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Summary 
Extensive osteolysis adjacent to orthopedic implants is often associated with wear particles of prosthetic material. The 
activation of the RANKL/RANK/OPG system is considered to be a likely cause of periprosthetic osteolysis leading to 
implant failure. The aim of this study was to examine the possible correlation between the clinical extent of osteolysis, 
the number of wear particles and expression of the osteoclastic mediator RANKL (receptor activator of nuclear factor 
kappa B ligand) in the tissues around aseptically loosened cemented and non-cemented total hip replacements. 
Periprosthetic tissues were harvested from 59 patients undergoing revision of hip replacement for aseptic loosening. We 
observed RANKL-positive cells in 23 of our 59 patients, their presence was noted predominantly in tissues with a 
loosened cemented endoprosthesis. We have found that RANKL is present only in tissues with a large amount of wear 
debris and predominantly in cases involving loosened cemented implants. 
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Introduction 
 

In the past decade major advances in our 
understanding of bone metabolism physiology have been 
made. Particularly, a large number of important 
regulators of the formation of osteoclasts and bone 
resorption have been identified. Recently, newly 
identified molecules such as the receptor activator of 
nuclear factor kappa B (RANK), the RANK ligand 
(RANKL), and osteoprotegerin (OPG), also known as 
osteoclastogenesis inhibitory factor, have been shown to 
play crucial roles in the differentiation of osteoclasts 
(Yasuda et al. 1998). 

The bone resorption is influenced by hormones 

(thyrocalcitonin, parathyroid hormone, calcitriol),  
pro-inflammatory cytokines (IL-1, IL-6, TNF-alpha,  
IL-17), prostaglandins and glucocorticoids. Leptin, which 
previously was not thought to influence bone metabolism, 
has recently been added to this list (Haluzík et al. 1999, 
2001, Maruna et al. 2001, Křížová et al. 2003). Most of 
these factors do not act on the differentiation and 
activation of osteoclasts directly, but by means of 
molecules controlling bone formation and resorption – 
RANKL and OPG. Animal studies using gene deletion 
and overexpression have shown that RANKL is essential 
for the formation of osteoclasts. RANK is expressed on 
the surface of myeloid progenitor cells, preosteoclasts, 
mature osteoclasts, and T and B lymphocytes. Osteoclast 
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progenitors of the monocyte-macrophage lineage with the 
surface receptor RANK recognize the RANK ligand in 
osteoblasts/stromal cells through cell-to-cell interaction, 
and then differentiate into osteoclasts. A decoy receptor 
for RANKL – osteoprotegerin (OPG) – is a soluble 
tumor-necrosis factor (TNF)-like receptor molecule, 
which inhibits osteoclast formation by competing for the 
binding of RANKL to its receptor on preosteoclasts 
(Lacey et al. 1998). According to recent data, the 
production of OPG is influenced by leptin which 
increases the level of OPG mRNA in peripheral 
monocytes, and therefore down-regulates osteoclast 
formation by influencing the RANK/RANKL/OPG 
system. 

Numerous studies illustrate the clinical success 
of total hip arthroplasty. The surgery is considered to be 
routine, with a minimal rate of early complications and 
offering dramatic pain relief and functional improvement 
(Landor et al. 1994). However, it remains a solution for a 
damaged hip joint only for a limited time, since up to 
30 % of patients experience a loosening of the implant 
within 10-14 years of the initial surgery. Aseptic 
loosening has been recognized as the main reason for 
revisions.  

