneath
the synovial lining cells along with lymphocytes
and plasma cells. Inflammation was only present
in the superficial part of the synovium. Multinu-

Figure 4. Histological section from right-sided lymph node
showing cortical macrophages containing large amounts
of PE particles, which are stained red (Oil red O stain)
( ´ 400).

Figure 5. Histological section showing scattered PE parti-
cles in the membrane surrounding a Ti implant. Note the
absence of a cellular response (Oil red O stain) (́ 200).

Figure 6. HA-coated implant with bone-implant interface.
Undecalcified section stained with basic fuchsin and light
green. Bone is green, soft tissue is red. The black object is
the HA-coated implant (́ 100).

Figure 7. Histological section of a synovial biopsy. Several
foreign body giant cells and macrophages containing PE
particles. Note synovial thickening and chronic inflamma-
tory response (́ 400).
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cleated foreign body giant cells surrounded some
of the particles (Figure 7). In the synovium from 2
dogs, a nodular infiltration of lymphocytes was
found.

Histomorphometry

Ongrowth. HA implants had a bone coverage of
75% and 71% with no significant difference be-
tween HA-coated implants from the PE group and
the control group (Table 3).

Areas with delamination of the hydroxyapatite
coating were observed in 5 of 14 implants and 4%
of the total implant surface was delaminated.
Delaminated areas had ongrowth of 68% fibrous
tissue, 16% bone and 16% bone marrow. If failure
occurred in the juxtaarticular areas of the implant
exposed to joint fluid, it was replaced by fibrous
tissue, otherwise by bone tissue. The delaminated
coating was, in most cases, well integrated in sur-
rounding bone and did not induce a foreign body
reaction.

Ti implants were almost completely surrounded
by fibrous tissue and the presence of PE particles
did not affect the tissue ongrowth.

Gap-healing. Exposure of PE particles did not
affect the healing capacity of the initial gap
around HA or Ti implants significantly. In the Ti
implants the volume fraction of bone ranged from
0 to 40%. The two implants with the lowest values
had the highest degree of inflammation in the in-
terface. HA-coated implants had significantly
more bone in the gap than Ti implants and had a
low percentage of fibrous tissue (Table 3).

Discussion

Clinically, non-cemented hip arthroplasty with the
use of HA coated stems and cups has shown prom-
ising results (Søballe et al. 1993b, Kärrholm et al.
1994a, Moilanen et al. 1996, Geesink and Hoefna-
gels 1997, Capello et al. 1998). Many surgeons
prefer this technique for younger patients, al-
though no one has proven that non-cemented im-
plants have longer survival than cemented ones. In
cemented arthroplasty, aseptic loosening is a mat-
ter of concern. The implant-cement interface and
fatigue cracks in the cemented mantle are believed
to provide pathways for wear debris to the bone-
cement interface leading to localized bone lesions
(Anthony et al. 1990, Crawford et al. 1999). Fur-
thermore, particulate cement originating in the ce-
ment mantle is believed to contribute to peri-im-
plant osteolysis (Horowitz and Gonzales 1996).
Considering the problems with a cemented me-
chanical seal of the bone-implant interface, the
possibility of a biological seal has been suggested
(Kraemer et al. 1995). We define a biological seal
as consisting of host tissue or other bio-active ma-
terial, which can heal if defects occur due to me-
chanical stress. Thus, a more durable seal theoret-
ically may be created. Kraemer et al. (1995) have,
in a canine model, compared the ability of
smooth, porous-coated, HA-coated and cemented
hemiarthroplasties to prevent migration of PE par-
ticles. Sections from the distal tip of the prosthe-
sis, from the mid-implant and from the proximal
part of the prosthesis were examined. Particles

Table 3. Tissue ongrowth and gap-healing. The median values (range) are shown for
bone and fibrous tissue in the four groups. HA implant = hydroxyapatite-coated implant,
Ti implant = non-coated implant

