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Abstract: Myriads of materials have been used for replacernémissing teeth through implantation. The sucaefss
these materials depend on the ability to integvate the host environment showing biological conilpiity, mechanical

compatibility, and morphological compatibility tdw@ surrounding vital tissues. Certain materialsehathown this

promising property and have been used in dentalaimbplogy. With recent advances in technology, ¢hesterials are
better able to improve fixation to bone throughisas surface modifications and bioengineering.

K eywor ds. Biocompatibility, Dental Implant, Surface Modifidan

interstitial Ti-6Al 4V (ELI) are the two most commo
titanium based materials. The first generation \githistory

Replacement of missing tooth with various material©®f 50 years of success consisted of titanium intslan
dates back to ancient period of Greek and EgyptiaWh'Ch were machined with a smooth surface textéisethe

civilization where bone, carved ivory, shells, nhegmd 'MmPlant surfaces were recognized to play an impontale
even animal teeth were used. Many materials werd Molecular interactions, cellular response and
introduced later on but unpredictable failures omiwith ~ OSS€ointegration, second generation implants witfases
them due to the lack of firm attachment. In 1952,Ferr  Which can accelerate and improve implant osseaiatien

Ingvar Branemark developed a threaded implant desig/€"e developed. These second generation of clipicaed
made of pure titanium that showed direct contath wbne. 'MPlants underwent mechanical blasting coupled of;, n
This phenomenon was called osseointegration, difine with acid etch, bioactive coatings, anodized andyrem

the American Academy of Implant Dentistry as “threnf recently, .Iasgr qu'f'ed surfaces [4]. .
direct and lasting biological attachment of a mital Pure titanium is a rather soft nonmagnetic mateiial

implant to vital bone with no intervening conneetiissue”  Undergoes a crystallographic change from alpha et b

[1]. With the emerging concept of osseointegration, aeyi Phase on heating to 883°C. Phase stabilizers like
were designed to mimic as much as possible ceffuminium and vanadium are added to improve the
interactions that normally take place during bondn€chanical properties of this metal. Aluminum aalies

remodeling. Currently the implant materials avdiahre &/Pha-phase condition stabilizer serves to incretee
diverse. Different materials, such as platinumyesil steel, Stréngth and decrease the weight of the alloy. dama

cobalt alloys, titanium and alloys, acrylic, carbsapphire, called as beta-phase stabilizer helps increaseluhglity.

alumina, tantalum, niobium, zirconia and calcium! € MOst common alloy contains 6% aluminum and 4%

phosphate compounds have been used as dental tmpi4gnadium called as Ti-6Al-4V. They are light, swornd
material [2]. highly resistant to fatigue and corrosion. Althoubhy are

stiffer than bone, their modulus of elasticity ffsgss) is
closer to bone than any other important implantaindthis
property leads to a more even distribution of strasthe
critical bone-implant interface because the bona an
implant will flex in a more similar fashion.

Recently due to the local adverse tissue reactimh a
immunological responses niobium (Nb) has replaced
vanadium, and Ti-6Al 7Nb has been proposed as an

1. Introduction

2. Titanium as an Implant Material

The evolution of titanium as biomaterial for impidras
dramatically increased in past few years becausésof
favorable combination of mechanical strength, cleaini
stability, and biocompatibility [3].

