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Abstract: Many materials with different surfaces have beewetiped for dental and
orthopedics implants. Among the various materiatsimplants, titanium and bioactive such
as calcium phosphates and hydroxyapatite, are widsed clinically. Alendronate sodium is
a potent inhibitor of bone resorption used sucadbsin the treatment osteoporosis. Studies
indicate that alendronate sodium increases the ddteearly bone formation around dental
implants. The purpose of this study was to charamteand evaluate the binding capacity of
alendronate sodium implant surface of Ti-7.5Meated by biomimetic method and analyze
the response of bone to the surface of these inglargots were obtained from titanium and
molybdenum by using an arc-melting furnace. Theyevaeibmitted to heat treatment at
1100°C for one hour, cooled in water, cold workgdstvaging. Then, screw-shaped implants
(2.0 mm diameter by 2.5 mm length) were manufadtarel they were implanted in the rat's
femur. The bone-implant interface was evaluated histolalgesd after insertion of implants
into the femur of rats. These results suggestdhbkium phosphate coating with alendronate
sodium are able to promote the osteogenesis dacs of dental implants.
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1. INTRODUCTION

Bisphosphonates are potent inhibitors of bone pemor and are known to be osteoclastic
inhibitors that bind strongly to hydroxyapatitedhgh their high affinity for calcium, in both
synthetic hydroxyapatite and natural hydroxyapatithin the boneZenioset al., 2004).

In dentistry, reports indicate that bisphosphonatesease the rate of early bone formation
around dental implants by the local applicatioratendronate to calcium phosphate coated
and machined titanium implants after implantatioviy@ji et al., 2005). There is also
evidence suggesting that some bisphosphonates mawent osteocyte and osteoblast
apoptosis (Peter et al., 2005). Other effects tlthe induction of osteoblast proliferation,
the inhibition of inflammatory cells and improvenerf screw fixation (Bobyn et al., 2005).

Yoshinari et al, 2001 showed that the activity bé tosteoblastic cells cultured on
titanium plates immobilized with bisphosphonateséased, indicating that bisphosphonate-
immobilization has no toxic effect on osteoblastalls, and that it provides a favorable
microenvironment with osteogenic ability. Therefotkis method is expected to promote
osteogenesis at the bone tissue around the implluntgaigh the local action of the
bisphosphonates in vivo.

In a murine study, the local delivery of ibandrenegsulted of external fixation with the
use of stainless-steel screws and histologicalyarsaperformed five weeks postoperatively



showed inhibition of bone resorption at the bonewsc interface, after systemic
administration of alendronate sodiue(ioset al., 2004). Furthermore, in a canine study,
enhancement of bone growth into porous metal intplamas found following a single
systemic dose of zoledronic acid (Bobyn et alQ®0

In a recent study, implants coated with hydroxy@pand impregnated with zoledronate
showed better fixation in osteoporotic murine btmen that seen in the control group (Peter
et al., 2006).

The purpose of the present study was to evaluatédhe response to titanium implants
coated with thin calcium phosphates and followedrbgnobilization of bisphosphonates in
Vivo.

2. MATERIALSAND METHODS
2.1 Preparation of specimens

The Ti-7.5Mo alloy was produced from sheets of caroially pure titanium (99.9%)
and molybdenum (99.9%). Samples were first meltechn arc furnace under an argon
atmosphere. The ingots were then homogenised undaicuum at 1100°C for 86.4 ks to
eliminate chemical segregation. Then, screw-shapgtants (2.0 mm diameter by 2.5 mm
length) were manufactured.

Screw-shaped implants were immersed in a 5.0-M NaQttous solution at 80°C for
three days, washed with distilled water and driedt@C for 24 h using a methodology
proposed by Wei et al. (2002). After alkaline treant, samples were heat-treated at 600°C in
an electric furnace under an air atmosphere, ningdaat this temperature for 1 h and then
allowed to cool to room temperature in the furnace.

Samples were divided in two groups according SBmémsion: Group | (SBFx5 ) and
Group Il (SBFx5 and alendronate sodium).

The SBFx5 solution proposed by Barrére et al. (20@&s prepared by dissolving the
chemical reagents NaCl (40 g), Mg®BH.O (1.52 g), CaGI2H,0 (1.84 g), NgHPO,.2H,O
(0.89 g) and NaHC®(1.76 g) in 1000 ml of distilled water with vigor®wstirring and
constant bubbling of CO Samples of Group | placed in individual falcoasks containing
SBFx5 and samples of Group Il containing SBFx5 Viith pg alendronate sodium. Flasks
were placed on a rotatory shaker at 150 rpm fdnd#s.

2.2 Invivo implant

Six female 6-month-old Wistar rats were used fos #xperiment. Surgical procedures
were conducted under general anesthesia usinganitaneal injection of sodium thiopental
associated with subcutaneous injection of morplsnkate. Bilateral implantations were
performed at the distal end of the femurs. Groumplantations was in right femur and
Group Il was in leftThey were sacrificed thirty days after implantatio

2.3 Histological analysis

For histological analysis implants with surrourgltissue were removed and immersed in
formaldehyde. Samples were embedded in polymetleyhatrylate and after polymerization
cut with a saw and polished to thickness of 180 amd mounted on glass slides. Samples
were stained with Stevenel’s blue and Alizarinstins for light microscopy.



