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Summary

The bone surrounding a prosthetic implant normally experiences
a progressive quantitative reduction as a result of stress shield-
ing and wear debris production, that can lead to the aseptic loos-
ening of the implant. Dual-energy X-ray absorptiometry (DXA),
using software algorithms, can ensure a surrogate measure of
load redistribution after the implant of the prosthetic compo-
nents and can be a valid tool to evaluate the efficacy of pharma-
cological therapy to reduce the periprosthetic bone loss. In sev-
eral animal and human studies DXA has been able to quantify
antiresorptive action of bisphosphonates in the periprosthetic
area. 
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Introduction

Hip and knee arthroplasties are common procedures for the treat-
ment of degenerative disease of these joints. They are success-
ful orthopaedic surgical interventions with an optimal cost-effec-
tiveness rate, although no prosthesis has an unlimited duration
and often does not even cover the patient’s life expectancy. The
life of the prosthetic implants has increased over time, nowadays
the survival time is over 15 years for the 80%-95% of the implanted
hip arthroplasties (1). 
The implantation of foreign materials in the human body gener-
ates a series of modifications and adaptations in the host tissue.
The type and extent of these modifications depend on different
factors: biocompatibility of the material, interference with the bio-
mechanical characteristics of the host tissue, wear and wear de-
bris rate of the components of the implanted material, state of the
host tissue, local and general reactivity. Therefore the bone sur-
rounding a prosthetic implant normally experiences a progressive
quantitative reduction (bone loss) as a result of two main factors:
stress shielding and wear debris production (2, 3).
Stress shielding involves the physical phenomenon of subtraction
of a part of the bone from the physiological load and thus the me-

chanical strains which determine a normal remodeling. This is due
to the different stiffness of the implanted material compared to the
surrounding bone. This phenomenon occurs most frequently with
femoral stems of a greater size and rigidity, and normally involves
the proximal third or half of the femur. In cemented implants, the
cement creates a better distribution of the stresses and as such
the phenomenon is less relevant. The periprosthetic bone responds
to these modifications of the mechanical stress with an adaptive
bone remodeling, thus leading, in case of hip arthroprosthesis, to
a relevant bone resorption at the calcar and trochanter regions,
and with a neoapposition in the distal diaphyseal region (4).
Recently it has been postulated that the pathogenesis of bone re-
sorption related to stress shielding is due to the activity of os-
teocytes. These cells are interconnected with each other and with
osteoblasts and lining cells via dendritic processes forming a com-
munication network throughout the bone matrix and the bone sur-
face. It has been hypothesized that osteocytes mediate bone adap-
tation to mechanical strain. This theory is supported by recent ev-
idences demonstrating that ablation of osteocytes result in lack
of responsiveness of the skeleton to strain (5). Sclerostin, produced
by osteocytes, is a molecule that stimulates osteoblasts to pro-
duce the receptor activator of nuclear factor-κB ligand (RANK-L)
leading to an increase of osteoclastic activity. Sclerostin expres-
sion decreases following mechanical strain (bone anabolic
process) (6), while it increases in unloading conditions (6, 7). This
suggests that sclerostin suppression might be required to enable
local bone-forming responses to mechanical strain. Blocking scle-
rostin action could be promising to prevent bone loss related to
stress shielding phenomena. 
Osteolysis, induced by the presence of wear debris, leads to the
aseptic loosening of the implant (8). Particulate debris originates
from the attrition of the prosthetic surfaces. This debris is normally
made up of particles of polyethylene which are the principal com-
ponents of the acetabular cup (9, 10). Wear debris causes a flo-
gistic response with the production of mediators of the inflammation
and cytokines, with activation of the RANK/RANK-L axis, which
is indicated by expression of RANK, RANK-L, and osteoprotegerin
(OPG) in periprosthetic membranes (11, 12). 
This activation culminates in an enhanced osteoclast recruitment
and activity adjacent to bone-implant interfaces, leading to oste-
olysis and loosening of the implant. The presence of particles is
not in itself sufficient to justify the foreign body reaction. This will,
in fact, occur when there is enough mobility of the prosthetic im-
plant to increase the “effective articular space”, enabling the mi-
gration of the particles in the bone-prosthesis interface, with a pump
mechanism, determined by the pressure cycles induced by
movement during joint motion (13). Periprosthetic osteolysis is thus
the result of the combined action of an increase in bone resorp-
tion, stimulated directly by the particles or through a process of
inflammation, associated to reduced bone neoformation caused
by a depression of the osteoblastic activity as a result of the tox-
icity of the debris (14) (Figure 1).