Commercially pure titanium (CpTi) and extra low
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alternative. Other elements like zirconium, tantalu coatings and modification of surface topographgrbance
palladium and indium are also being explored fagirth bone implant integration. Nowadays, the improvemant
ability to match the mechanical strength and cdoros the bone forming activity at the interface is conted to
resistance of Ti-6Al 4V, with improved biocompalityi [5]. nanoscale features that have the ability to indtlee
differentiation of stem cells along the osteogegpéthway
3. Corrosionin | mplant and help cell attraction and adhesion to extraaelinatrix
causing clustering of integrins into focal adhesion
Titanium forms a tenacious oxides layer in air orcomplexes (FA), and activate intracellular signglin
oxygenated solution of about 10-10¢ vithin a minute cascade all leading to a better osseointegratipn [8
and will repair itself instantaneously on damagemaght Various techniques have been used to create ndnadsa
occur during insertion of an implant. This layeddsein  on dental implant. Nanomateriadse essentially polymers
passivation and makes it corrosion resistant. Hewev reinforced by nanoparticles resulting in novel mate
accumulation of titanium in tissue can be observEte which can be used as light weight replacementsrietals.
normal level of Ti in human tissue is 50 ppm. Valoé 100 When brought into a bulk material, nanoparticle can
to 300 ppm are frequently observed in soft tissuestrongly influence the mechanical properties of the
surrounding Ti implants. At these levels, tissuamaterials. Chemical methods include anodic oxidaiio
discoloration with Ti pigments can be seen. Thi® raf which nanostructure with diameter of <100 nm isated
dissolution is one of the lowest of all passivateghlant on Ti implants through electrolytic reaction thakés place
metals and seems to be well tolerated by the bbodwa at the Ti anode, resulting in the growth of an exfdm.
study done, a newly developed beta titanium alleyTi This results in a surface with micropores which
24Nb 4Zr 7.9 Sn (TNZS) is considered a suitabletalen demonstrate increased cell attachment B#sting implant
implant due to its low modulus of elasticity andgthi surfaces with particles of various diameters is ohghe
strength. The corrosion behaviour of TNZS alloy wadrequently used methods of surface alteration inclvh
studied through static immersion in various simadiat aluminium oxide, titanium oxide and calcium phoggha
physiologic test solutions and compared with Cpdd &i  with particle size ranging from small, medium tage
6Al 4V. Results showed that quantity of each mekainent (150- 350 um) grit are used. Clinical studies hakiewn
released from TNZS alloy into fluoridated solutioves higher marginal bone levels and survival ratestiasted
much higher than non fluoridated solution. The Itotaimplant than machine turned implants [10]. Studiese
elemental release from TNZS was lower than CpTi &ind presented mixed result regarding aluminium oxidiedter
6Al 4V in the same solution [6]. blasting. Few authors have reported catalization of
osseointegration while others have shown impairedeb
4. Surface Treatment of Titanium :‘g;??iif]n by a possible competitive action with obain
| mplant Etching with strong acid produces micropits (0.5-2 pm)

) ) ) in diameter. Dual acid etching with HCI andS®©, heated
Though implant osseointegration takes place severgbove 100C has produced surface topography able to

months, the bone implant contact averages 70-808 Wigiach 1o fibrin scaffold and promote adhesion of
minimum of 60% even for successful implant thatéds — ,qieqgenic cells. Sandblasting and acid etchingA¢SL
for 17 years which lead to more areas of manipofati gyngplasted, large grit, acid etched surface)asywed by
for improvement on surfaces for better osseointigmna large grit (250-500 pm) blasting followed by etafiwith
[7]. . , , . . acids which also produces rough surface, microtegu
Previously implants had macro-irregularities like g cleaning and better bone integration [1RJasma
macroscopic threads, fenestrations, pores, gro®Ieps, gnraving gives a porous surface that bone can peeet
threads, or other surface irregularities that wésble. o6 readily and enhance osseointegration. Titanium
The idea was to create mechanical interlocking Betw 55 spraying consists of injecting titanium pewihto
implant and bone at the macro level. However, diffiy 5 pjasma torch at high temperature where partiekes
in achieving initial stability, post implantatiorelative projected on to the surface of implants where they
motion, adverse interfacial bone remodeling alldida ., 4ense and fuse together forming a film about A0
search for improvement of the surface quality of 313 |t has been shown that this 3 dimensionabgspphy
titanium dental implant in terms of the rate an®sgth  jncreased tensile strength at the bone implantfate and

of its osseointegration. , N have often been recommended for regions with lowebo
At the microscopic level, surface irregularities at that density.

level, possibly in conjunction with macro-irregutés. Fluoride (F) treatment- Titanium is very reactive t

This would afford the possibility of microscopic ,5rige forming soluble titanium fluoride in F soion.

interlocking of bone and implant, which might enéarthe 15 (reatment enhances osseointegration and dasgiob
load transmitting capabilities of the interface.cMiscopic  jigerentitation with increased expression of Chiasterix

level involves surface coatings and modificatiorsofface ;.4 pone sialoprotein [L4fluoridated rough implants also
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withstood greater push-out forces and showed a Various attempts have been made to improve and
significantly higher removal torque than controlplants. accelerate  osseointegration by  bioactive  factor
However, detrimental effect of F on the corrosionincorporation to titanium surfaces. Of these, ogbeic
resistance of titanium and titanium alloys has beedrugs, antiresoprtive drugs, such as biphosphonates
extensively reported. Fluorides are very aggreseivehe very useful in clinical cases with deficient bongpgort.
protective oxide formed on titanium and titaniuntogé Increased bone density locally in peri-implant ceghas
[15]. been demonstrated in PSHA implant immersed in
pamidronate or zoledronate.

