Acta Orthopaedica 2008; 79 (2): 289—294

289

Absence of lymphatics at the bone-implant interface

Implications for periprosthetic osteolysis

James Edwards!, Eva Schulze!, Afsie Sabokbar!, Helen Gordon-Andrews?,
David Jackson?, and Nicholas Anthony Athanasou’

"Nuffield Department of Orthopaedic Surgery, University of Oxford, Department of Pathology, Nuffield Orthopaedic Centre, Headington,
2Institute of Molecular Medicine, University of Oxford, John Radcliffe Hospital, Oxford, UK

Correspondence NAA: nick.athanasou@noc.anglox.nhs.uk
Submitted 06-07-11. Accepted 07-09-11

Background Wear particles, found at the bone-implant
interface surrounding a loose prosthesis, are commonly
phagocytosed by macrophages. Wear particles and
wear particle-containing macrophages are also found in
regional lymph nodes draining arthroplasty tissues. The
means by which wear particles are transported from
arthroplasty tissues to lymph nodes is uncertain, as the
presence or absence of lymphatic vessels in peripros-
thetic tissues has not been established.

Methods We determined immunophenotypic expres-
sion of LYVE-1 and podoplanin, two highly specific lym-
phatic endothelial cell markers, in the hip arthroplasty
pseudocapsule surrounding the false joint and the bone-
implant interface of the femoral and acetabular pseu-
domembrane.

Results ~ LYVE-1+/podoplanin+ lymphatic vessels
were not identified in the psendomembrane but were
found in the pseudocapsule. Normal bone did not con-
tain lymphatic vessels.

Interpretation Our findings suggest that the wear
particles shed at the bone-implant interface are not
transported to draining lymph nodes by lymphatics
directly from the pseudomembrane, but via the pseudo-
capsule. The absence of a lymphatic clearance mecha-
nism may contribute to accumulation of wear particles
at the bone-implant interface and promote peripros-
thetic osteolysis through stimulation of osteoclast for-
mation and activity.

Aseptic loosening, the most common complication

of prosthetic joint replacement, is often associated
with periprosthetic osteolysis (Harris 1994, 1995).
This is characterized histologically by deposition
of wear particles in peri-implant tissue—both
the pseudocapsule that surrounds the articulating
structures and the fibrous pseudomembrane that
lies between the implant component and surround-
ing bone (Revell 1982, Malcolm 1988). There is a
heavy foreign body response to wear particles in
periprosthetic tissues, with many of these particles
being phagocytosed by macrophages and macro-
phage polykaryons. Wear particles and the mac-
rophages that have phagocytosed these particles
can also be found in regional lymph nodes drain-
ing prosthetic joints (Bos et al. 1990, Basle et al.
1996, Urban et al. 2000). However, the precise role
that the lymphatic circulation plays in transporting
macrophages and the wear particles they contain
from periprosthetic tissues to lymph nodes has
not been established. In addition, it is not known
whether the wear particles found in lymph nodes
are derived from the arthroplasty pseudocapsule,
the pseudomembrane, or both of these tissues.
Lymphatic vessels have been identified in the
synovial membrane by various techniques, includ-
ing lymphangiography, electron microscopy, his-
tochemistry, and immunohistochemistry (Edwards
and Wilkinson 1991, Fujiwara et al. 1995, Hu et al.
2003). However, the question of whether lymphat-
ics are present in bone is more controversial; stud-
ies of fluid movement in bone using intra-osseous
injection, microdissection, and histomorphological
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studies have provided conflicting evidence (Ander-
son 1960, Smith et al. 1960, Munka and Gregor
1965, Olszewski and Sawicki 1977). Lymphan-
giomas have been identified in bone (Harris and
Prandoni 1950, Bullough and Goodfellow 1976),
but lymphatic vessels not been identified with cer-
tainty in any other neoplastic or non-neoplastic dis-
ease of bone. With regard to aseptic loosening, this
consideration is of some importance as lymphatic
clearance of wear particles from the bone-implant
interface is one possible route whereby wear par-
ticles could be cleared from this site. Accumula-
tion of wear particles at the bone-implant interface
could have a number of effects on the macrophages
that phagocytose these particles, including stimu-
lation of the secretion of cytokines that promote
bone resorption (Horowitz et al. 1991, Glant et al.
1993, Haynes et al. 1993). There is also evidence
that macrophages isolated from periprosthetic tis-
sues, and mouse monocytes that have phagocy-
tosed wear particles, are capable of differentiat-
ing into osteoclasts (Sabokbar et al. 1996, 1997).
In addition, it has been shown that mature human
osteoclasts that have phagocytosed particles retain
their ability to carry out acunar resorption (Wang
etal. 1997).