Measure of the bone response to implant

Dual-energy X-ray absorptiometry (DXA) can ensure a surrogate
measure of load redistribution after the implant of the prosthetic
components. Traditionally, bone resorption has been assessed
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by visual interpretation of radiographs; however, quantitative stud-
ies employing X-ray densitometry have demonstrated that
changes in density as large as 20% can be due to differences in
film response, exposure variations, and positional inaccuracies.
Dual-energy X-ray absorptiometry was developed to measure the
bone mineral density (BMD) of the lumbar spine, the femoral neck
and the total body, with a minimal radiation exposure for the pa-
tients. The technique has been extended to the measurement of
periprosthetic bone density using software algorithms for the de-
tection of the bone around the implant. With this technique it is
possible to have information about BMD measured in the seven
Gruen zones (Figure 2). The reproducibility of the measurements
(coefficients of variation) is in the range 1.8 to 7.5%. Measurement
of bone mineral density is an indirect index of distribution of me-
chanical burden, induced by a particular prosthetic design, and
of consequent bone biological response. DXA can easily adapt
its periprosthetic analysis algorithm to the specific requirements
of new implant designs (15).
There are many studies supporting the precision of BMD mea-
surements by Dual-energy X-ray absorptiometry at the proximal
femur, before and after implantation of an uncemented prosthe-
sis. DXA periprosthetic analysis is an accurate and reproducible
procedure when leg positioning and rotation are precisely main-
tained (16). Being periprosthetic BMD directly related to the im-
plant design, it is possible to compare the effects of different im-
plants on periprosthetic bone remodeling (17). It might be useful
to perform a preoperative DXA analysis to support the choice of
implant components. 

Periprosthetic BMD and drug therapy

The hypothesis that a pharmacological intervention can interfere
with the process of bone loss around the implant, and therefore
prevent or delay its loosening has been the aim of several stud-
ies (18). The rationale consists of the possibility of blocking the
osteoclastic activation which follows both the reduction of the me-
chanical stress in some areas, as well as the release of local fac-
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Figure 2 - Seven Gruen zones in DXA periprosthetic evaluation. 

Figure 1 - Macrophage as the pivotal cell of wear debris induced inflam-
mation. 
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tors, in particular RANK-L, produced during the inflammatory
process that is triggered by the presence of debris. Moreover there
is also a rationale in favouring the osteoblastic activity and, there-
fore bone ingrowth. 
Suitable drugs to inhibit bone resorption around the implant, are
the bisphosphonates (BPs). These drugs reduce bone turnover,
inhibiting the osteoclastic resorption, preserve the existing bone
architecture and reduce the incidence of osteoporotic fractures,
but have a limited action on bone neoformation, as documented
by a poor osteoid surface, a low percentage of mineral apposi-
tion and a low frequency of activation (19). Several studies demon-
strated that bisphosphonates can modulate periprosthetic bone
loss related to osteoclastic activity enhanced by cytokines produced
during flogistic response to wear debris. BPs can reduce, in a se-
lective way, the osteoclast activity via inhibition of farnesyl py-
rophosphate synthase (FPPs) enzyme with consequent de-
crease of levels of geranylgeranyl diphosphate (GGPP) enzyme,
necessary to prenylation of some Guanosine-5’-triphosphate (GTP)
proteins that are essential for cell life (20). BPs also seem to en-
hance osteocalcin levels, collagen type I and bone morphogenetic
protein 2 (BMP-2), that are products of osteoblastic activity in col-
ture. Alendronate, risedronate and zoledronate can increase pro-
liferation and differentiation of bone marrow stromal cells with a
demonstrated upregulation of the genes that codified for BMP-2
and CBFA-1 (Core-Binding Factor A-1) (21). These data seem to
support the hypothesis that BPs could have a weak anabolic ef-
fect.
Another potential prophylactic approach to reduce periprosthet-
ic bone loss is the use of anabolic agents that could enhance os-
teointegration by increasing bone formation around the implant.
Teriparatide (1-34-PTH) and parathyroid hormone (1-84-PTH) have
been licensed to treat postmenopausal osteoporosis. These an-
abolic agents exert their action essentially enhancing the number,
activity and survival of the osteoblastic cells. For these reasons
they seem to represent ideal drugs to increase periprosthetic bone
ingrowth (22). 
Strontium ranelate demonstrated an action on bone remodelling
with a particular mechanism, in fact, it can inhibit bone resorption
and, at the same time, stimulate bone formation (23, 24, 25). It
has been postulated that Strontium modulates the RANK-L/OPG
pathway through its affinity for the calcium-sensing receptor (CaSR)
on the osteoblastic cells. This dual mechanism of action seems
to be very interesting in order to enhance periprosthetic bone mass.
Furthermore, other agents such as non steroid anti-inflammato-
ry drugs (NSAIDs), tumor necrosis factor (TNF) antagonists (eg,
etanercept, infliximab, adalimumab) and interleukin-1 antagonists

(eg, anakinra) could be active in preventing osteolysis progres-
sion. Etanercept (humans TNF receptor: Fc protein therapy) can
reduce osteoclastic bone resorption in vitro and in the mouse cal-
varial osteolysis model, but it failed to demonstrate an obvious ef-
fect in a small sample of patients with osteolysis (26).
RANK-L antagonists (denosumab) are now considered to be the
most promising candidates for nonsurgical management of os-
teolysis. They are potent inhibitors of osteoclasts even more than
the bisphosphonates and may offer another future approach to the
treatment of established implant loosening or its prevention (27)
(Table I).