Wear between the primary bearing surfaces is 
considered to be the most important source of prosthetic 
particles. Depending on the type of implant, such wear 
particles can be polyethylene, metal, polymethyl-
metacrylate or ceramic (Landor et al. 1993, 1997, Sosna 
et al. 1996). Wear particles are not inert for the organism, 
and it has been shown that particles with a size of about 
1 µm evoke the most intense tissue reaction (Schmalzried 
et al. 1992, Šlouf et al. 2004). More than 90 % of wear 
particles are smaller than 1 µm in diameter, with a mean 
size of 0.5 µm. Particles of all the biomaterials presently 
in use can provoke an adverse biological reaction in the 
periprosthetic tissues, involving the formation of 
osteolytic foreign body granulomas (Chun et al. 1999). 
At present, monocyte/macrophages are believed to play a 
key role in this process. Mononuclear phagocyte cells 
attempt to eliminate large numbers of foreign particles by 
phagocytosis. Small particles are easily phagocytozed, 
but they cannot be digested. The inability to degrade the 
engulfed particles leads to an increased production of 
numerous mediators and cytokines by stimulated 
macrophages, especially IL-1 and TNF alpha. The result 
of this reaction provoked by the particles is the excessive 
accumulation of bone resorbing factors and osteolysis, 
leading to a failure of the endoprosthesis. 

The activation of the RANKL/RANK/OPG 
system is considered to be the most probable cause of 
periprosthetic osteolysis leading to implant failure. 
However, the precise pathophysiological mechanism and 
the exact moment when the balance between the 
resorption and production of bone shifts towards 
resorption are not clear. The purpose of our study was to 
investigate this issue. Specifically, we sought to examine 
the possible correlation between the clinical extent of 
osteolysis, the number of wear particles and the 
expression of the osteoclastic mediator RANKL in the 
tissue around aseptically loosened total hip replacements. 

 
Materials and Methods 

 
Periprosthetic tissues were harvested from 

59 patients undergoing hip replacement revision for 
aseptic loosening of the implant. The prostheses were all 
radiographically and clinically loosened at the time of 
surgery when subjected to manual manipulation. An 
infection of the hip endoprosthesis was excluded in all 
cases by clinical examination, laboratory investigation 
(FW, CRP) and negative aerobic and anaerobic cultures 
(Jahoda et al. 2000, 2003a,b, 2004, Vavřík et al. 2000, 
Landor et al. 2005). The age of patients at the time of 
revision ranged from 52 to 84 years, and the time 
between implantation and surgical revision ranged from 
35 to 260 months. The diagnosis before the original 
surgery was osteoarthritis in 51 cases and rheumatoid 
arthritis in 8 cases. 

In our group of 59 patients, 14 cases involved a 
loosening of both prosthetic components, 27 cases a 
loosening of the acetabular component and 18 cases a 
loosening of the femoral component. Within the 41 total 
cases with a loosened acetabular component, 23 cases 
involved a Poldi polyethylene cup and 18 cases a Walter 
non-cemented cup. Of the 32 total cases with a loosened 
femoral component, 11 cases involved a cemented Poldi 
stem, 14 cases a CF30 cemented stem and 7 cases a 
Walter non-cemented stem (Table 1). 

Tissue specimens were harvested from a 
representative and readily accessible portion of the bone-
cement interface, eventually bone-implant interface, 
using curettes during revision surgery. Tissue specimens 
were approximately 5 mm in diameter. In osteolytic 
cases, the specimens were always harvested from an area 
of bone destruction. All specimens were investigated by 
the first author. 

Immediately after removal, tissue specimens 
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were placed in capsules containing Tissue Tek (O.C.T. 
Compound, Sakura, Tokyo, Japan) and frozen in liquid 
nitrogen. Serial sections (5 mm thick) were prepared, 
fixed in ice-cold acetone (10 min) and left at laboratory 
temperature for up to 48 h. Before staining the samples 
were fixed in 4 % paraformaldehyde for 2 min, washed 
twice in distilled water, and blocked for endogenous 
peroxidase activity with 0.3 % H2O2 and 0.1 % NaN3 for 
10 min. Sections were washed repeatedly in TBS (0.05 M 
TRIS/HCl, 0.15 M NaCl, pH 7.6), and non-specific 
binding was blocked using 5 % fetal calf or goat serum in 
TBS for 5 min.  