In this study we have used two highly specific
phenotypic markers of lymphatic endothelial cells,
LYVE-1 and podoplanin (Banerji et al. 1999, Bre-
iteneder-Geleff et al. 1999), to determine whether
lymphatic vessels are present in the hip arthroplasty
pseudocapsule and pseudomembrane. We have also
examined whether lymphatics are present in bone
surrounding the pseudomembrane and in normal
bone specimens, in order to determine whether
lymphatic clearance plays a role in the transport of
fluid or cells in bone.

Material and methods
Cases studied

Specimens of periprosthetic tissues were obtained
from 26 patients (age range 47-86 years; 16
females) undergoing revision hip arthroplasty sur-
gery because of osteoarthritis (n = 22) or rheuma-
toid arthritis (n = 4). Ethical permission for this
study was obtained from the Oxfordshire Research
Ethics Committee.

In order to determine the distribution of lymphat-
ics in normal bone and joint tissue, specimens of
compact and cancellous bone and joint synovium
and capsule were obtained from the femoral head
and femoral neck of 3 hindquarter amputations
in patients with soft tissue sarcomas of the lower
limb, and from 5 osteoarthritic femoral head speci-
mens.

Immunohistochemistry

Specimens of the hip arthroplasty pseudocapsule
and femoral and acetabular pseudomembrane were
fixed in buffered formalin at room temperature and
embedded in paraffin wax. 5-um sections were cut,
dewaxed, and rehydrated by successive immersion
in xylene, graded ethanol, and water; this was fol-
lowed by microwave treatment (700 W, 2 treatments
of 4 min each) in target retrieval solution (Dako,
Ely, Cambridge, UK). Sections were stained by an
indirect immunoperoxidase technique as previously
described (Hu et al. 2003). Endogenous peroxidase
was blocked with 3% (v/v) hydrogen peroxide and
protein block serum (Dako), and the sections were
then incubated with mouse monoclonal antibodies
directed against human podoplanin (D2-40; Signet
Laboratories, Dedham, MA, USA) or LYVE-1 (Hu
et al. 2003), which react with lymphatic endothe-
lial cells, as well as antibodies against CD34 (Q-
Bend10; Dako) or factor VIII (Dako), which react
with blood vessel endothelium. Antigens were
detected by incubation with labeled polymer and
diaminobenzidine. The sections were then coun-
terstained with hematoxylin, dehydrated, cleared,
and then mounted. Positive controls consisted of
sections of lymph node and skin containing lym-
phatic vessels. Negative controls consisted of sec-
tions stained with primary antibody diluent alone
and substitution of an irrelevant (anti-cytokeratin)
antibody (MNF116; Dako).

Results

All specimens of hip joint arthroplasty pseudocap-
sule and femoral and acetabular pseudomembrane
showed typical pathological features of aseptic
loosening. The tissues contained a heavy macro-
phage and giant cell response to implant-derived
metal and polymer wear particles (Figures 1 and
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Figure 1. Low-power (A) and high-power (B) photomicrographs showing LYVE-1+ endothelial cells lining lymphatic ves-
sels in the arthroplasty pseudocapsule. (Immunoperoxidase; 100x and 200x magnification).

Figure 2. Low-power (A) and high-power (B) photomicrographs showing absence of LYVE-1 staining in the femoral
arthroplasty membrane, which contains numerous plump (wear particle-containing) macrophages and surrounding com-
pact cortical bone. (Immunoperoxidase; 100x and 200x magnification).

2). Some specimens of the fibrous pseudomem-
brane also contained underlying cancellous bone
and a foreign body macrophage infiltrate in the
marrow space (Figure 2).

LYVE-1 and podoplanin expression in peri-
prosthetic tissues

LYVE-1*/podoplanin* lymphatic vessels were
found in all the arthroplasty pseudocapsule speci-
mens examined. The lymphatic vessels were most
prominent in the superficial zone of the pseudo-
capsule, but were also present in underlying fat
and connective tissue (Figure 1). Many of the
lymphatic vessels in the superficial zone were
slit-like and appeared compressed by surrounding
macrophages containing wear particles, whereas
lymphatics in deeper capsular tissues were more

dilated. There were considerably fewer LY VE-1*/
podoplanin+ lymphatic vessels than CD34*/factor
VIII* blood vessels.

The fibrous acetabular and femoral pseudomem-
brane also had heavy infiltration of wear particle-
containing macrophages, but no lymphatic vessels
were identified by LY VE-1 or podoplanin staining
of these tissues. In 5 cases, compact or cancellous
bone adjacent to the arthroplasty pseudomembrane
was included in the specimens received; this con-
tained fibrous tissue and a macrophage and mac-
rophage polykaryon infiltrate in response to wear
particles, but no LY VE-1*/podoplanin* lymphatic
vessels (Figure 2).