5. Biomadification of Titanium Implant o _
7. Antibiotic Coatings

The addition of calcium and phosphate based migeria
as coatings have received significant attentiothase are Antibacterial coatings on the surface have beedietu
components of natural bone. Plasma sprayeas a possible way to prevent surgical site infestio
hydroxyapatite (PSHA) coating on titanium implagadl to Gentamycin along with the layer of HA can be coaiatb
improved maturation of newly formed bone tissue tlue the implant surface which may act as a local prégutic
the high biocompatibility and osteoconduction ofczan  agent along with the systemic antibiotics in demablant
phosphate materials and has been widely used fleratit  surgery. Study was done to investigate if differ@i,
hard tissue application such as hydroxyapatite (Eldgted atmosphere and surface properties could restrictebal
metallic implants and bone substitute materials.déating adhesion to titanium surfaces used in dental implan
is mainly indicated in type 4 bone (Misch and Judggsh  Titanium discs with machined or anodized (TiUnite™)
extraction socket and newly grafted sites. HA aagihave surface were incubated with a co-culture of Streptous
higher success rates in maxilla where it helpsdioiewe mitis and Actinomyces oris (early colonizers of lora
primary stability as it lowers corrosion rates amdbles to surfaces) at pH 5.0, 7.0 and 9.0 at aerobic or rabae
obtain improved bone implant attachment. Howevemtmosphere. The adhesion was analysed by courtdlogyc
sometimes delamination or dissolution of coating/iead forming units (CFU) on agar and by confocal laser
to implant failure [16]. scanning microscopy (CLSM). The results found that

Recently, laser deposition/ablation process resinits bacterial adhesion by S. mitis and A. oris candsgricted
titanium surface microstructure with greatly inged by acidic pH and aerobic atmosphere. The anodiadde
hardness, corrosion resistance, and a high dedrperity  reduced the adhesion of S. mitis compared to thehimed
with a standard roughness and thicker oxide layesurface; while A. oris adhered equally well to gwes of
Biological studies evaluating the role of titaniwahlation the anodized surface and to the grooves of the imedh
topography and chemical properties showed the pateri  surface [19].
the grooved surfaces to orient osteoblast cellchttent
and control the direction of in growth [14]. Using
histomorphometrical analysis, the effects of titemi

surface modification by laser ablation (Nd: YAG)léeved Tetracycline- HCI treatment has been regarded as a
by thin chemical deposition of HA was studied. Thsult practical and effective chemical modality for

showed that HA biomimetic coating preceded by las€fjecontamination and detoxification of contaminated
treatment induced the contact osteogenesis andeadiohe implant surfaces. It also effectively removes tiaear
formation of a more stable bone-implant interfagerein layer as well as endotoxins from the implant siwefac

earlier periods [17]. Further, it inhibits collagenase activity, incremseell
o proliferation as well as attachment and bone hgalin
6. Sputter deposition Tetracycline also enhances blood clot attachmerd an
retention on the implant surface during the inipabase of
the healing process and thus promotes osseoiritagfa0].

8. Decontamination of | mplant Surfaces

Sputtering is a process whereby atoms or moleafles
material are ejected in a vacuum chamber by bomixamtl
of high energy ions. Radiofrequency magnetron spint . . .
is a magnetically enhanced variant of diode spuigeused 9. Ceramic Biomaterials
to deposit thin films of calcium phosphate coatiras i)  Bioinert ceramics
titanium implants. Studies have shown that thesings Oxide ceramics were introduced for surgical implant
were more retentive, with the chemical structuréndpe yavices because of their inertness to biodegrauatiigh
precisely controlled [18]Magnetron sputtering is a viable gyrength, physical characteristics such as coldrraimimal
thin film technique as it allows the mechanicalgeuies of  ,orma| and electrical conductivitipl]. Ceramics have
titanium to be preserved while maintaining bioatfivof  paan used in bulk forms, and more recently as g&tbn
the coated HA. An outward diffusion of titaniumanHA | oia0s. Earlier, aluminium oxide used was shown to
layer, forming TiQ at the interface shows strong bondingpossess high biocompatibility and microscopicalighty

between coating and titanium. mineralized mature compact lamellar bone with no
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connective tissue or inflammatory cells presenttte it was apparent that dense or porous HA ceranuiaklde
interface. Despite its good osseointegration, itswaconsidered to be long term or permanent bone inplan
withdrawn from the market because of its poor siaviate  materials, whereas porous TCP ceramic could paténti
[22]. serve as bioresorable.