Right knee joint/PE particles Left knee joint/control solution

HA implant Ti implant HA implant Ti implant

Ongrowth (%)
Bone 75 (27–79) ab 0 (0–5) a   71 (49–73) b 0 (0–1)  
Fibrous tissue 0 (0–34) ab 100 (95–100) b 0 (0–6) b   100 (99–100)

Gap-healing (%)
Bone 36 (27–42) ac 7 (0–40) b   38 (29–56) c 16 (5–31)  
Fibrous tissue 0 (0–35) ac 86 (18–100) a 0 (0–12) c 81 (62–94)

a No significant difference, compared to control
b Significant difference, compared to unilateral Ti implant (p < 0.02)
c Significant difference, compared to unilateral Ti implant (p < 0.03)
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were found only in the sections from the smooth
implants, which had ongrowth of fibrous tissue in
all zones. Non-cemented technique with porous
coating or HA coating and cemented technique
were found to have an equal sealing effect on peri-
implant PE particle migration with a complete
sealing effect of the interface. Not even in the
proximal zones, just below the beginning of the
bone-implant interface, could any PE particles be
detected with light microscopy. Bone ingrowth in
proximal zones was 8%, 38% and 83% for
smooth, porous-coated and HA-coated implants,
respectively. No correlation was found between
bone ingrowth and PE migration.

In the present study, we have used a model with
controlled variables, which seems clinically rele-
vant and, as it is loaded, the implant is inserted in
trabecular bone and there is access of joint fluid to
the bone-implant interface. The gap model was
chosen, since cementless prostheses, although
carefully inserted in a press fit, will have areas
with gaps between the implant and the bone.
These gaps may be regarded as an extension of
“the effective joint space” (Schmalzried et al.
1992), and therefore as a potential pathway for
migration of wear debris. This problem must be
considered even greater at revision surgery of ce-
mented arthroplasties or in patients with bone de-
fects or osteopenic bone. To imitate the continu-
ous production of wear debris in the clinical set-
ting, we injected the particles at short intervals.
The load of particles was doubled as compared
with the estimated load in a human hip joint after
arthroplasty (McKellop et al. 1995) and the dose
was 24 times higher than the monthly load used by
Kraemer et al. (1995). The load was increased to
put a maximal stress on the interface. The clinical
relevance of injecting a huge dose of particles 3
weeks after surgery can be discussed. In the clini-
cal setting, it must be assumed that the wear rate
initially is low and increases with patient activity.
In the present study, we wanted to challenge im-
plant surfaces by injecting a large amount of parti-
cles shortly after surgery.

Our results show that a HA coating can inhibit
migration of PE particles in the bone-implant in-
terface, as compared to grid-blasted Ti implants.
We explain the sealing effect by the 75% bone on-
growth to HA-coated implants. Ti implants had no

ongrowth of bone and were all surrounded by fi-
brous tissue, which yielded no protection against
particle migration, in agreement with earlier find-
ings (Bobyn et al. 1994, Rahbek et al. 1996). From
the present study we can conclude that the bond-
ing of bone to the HA coating does not decrease
with time, in fact, it increases. We have earlier re-
ported 35% bone ingrowth after 8 weeks (Rahbek
et al. in press). These results might explain the
clinical findings by Geesink and Hoefnagels
(1997), where radiological results of HA-coated
primary total hip replacement have shown an in-
crease in bone mass around the prosthesis that was
still improving 8 to 9 years after surgery. No pa-
tients with any mid- or distal stem osteolysis were
seen, not even in those with extensive PE wear.
These findings and the results o D’Antonio et al.
(1996) support the long-term sealing effect of HA
coating.