Animal and Human studies 

Numerous studies on animal models demonstrated that bispho-
sphonates inhibit bone resorption even in the periprosthetic area
(28, 29, 30). 
Fokter et al. (31) studied the effects of etidronate on periprosthetic,
controlateral hip, and spinal bone mineral density in a one-year,
perspective, placebo randomized, double-blind study on 46 pa-
tients treated with cemented hip arthroplasty. There were no sig-
nificant differences between mean periprosthetic BMD scores in
the two groups, with the exception of the Gruen zone 3 at six
months. These findings suggest that cyclic etidronate therapy has
no significant effect in suppressing periprosthetic bone loss fol-
lowing cemented hip arthroplasty. 
Also pamidronate seems to be uneffective in reducing peripros-
thetic bone loss. In a case-control study on an animal model, Xing
et al. demonstrated that it didn’t enhance osteointegration, mea-
suring bone density around the implant (32). 
Shanbhag et al. showed alendronate efficacy to reduce peripros-
thetic bone loss induced by debris in a canine model of hip arthro-
plasty (30). Nehme et al. reported that administration of alendronate
led to a significant reduction in peri-prosthetic bone loss at 2 years
follow-up (33). 
Bhandari et al. (34) conducted a systematic review and meta-analy-
sis of randomized placebo controlled trials to determinate the ef-
fect of bisphosphonates on BMD following total joint arthroplas-
ty. By applying strict eligibility criteria only 6 studies were select-
ed. Of these only two were blind. Of the 6 studies, two were re-
lated to cementless hip arthroplasties, one to cemented hip pros-
theses, one to hybrid hip prostheses and two to cemented knee
arthroplasties. In 5 of the studies alendronate had been used while
pamidronate had been used in the other. BMD decreased in all
cases after the third month, but in a significantly lesser percent-
age in the patients treated with bisphosphonates. This difference
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Table I - Potential Drugs for Aseptic Loosening.

Drug Class Drug Approved Indication

Bisphosphonates Alendronate, Risedronate, Zoledronate Inhibition of osteoclastic activity

Anabolic Agents PTH, Teriparatide, Stimulation of osteoblastic activity

Dual agents Strontium Ranelate Inhibition of osteoclastic activity and  stimulation 
of osteoblastic activity

NSAIDs Celecoxib Inhibition of COX2 and PG2

TNF-antagonists Etanercept, Infliximab, Adalimumab Inhibition of osteoclastic activity

IL-1 Antagonists Anakinra Inhibition of osteoclastic activity

RANKL- Antagonists Denosumab Inhibition of osteoclastic activity
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persisted at the densitometric evaluation at the 6th month and was
confirmed in the cases controlled at 12 months. 
Ching-Jen et al. demonstrated that, also in knee arthroplasty, al-
endronate was active in reducing periprosthetic bone, with per-
sistence of the effect for two years when oral alendronate was giv-
en for 6 months (35). 
More recently, Arabmotlagh et al. (36) demonstrated, using DXA,
that patients treated postoperatively with alendronate (10 mg/day
oral alendronate for 10 weeks or with 20 mg/day for 5 weeks) have
a beneficial effect that persists at six years after total hip arthro-
plasty, with no significant changes detected in femoral peripros-
thetic BMD when compared with results at 1 year. These results
suggest that the prevention of femoral periprosthetic bone loss fol-
lowing total hip arthroplasty (THA) achieved by postoperative al-
endronate is of long-standing effect, and further bone loss does
not occur after the first year.
Yamasaki et al. (37) evaluated the effects of risedronate on peripros-
thetic bone loss after cementless THA. At 6 months postopera-
tive decrease of BMD in the risedronate group was significantly
lower than in the placebo group.
Recently it has been demonstrated by Goodship et al. that peri-
operative administration of zoledronate (10 microg/kg) reduced
calcar osteopenia and maintained functional integration of the
femoral component in an ovine hemiarthroplasty model (38). 
There are few studies investigating the efficacy of bisphosphonates
locally delivered by an hydroxyapatite-based site-specific system
(39, 40). Suratwala et al. (40) demonstrated that a hydroxyapatite-
bisphosphonate composite improves periprosthetic bone quality
and osteo-integration of an intramedullary implant even in the pres-
ence of ultra-high-molecular weight polyethylene particles in an
experimental rat femur model. Periprosthetic bone mass was an-
alyzed by DXA and microcomputed tomography. The results
showed a greater BMD in the periprosthetic bone region in the hy-
droxyapatite-zoledronate group than in the control group. Re-
gression analysis demonstrated a high correlation between
periprosthetic bone mass and peak pullout forces.

Conclusions

DXA represents an easy and reliable option to follow the natural
history of the bone around a prosthetic implant. At an early stage,
it allows to quantify the amount of bone loss at a local level due
to the modifications of mechanical loads, related to stress shield-
ing. Moreover in case of wear debris osteolysis, DXA could be use-
ful to study its evolution and the response to the conservative treat-
ment.
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