With recent advances in implantable biomaterials With a CaPs coating, metallic implants can be
research and technology, bioceramics such as xrcoralternatively regarded as scaffolds for bone-fogmaells
(zirconium dioxide) are now available. Zirconium that can further enhance early and strong fixatioa bone-
undergoes an oxidation and crystallization prooghich  substituting implant by stimulating bone formatistarting
allows it to transition into a structurally stabded inert from the implant surface [29Most successful method to
crystal. This bioceramic crystal is called YttriBtabilized apply CaPs coatings to implants to date seems tthde
Tetragonal Zirconium Polycrystal (Y-TZP) also cdlle plasma-spraying technique, due to its high depmsitate
zirconium dioxide. The strength and toughnessirebnia  and ability to coat large areas. It is the onlyto@amethod
can be accounted for by its toughening mechanisonsh that has been used for titanium dental implantslimcal
as crack deflection, zone shielding, contact shigldand practice.
crack bridging. Prevention of crack propagationdé On the basis of study done for evaluation of Cadings
critical importance in high-fatigue situations, bues those on osteoconduction, results showed that the additioa
encountered in mastication and parafunction [Z3]is thin layer of CaP to themplant promotes accelerated bone
combination of favorable mechanical properties msakehealing around porous-surfaced implants-even aiftdy 2
zirconia a unique and stable material for use ghfibad weeks of initial healing [30]Osteoporotic conditions have
situations. Zirconia is radioopaque and clearlsible on also shown good result with integration if coatedhw
radiographs. Its ivory color is similar to color natural calcium phosphates [31[mplant today can be coated with
teeth and is especially critical in the esthetinezaith high  biomimetic technology, and thus bioactive agenteywth
lip line smiles. Furthermore, with the developmenft factors, BMPs, osteogenic drugs can be incorporatixd
dental CAD CAM systems, this high strength ceramic CaP into the three-dimensional crystal latticewdmm
becoming the first choice in treating esthetic iamplcases. which they will be gradually released in vivo ag thayer
Besides these favorable properties, zirconia ip@sed to undergoes degradation [32].
accumulate lesser plaque than titanium [24]. Due to their self-hardening and appropriate meat@ni

A number of studies have been done to compangroperties, high osteoconductivity, excellent scefa
osseointegration of zirconia with that of titaniumplants. chemistry and surface topography to bone defedaces,
Most studies have revealed no significant diffeesnc CaP-based biomaterials can be used with outstanding
between the two and found similar attachment ofhbotresults in a number of dental applications, inatigdridge
implants to bone, with similar features ultrastaatly [25]. augmentation, implant coating, bone defect fill aidus
However, some studies also reported higher bone ftift [33].
implant contact (BIC) with zirconia than titaniunmdaan
increased proliferation of osteoblasts was founduaa .p
zirconia compared to titanium [26]. Periodontal extp 10. Carbon and Carbon Silicone
shows less bleeding on probing and less amount of Compounds
recession with zirconia than with titanium impl§21]. ) ) ) o o

Because of the lack of clinical reports on the loeign Carbon based biomaterials which eI|c.|ts .mlnlmallthos
success rates with zirconia implants, caution wégard to  '€SPOne have also been used for ceramic like g=atm

certain aspects of zirconia implants, such aslesgiength Metallic implants. In vitro study has shown betesll
and modulus of elasticity should be considereddttachment on carbon coated zirconia than uncoditexi

Nevertheless, studies in relation to its clinicagiin view [34]- Unlike metals, polymers and other ceramidwse

of its good osseointegration, esthetics and biogdibitity ~ Carbonaceous materials do not suffer from fatigiieeir
are supportive. intrinsic brittleness and low tensile strength terheir use

ii) Bioactive ceramic in major load bearing applications. However in ¢ypee of

Besides uses such as bone substitute and drugerjeliv Carbon blade type of dental implant, fracture loadse
vehicle, calcium phosphates have also been comsiderSOWn to be higher than forces expected in magiitg3s).
good option for implant coatings that may promote )
accelerated bone healing around implants [Z83lcium 11. Polymersand Composites
phosphate materials (CaPs), such as TCP (tricalcium

phosphate), glass ceramics, hydrooxyapatite aheded in
this category.These have excellent biocompatibility, noPOlymethylmethacrylate and polytetrafluoroethylemere

local or systemic toxicity, minimal thermal and electricalfirSt used in 1930s. However, low mechanical sttieraf

conductivity, no alteration to natural mineralipatiprocess PClymers has precluded their use as implant mégeria

of bone, lower mechanical tensile, shear and fatiguCOmpination of polymers and other categories offsic

strength. Based on numerous in vitro and vivo drpemts, Piomaterials (HA, Al O, Glass ceramics) have been used

Polymeric implants in the form of
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in porous or solid forms for tissue attachmentJaegment

and augumentation as coatings to transfer foremtioand References
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