Many theories have been suggested about how
wear debris mediates periprosthetic bone loss.
Most research has focused on the secretion of os-
teolytic cytokines by macrophages, but there is in-
creasing evidence that other cell types are influ-
enced directly by the particulate debris. Submi-
cron titanium alloy particles are thought to have
cytotoxic properties, leading to tissue necrosis
(Salvati et al. 1993, Pioletti et al. 1999). In the
present study, we found more areas of marrow ne-
crosis in the knees, which had been given injec-
tions of PE particles. However, we did not find
large amounts of particles related to the necrosis.
This could be due to the size of the particles,
which induce cell necrosis. They could be only a
few hundredths of a micron in size, and therefore
not detected by light microscopy. The size of the
injected PE particles was analyzed by SEM, but
the detection limit of this analysis is 0.2 m m, so it
remains unclear whether ultra-small particles
have played a role in the pathogenesis. An alterna-
tive explanation could be that the marrow necrosis
is mediated by inflammatory cytokines originat-
ing in the joint or interface. We did not find any
occluded or dilated vessels, which could support a
theory of infarction by the particles.

We detected inflammation only in some of the
peri-implant membranes around Ti implants con-
taining PE particles. The lack of a strong inflam-
matory response in the bone-implant interface to
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the huge amount of PE particles could be related
to the size or shape of the PE particles used. How-
ever, the size of the particles ranged from 0.2 to 10
and therefore contained submicron particles,
which are primarily found around hip implants in
vivo (Shanbhag et al. 1994, McKellop et al.
1995). Furthermore the particles had been phago-
cytosed by macrophages in the lymph nodes and,
in the synovia, inflammation and foreign body gi-
ant cells were seen. Howie et al. (1988) first de-
scribed PE particle-induced osteolysis in a stable
bone-implant interface in an experimental study.
A later study (Van Der Vis et al. 1997) using the
same model, however, could not reproduce the
original finding of osteolysis. It can therefore be
speculated that other factors are necessary to me-
diate peri-implant inflammation and osteolysis.
Recent findings suggest that it could be the com-
bined effect of micromotion and particulate debris
that causes the aggressive membrane around loose
implants (Bechtold et al. 1995, 1996, 1997).

PE particles were found to migrate in large
amounts in the lymphatic system, in agreement
with clinical reports (Bos et al. 1990, Hicks et al.
1996), but were not detected in the liver, spleen or
lung tissue. However, as previously mentioned,
this does not exclude the presence of submicron
particles. Metal particles from patients with ar-
throplasties have been demonstrated with electron
microscopy and mass spectrometry in tissues such
as bone marrow, spleen, liver, lung and kidney
(Langkamer et al. 1992, Case et al. 1994). Wide-
spread dissemination of wear debris should be
taken seriously. Epidemiological studies have
suggested a threefold risk of developing lympho-
ma and leukemia for patients 10 years after total
joint replacement (Visuri and Koskenvuo, 1991,
Gillespie et al. 1988). It has been suggested that
the carcinogenic effect could be due to metal wear
(Case et al. 1996). However, more recent studies
have not confirmed the reports of an increased
risk of leukemia or lymphoma for patients who
have undergone joint implants (Gillespie et al.
1996).

Concerns have previously been raised about
HA-coated implants (Bloebaum et al. 1994,
1997). Particulate debris originating from the HA
coating are claimed to be able to induce an inflam-
matory reaction leading to osteolysis and third

body wear. In our study, delaminated coating was
in most cases integrated in the surrounding bone
and we did not find any signs of inflammation
around HA-coated implants. However, it must be
stressed that the denuded areas had 68% ongrowth
of fibrous tissue, which could serve as a potential
pathway for wear debris. These results emphasize
the importance of the quality of the coating and
underlying surface texture (Overgaard et al.
1997), which is also important in the generation of
third body wear (Bloebaum et al. 1997).

In conclusion, we found that the HA coating had
a sealing effect on peri-implant migration of PE
particles after 52 weeks due to osteoconductive
properties. PE particles had no effect on bone on-
growth to the implants. The study indicates that
chronic inflammation due to PE particles in the
bone-implant interface might be inhibited by HA
coating.
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