Samples were incubated with mouse monoclonal 
antibodies against RANKL (MAB626, R&D Systems, 
Abingdon, UK), CD3, CD45, CD31, CD68 
(DakoCytomation, Glostrup, Denmark), CD14 
(Biosource, Camarillo, California, USA), and CD55 (BD 
Pharmingen, San Diego, USA) and with irrelevant 
control IgG1 (Serotec, Kidlington, Oxford, UK) and 
IgG2b (Sigma-Aldrich, St. Louis, USA) for 30 min at 
37 °C. After two washes in TBS, secondary staining was 
performed using a DAKO EnVision+ kit (Dako, 
Glostrup, Denmark) containing goat anti-mouse 
immunoglobulin conjugated with dextran polymer and 
horseradish peroxidase, for 30 min at laboratory 
temperature. Immunostaining was developed with  
3,3-diaminobenzidine (Sigma) for 5 min at 37 °C 

followed by washing in water.  
Preparations were counterstained with Harris 

hematoxylin, washed, dehydrated in 96 % ethanol, 
acetone and xylene and mounted with a permanent non-
aqueous mounting medium (Solakryl BMX, Penta, ČR).  

Positive control tissues (such as those obtained 
from the osteolytic tissues of patients with RA) and 
negative control tissues (fibrous tissue interfaces from 
implants that were not loosened) were also used to verify 
the specificity of antibody staining. 

 

Results 
 
Immunohistochemical analysis of the 

inflammatory tissue from failed total hip joints showed 
that macrophages were the predominant cell type in 
regions of extensive osteolysis. The implant-interface 
tissue also contained fibroblasts, lymphocytes and other 
inflammatory cells. There were scattered metallic and 
polyethylene particles both intra- and extracellularly. 
Occasionally, there were grayish remnants of cemented 
particles.  

Among the total number of 41 loosened 
acetabular components and 32 loosened femoral 
components, we did not find significant differences 
between specimens from acetabular and femoral tissues. 
From this group of 73 total specimens, 30 were found to 
contain RANKL-positive cells (Fig. 1). 

In terms of patients, we observed RANKL-
positive cells in 23 out of our 59 patients: 11 cases with a 
cemented Poldi acetabular component, 10 cases with a 
cemented CF30 femoral component, 7 cases with a 
cemented Poldi femoral component and 2 cases with a 
non-cemented Walter acetabular component (Table 1). 

In our group of tissue specimens, the presence of 
RANKL-positive cells was found predominantly in 
tissues with a loosened cemented endoprosthesis. When 
the relation between the original implantation and the 
revision was evaluated two groups of patients with 
RANKL-positive cells were identified. The first group, 
with a loosened CF30 femoral component, had an 
average time to revision of 58 months. These tissues were 
characterized by a large number of polynuclear cells with 
enormous numbers of metallic particles. The second 
group comprised patients with loosened cemented Poldi 
implants, and in two cases with a loosened non-cemented 
acetabular component, with an average time to revision of 
240 months. In contrast to the first group, the dominant 
finding in this second group of patients was the presence 

Table 1. The occurrence of RANKL-positive tissues according to the component loosened and the type of implant. 
 

Component Type of implant (material) Implanted 
endoprosthesis 

Number of RANKL 
positive tissues 

Acetabularcemented Poldi (polyethylen cemented cup) 23 11 
Acetabular Non-cemented Walter (sandblasted titan screwed cup) 18 2 

Poldi (AKV-ultra steel polished stem) 11 7 Femoral cemented 
CF30 (CoCrMo sandblasted cemented stem) 14 10 

Femoral non-cemented Walter (hydroxypapatite porous coated stem) 7 0 
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of polyethylene wear particles.  
The radiological presence of osteolysis appeared 

to correlate with the histological appearance of RANKL-
positive samples. All tissues with RANKL-positive cells 
showed lacunar osteolysis or osteolysis wider than 2 mm 
on the x-ray (Table 2). 

In the case of non-cemented implants, RANKL-
positive cells were present only in two patients with 
lacunar osteolysis in the area of the acetabulum. 
Osteolysis wider than 2 mm in the area of the femoral 
shaft was not found in cases with loosened femoral 
components, in which no RANKL-positive cells were 
found (Table 2). 

