
 

Dr Laxmi Chhuchar et al. JMSCR Volume 2 Issue 4 April 2014 Page 654 
 

JMSCR Volume||2||Issue||4||Page 654-664||April 2014 2014 

 
 

 
 

 
 
 

 
 

 
 
 

 

A New Horizon for Better Dental Implants – A Nanotechnological Approach 

 
 

Authors 

Dr Laxmi Chhuchar
1
, Dr Hiroj Bagde

2
, Dr Nitin Lokhande

3
 

Dr Abhishek Bezalwar
4 

1,2,3,4ACPM Dental College, Sakri road, Dhule,Maharashtra,India  

Email: drlaxmichhuchhar@yahoo.com, hiroj.bagde@gmail.com, drnlokhande@gmail.com, 
abhishekbezalwar@gmail.com 

 
ABSTRACT 
Current trend in dental implants include use of endosseous dental implant surfaces embellished with 

nanoscale topographies. The goal of this review is to consider the role of nanoscale topographic 
modification of titanium substrates for the purpose of improving osseointegration. There is a strong belief 

that nanoscale materials will produce a new generation of implant materials with high efficiency, low cost, 
and high volume. The nanoscale in materials processing is truly a new frontier. Metallic dental implants 
have been successfully used for decades but they have serious shortcomings related to their osseointegration  

and the fact that their mechanical properties do not match those of bone. Nanoscale modification of titanium 
endosseous implant surfaces can alter cellular and tissue responses that may benefit osseointegration and 

dental implant therapy. This paper reviews recent advances in the fabrication of novel coatings and 
nanopatterning of dental implants.  Important distinctions between nanoscale and micron-scale modification 
of the implant surface are presently considered.  It also provides a general summary of the state of the art in 

dental implant science and describes possible advantages of nanotechnology for further improvements. 
Keywords-Implants, Nanoscale, osseointegration, Nanotechnology, implant surface.  

 

Introduction 

Replacement of tooth and bone with metal implants 

and plates is one of the most frequently used and 
successful surgical procedures. Current dental 
implant success has evolved from modest results of 

the middle of the past century. Beginning in the late 
1960s the focused efforts of PI Branemark led to the 

detailed microscopic characterization of interfacial 
bone formation at machined titanium endosseous 

implants [1,2]. These concepts of osseointegration 
focused the profession on a proscribed surgical 

technique and the biocompatible nature of the 
machined titanium surface. Bone formation at the 
endosseous implant surface was considered a 

positive outcome that was contrasted to fibrous 
encapsulation, a negative and undesired result [3]. 

After decades of subsequent research in industry 
and academia, implants have evolved, with a high 
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percentage of survival rate and longevity. The 
research resulted in better design, better materials, 
and more extensive clinical experience compared 

with the early years of implant development. One 
can argue, however, that the progress has been slow 

and incremental. We are still using almost the same 
alloys described in the works of Branemark and 
Charnley, many of which were originally developed 

by the aerospace industry. 
        Dental implants have a long and successful 

history. The percentage of failure is very low, 
approximately 5%, mostly likely due to infection, 
rejection, accelerated bone loss, and poor 

osseointegration with loosening of the implant [4]. 
The most frequent cause for failure is insufficient 

bone formation around the biomaterial immediately 
after implantation [5]. Therefore, this is an area 
where improvements are needed. This is becoming 

even more important as clinicians are pushing for 
faster healing times. Challenging osseointegration 

with new protocols such as immediate placement 
and immediate loading may require further control 
of bone formation and osseointegration [6]. 

Consequently most modifications in the implant 
design are geared toward reducing the time needed 

to wait before loading. It is here that the implant 
surface and tissue interface are critical [7]. Current 
surface chemistries and morphologies are 

controlled, at best, at the micron level, but tissue 
response is mainly dictated by processes controlled 

at the nanoscale. Understanding and controlling 
interfacial reactions at the nano level is the key to 
developing new implant surfaces that will eliminate 

rejection and promote adhesion and integration to 
the surrounding tissue. 