In order to determine whether lymphatic ves-
sels are present in normal bone tissue of the femur,
compact and cancellous bone derived from 3 ampu-
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tation specimens and 5 osteoarthritic femoral head
and neck specimens were examined for LYVE-1
and podoplanin expression. LY VE-1*/podoplanin*
lymphatic vessels were not identified in compact or
cancellous bone, but LYVE-1*/podoplanin* lym-
phatics were identified in the periosteum and the
attached hip joint synovium and capsule.

Discussion

It has been estimated that as many as 40 bil-
lion polyethylene particles smaller than 10 pm
are released from the artificial hip joint annually
(Maloney and Jasty 1993). There should be a
mechanism to clear the large amount of polyeth-
ylene and other polymer and metal particles gen-
erated from arthroplasty tissues. As macrophages
and wear particles have been found in regional
lymph nodes, it has been assumed that one means
whereby wear particles are cleared from peripros-
thetic tissues is via the lymphatic circulation. We
found that lymphatics are only present in the hip
arthroplasty pseudocapsule and not in the femoral
or acetabular pseudomembrane. These results indi-
cate that wear particles are most likely transported
by lymphatics from the pseudocapsule (and not the
pseudomembrane) to regional lymph nodes drain-
ing arthroplasty tissues.

After an arthroplasty is performed, a new joint
capsule and synovial lining forms around the joint
endoprosthesis (Revell 1982, Malcolm 1988).
Implantation of the prosthesis in bone is followed
by bony repair and formation of a fibrous tissue
membrane that separates the bone from the implant
or PMMA cement covering the implant. A conse-
quence of implant loosening is the generation of
numerous implant-derived wear particles, most of
which are less than 1 um in size (Margevicius et al.
1994). It has been estimated that the tissue adja-
cent to a failed total joint implant contains billions
of particles per gram of tissue and that, when the
number of particles is greater than 1 x 10'° per gram
of tissue, the incidence of osteolysis is increased
(Revell et al. 1997). Generation of wear particles
and the foreign body macrophage response that it
evokes are thought to play a key role in promoting
the periprosthetic osteolysis that is carried out by
osteoclasts. Wear particle-containing macrophages

from the bone-implant interface are capable of
osteoclast differentiation and wear particles stimu-
late osteoclastic bone resorption by promoting the
release of prostaglandins, cytokines, and growth
factors from activated macrophages and fibroblasts
(Harris et al. 1976, Horowitz et al. 1991, Glant et
al. 1993, Haynes et al. 1993). Osteolytic pseudotu-
mors result from aggressive granulomatosis, where
massive deposition of wear particles leads to very
heavy infiltration of macrophages and an increase
in osteoclast numbers and resorption (Lassus et al.
1998). Absence of lymphatic vessels at the bone-
implant interface would exacerbate this particle-
induced osteolysis, as this effectively means that
particles cannot be cleared from this site via the
lymphatic circulation.

Our results indicate that wear particle-contain-
ing macrophages found in regional lymph nodes
are derived not from the arthroplasty pseudomem-
brane, but from the pseudocapsule. This raises the
question of how wear particles are cleared from
the bone-implant interface. Such a mechanism is
likely to exist, as implant wear particles are com-
monly found at the bone-implant interface. It is
conceivable that the absence of such a clearance
mechanism would result in rapid accumulation of
particles to a critical threshold at which osteoclast
formation and resorption would be triggered. It has
previously been shown that even in a mechanically
stable prosthesis, polyethylene wear debris can be
found in areas of bone resorption some distance
from the articulating surfaces (Schmalzried et al.
1992). To explain this phenomenon, it has been
proposed that wear particles are dispersed into
the “effective joint space”, i.e. the sum of all peri-
prosthetic territories accessible to the joint fluid
(Schmalzried and Callaghan 1999). This effec-
tive joint space permits joint fluid and wear debris
floating within it to penetrate between the bone and
the implant. In this way, particles may be trans-
ported to sites remote from the implant component
from which they were originally shed. The effec-
tive joint space may thus provide a possible route
whereby wear particles shed at the bone-implant
interface are carried to the pseudojoint cavity, and
from there to the pseudocapsule—from where they
would be transported via lymphatics to draining
Ilymph nodes. Elevated intra-articular pressures
of 700 mm Hg or more have been noted during
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activity after total hip arthroplasty (Robertsson et
al. 1997). These elevated pressures may result in
pumping of particles and particle-containing cells
away from the bone-implant interface towards the
pseudojoint cavity (Aspenberg and Van der Vis
1998, Van der Vis et al. 1998). However, in cases
where implant loosening results in excessive gen-
eration of wear particles, this clearance mechanism
may be overwhelmed. Consequent particle accu-
mulation at the bone-implant interface may then
result in periprosthetic osteolysis due to particle-
induced macrophage-osteoclast differentiation and
resorption. Increased pressure resulting from par-
ticle accumulation has been shown to induce bone
resorption in animal models of implant loosening
(Robertsson et al. 1997), and it is conceivable that
particle accumulation per se could also contribute
to osteolysis by a mass effect.
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