 
Discussion 

 
The ability of macrophages to differentiate into 

multinucleated cells that exhibit all the phenotypic 
features of osteoclasts is an important mechanism 
relevant to their role in implant loosening. Osteoclasts are 
highly specialized multinucleated cells that are uniquely 
capable of carrying out lacunar resorption. They are 
formed by the fusion of bone marrow-derived 
mononuclear phagocyte precursors that circulate in the 

monocyte fraction (Fujikawa et al. 1996). Using mouse 
models of osteoclast formation, it has been shown that 
monocytes and macrophages, when cocultured with 
osteoblastic or other bone stromal cells in the presence of 
1,25 dihydroxyvitamin D3, can differentiate into mature 
osteoclasts capable of lacunar bone resorption. Mouse 
macrophages responding to particles of all implant 
biomaterials are able to differentiate into osteoclasts 
(Pandey et al. 1996).  

Using a similar in vitro system, investigators 
found that large numbers of human osteoclasts can be 
prepared from human blood monocytes and tissue 
macrophages. Monocytes and tissue macrophages, 
cocultured with osteoblast-like cells in the presence of 
human macrophage colony-stimulating factor (M-CSF), 
form numerous multinucleated cells that express all the 
cytological and functional phenotypic characteristics of 
osteoclasts. These cells are positive for tartrate-resistant 
acid phosphatase, express receptors for calcitonin and 
vitronectin, and possess the ability to carry out lacunar 
bone resorption. Because tissue macrophages are derived 
from monocytes, and monocyte migration is stimulated 
by the presence of particles, it was not surprising to find 
that inflammatory foreign body macrophages isolated 

 
 
Fig. 1. RANKL-positive multinucleated cells 
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directly from the pseudomembrane and pseudocapsule 
around loosened arthroplasty components are capable of 
osteoclast differentiation (Sabokbar et al. 1997). In 
contrast to osteoclast formation from monocytes and 
macrophages derived from other tissues, the addition of 
M-CSF was found not to be essential for osteoclast 
differentiation from arthroplasty-derived macrophages. 
This appears to be caused by sufficient local M-CSF 
production in periprosthetic tissues. This aspect also 
correlates with the finding of abundant M-CSF in the 
synovial fluid of prosthetic joints (Takei et al. 2000). 

RANKL expression by osteoblasts/bone marrow 
stromal cells and the presence of M-CSF are two main 
factors required for osteoclast differentiation. A decoy 
receptor for RANKL – osteoprotegerin (OPG), a member 
of the TNF receptor superfamily – inhibits osteoclast 
formation and bone resorption. Human arthroplasty-
derived macrophages have been shown to be capable of 
osteoclast formation in the presence of soluble RANKL 
alone; this process is inhibited by the addition of OPG 
(Itonaga et al. 2000). Other authors (Haynes et al. 1993) 
demonstrated that metallic and polymeric particles 
stimulate the expression of RANKL and M-CSF as well 
as other humoral factors that influence osteoclast 
formation. These particles also stimulate the expression 
of osteoprotegerin.  

A number of cellular and humoral factors are 

known to influence RANKL and OPG expression. 
Osteoclast formation in periprosthetic tissues can be 
viewed as an imbalance in the production of these two 
factors. Various cytokines and growth factors (apart from 
M-CSF) abundant in periprosthetic tissues in cases of 
aseptic loosening, such as IL-1 and TNF-alpha, increase 
OPG mRNA expression in osteoblasts, suggesting that 
these factors that stimulate osteoclastic bone-resorbing 
activity appear to act conversely to downregulate 
osteoclast formation (Hofbauer et al. 2000, Mandelin et 
al. 2003). Prostaglandins such as PGE2 have also been 
shown to increase RANKL production and to decrease 
OPG release, thus stimulating osteoclast formation and 
bone resorption. Inflammatory cells, such as T-cells, are 
present in the arthroplasty membrane and may influence 
osteoclast differentiation and periprosthetic osteolysis by 
modulating RANKL expression and OPG production. 
Recent studies also highlighted the role of some 
cytokines (TNF-alpha, TGF-beta and IL-1) in the 
induction of osteoblast formation, both in the presence 
and absence of RANKL (but not M-CSF) (Epstein et al. 
2005).  