3. RESULTSAND DISCUSSION

In histological analysis for Group | (SBFx5) candsen side by side, vital bone maturing
and mature bone tissue close to the bottom of thelant. Regions of fibrous tissue
interposition are not found. The newly formed bdmaes features of normality with marrow
spaces filled with blood vessels. Are also obsems#ocytes and Havers systems. On the
other hand, mature bone tissue exhibits trabeddae set, small marrow spaces and large
numbers of osteocytes (Figure 1).

Implant

Figure 1 - Bone tissue along with newly formed baear the bottom of the implant.
Stenvenel’s Blue and Alizarin Red. 160X.

For Group Il (SBFx5 and alendronate sodium), tiveeee no regions of interposition of
fibrous tissue. When compared to the control grdbp, analysis of bone tissue at 30 days
shows a more mature tissue in most of the perinteténe implant. Thus, there are defined
and small marrow spaces. Increased number of gge=ois also found (Figure 2).

Implant

Figure 2. Mature bone at the perimeter of the impl&tenvenel’s Blue and Alizarin Red.
160X.



4. DISCUSSION

The success of dental implant treatment dependth@rhealing of both hard and soft
tissues. While osseointegration provides initialcass, the biological seal of the peri-implant
soft tissue is crucial for maintaining the longtesuccess of implants.

Calcium phosphates implants are well known for gosteoconductivity as well as for
direct binding to bone tissue in vivo (Cooper et &B98). Several hypotheses explain the
effect and final biological mechanism of the cafsiuphosphates coatings. Calcium
phosphates implants acts as a nucleation site &hibits crystallographic properties in
process of the newly developed structure. The walcion dissolves from the calcium
phosphates surface, resulting in the depositioa wineralized layer and stimulates the bone
cells to continue extracellular matrix synthesi aattification (Hayakawa et al., 2000).

Bisphosphonates (BPs), such as alendronate, risa&@;,dbandronate, and
clodronate, are an important group of drugs usedthi® treatment of metabolic and oncologic
pathologies involving the skeletal system. The main categories of BPs are non-nitrogen-
containing and nitrogen-containing BPs (Green, 200¢bn—nitrogen-containing BPs are
metabolized rapidly, whereas nitrogen-containings BEffe much more potent and are not
metabolized (Frith et al, 1997; Tenebaum et al0220The mode of action of BPs depends on
the chemical structure of the drugs (two phosphabeps attached to a central carbon atom
that forms a three-dimensional structure); howeweditional mechanisms of action exist.
This molecular construct enables the moleculetachtto bone, disrupt osteoclastic function,
and induce apoptosis (Fleich, 1998; Reszka & Ro@df3; Otomo-Corgel, 2007). BPs are
commonly used in the treatment of various osteobudita diseases including osteoporosis,
Paget's disease, multiple myeloma, tumors that stesti@e to the bone, and malignant
hypercalcemia because of their properties of inindpibone resorption by osteoclasts (Javed
&Almas, 2010).

Alendronate sodium is very potent inhibitors of eaesorption and the mechanism of
this phenomenon is likely to be at the cellulareleespecially as it applies to the activity of
osteoclasts. Also potent inhibitors of osteoclabbioe resorption, alendronate sodium have a
direct effect on osteoblasts (Schmidt et al., 1996)

Gandolfi et al., (1999) demonstrated that goodeddfitiation and osteoblastic activity
occur in cells in contact with bisphosphonates. liGm et al., (1998) suggested that
bisphosphonates might have, in vivo, a potentiajevant influence on cells of the
osteoblastic lineage, distinct from their inhibyt@ction on osteoclasts.

Histological analysis revealed that, both in theroWp | as in the Group Il no
interposition of fibrous tissue at the perimetetttod implant, which confirms the concept of
osseointegration when observed under light micimgo@ranemark et al., 1985, Zarb &
Albrektsson 1991). Moreover, both groups showed ebdissue observed features of
normality: blood vessels, osteocytes and Haversyatems. This shows that the bone was
found in the interface characteristics of vitalig well as interfaces observed by Carvalho et
al. (1994, 1997). However, in the group treatedebtissue is characteristic of more mature,
corroborating Chen et al (2010). For these authtasdronate (ALO) and calcitonin (CT), as
commonly used antiosteoporosis drugs in currenical practice, have been experimentally
confirmed to produce the effectiveness of promotiageointegration at the interface between
prosthesis and host bone and enhancing the longgtbility of the prosthesis (Chen et al,
2010).

5. CONCLUSIONS



In this in vivo study, the greatest degree of bawamtact was found around the
alendronate sodium-immobilized implants. The resate according by Cochran et al., (1998)
explanations of the mechanism for a greater degrdmne contact is that a more favorable
osteophilic property such as a higher rate of bogleattachment or proliferation, could be
responsible for this mechanism and that the higloere mineral density in the bone tissues
adjacent to the implants could be responsibleHerihibition of osteoclastic bone resorption
or direct promotion of osteoblasts.

However, these results suggest that calcium phosmuating with alendronate sodium
are able to promote the osteogenesis on surfédcEntal implants
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