In spite of the fact that there have been many 
reports of a causal relationship between endoprosthesis 
loosening and the RANKL/OPG system, most of these 
have been in vitro studies, the majority of which 
evaluated small groups consisting of 5 to 10 patients 
(Haynes et al. 2001, Clohisy et al. 2003, Horiki et al. 
2004, Baumann et al. 2004, Masui et al. 2005). These 
studies mainly demonstrate the crossover of macrophage 
and osteoclast functions. The investigators have shown 
that osteoclasts are capable of phagocytosing wear 
particles and that this function does not abrogate specific 
osteoclast properties. 

In our group of patients, RANKL-positive cells 
were found only in half of the loosened hip 
endoprostheses, particularly in the cases with cemented 
implants. A remarkable finding was the presence of 
RANKL-positive cells in the cases with lacunar 
periprosthetic osteolysis. Furthermore, the prominent 
presence of RANKL-positive cells in groups of patients 
with large numbers of wear particles in their tissue (the 
first group, with cemented implants and over 12 years 
from the original surgery, and the second group, with a 
large number of metallic wear particles in the 
periprosthetic tissue) agrees with the hypothesis that 
chronic stimulation of macrophages by particulate debris 
results in osteoclastic bone resorption. On the other hand, 
the absence of RANKL-positive cells, along with 

Table 2. The occurrence of RANKL-positive cells according to the 
radiological presence of osteolysis: a comparison of cemented 
and non-cemented implants.  
 

Type of 
osteolysis 

Lacunar Wider 
than  
2 mm 

1-2 
mm 

0-1 
mm 

Cemented implants 
Number of 
samples 

25 52 68 61 

RANKL positive 
samples 

22 5 1 0 

% of RANKL 
positive samples 

88 % 10 % 1 % 0 % 

Non-cemented implants 
Number of 
samples 

4 15 53 31 

RANKL positive 
samples 

2 0 0 0 

% of RANKL 
positive samples 

50 % 0 % 0 % 0 % 
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minimal osteolytic changes of the periprosthetic bone, is 
indicative of another mechanism of osteolysis initiation. 
The onset of bone resorption may occur at totally 
different rates among patients with the same type of 
implant. Variability in the patient response to wear debris 
likely reflects a multifactorial process, which can include 
factors of genetically based cellular reactivity. 

In the context of the various local factors 
possibly influencing the regulation of bone metabolism 
around a joint endoprosthesis, it is necessary to speculate 
about the role of adipocytokines, specifically about leptin 
and resistin. While leptin appears to be a factor regulating 
bone formation and the activity of osteoclasts, resistin can 
act as a local factor influencing inflammation. 
Understanding the role of these factors in the process of 
joint arthroplasty loosening is the goal of current studies. 
 
Conclusion 
 

We have demonstrated the presence of the 

osteoclastogenic molecule RANKL in the periprosthetic 
tissues around loosened total joint endoprostheses. We 
have shown that RANKL is present only in tissues with a 
large amount of wear debris and predominantly in cases 
involving loosened cemented implants. Our results also 
raise the question of whether the RANKL/OPG system is 
important for all types of joint implant loosening or if 
there are other mechanisms underlying the initiation of 
prosthetic loosening. 

Although it is generally understood that the loss 
of total joint implant fixation occurs secondary to the 
bone loss induced by wear debris, no consistent 
therapeutic approach is available to prevent these 
consequences for the patient. An understanding of the 
role of the key osteoclastogenic factors in periprosthetic 
bone loss may help to identify targets for future 
therapeutic approaches. 
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