 
Nanotechnology and surface science: 

Nanotechnology has been defined as ‘‘the creation 

of functional materials, devices and systems through 
control of matter on the nanometer length scale (1–

100 nm), and exploitation of novel phenomena and 
properties (physical, chemical, and biological) at 
that length scale’’ (National Aeronautics and Space 

Administration). Nanotechnology involves materials 
that have a nano-sized topography or are composed 

of nano-sized materials;   in the size range between 
1 and 100 nm (10-9 m)  Nanotechnology often 
involves one-dimensional concepts (nanodots and 

nanowires) or the self-assembly of more complex 
structures (nanotubes). Materials are also classified 

according to their form and structure as 
nanostructures, nanocrystals, nanocoatings, 
nanoparticles, and nanofibers [5].  

Application of nanotechnology to the dental implant 
surface involves a two dimensional association of 
surface features (across and away from the mean 

surface plane). These nanofeatures can be arranged 
in an organized manner (isotropic) or unorganized 

manner (anisotropic), often depending on the 
method of manufacture. Anisotropic topography is 
mostly applied to a dental implant surface. When 

these concepts are applied to the endosseous 
implant surface, implied is the embellishment of the 

surface with nanometer-scale features that lead to 
novel Physicochemical behavior (e.g. bone 
bonding) or biochemical events (e.g. altered protein 

adsorption, cell adhesion with changes in cell 
behavior). 

Nanoscale modification of the titanium endosseous 
implant surface may affect both the topography as 
well as the chemistry of the surface. Albrektsson 

and Wennerberg [8] divided implant surface quality 
into three categories: (1) mechanical properties, (2) 

topographic properties, and (3) physicochemical 
properties. They indicated that these characteristics 
are related and by changing any of these groups the 

others will also be affected. 
 

Surface modifications of dental implants: 

1. Ceramic coatings:  

Various coatings have been developed to improve 

an implant’s ability to bond to living   tissues, 
particularly bone.  This thin ceramic layer will bond 

both to the implant and to the surrounding tissue 
while promoting bone apposition. These materials 
are bioactive compounds able to promote cell 

attachment, differentiation, and bone formation. The 
most prevalent bioactive materials are calcium 

phosphates (CP), such as hydroxyapatite (HA) or 
tricalcium phosphate (TCP), and bioactive glasses. 
When implanted, these bioactive ceramics form a 

carbonated apatite (HCA) layer on their surfaces 
through dissolution and precipitation. This phase is 

equivalent in composition and structure to the 
mineral phase of osseous tissue. At the same time, 
collagen fibrils can be incorporated into the apatite 

agglomerates. The sequence of events is poorly 
understood but appears to be: adsorption of 

biological moieties and action of macrophages, 
attachment of stem cells and differentiation, 
formation of matrix, and, finally, complete 

mineralization [9–13]. 
Ideally, the coatings should be tailored to exhibit 

prescribed biological attributes for each specific 
application. They should have strong adhesion to 
the implant and good fixation to bone. Their 
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microstructure and dissolution rates must be 
programmed to match the in vivo healing process, 
and they could serve as templates for the in situ 

delivery of drugs and growth factors at the required 
times. Essential requirements of the new family of 

coatings include: (1) good adherence to the implant, 
(2) fixation to the bone, (3) fine gradient and 
thickness control with programmed dissolution rate 

in body fluids, and (4) therapeutic capabilities. 
These are discussed below. 

Coating/implant adherence:  Currently available 
coating techniques provide inadequate adherence of 
CP coatings to Ti alloys. Quoted bond strengths, 

15–30 MPa, are very low [14-17].  
Interfacial strength and toughness are needed to 

optimize the mechanical stability of the coatings. A 
need to develop standard procedures to test 
adhesion, and a clear understanding of the 

mechanisms of interfacial failure in the body 
environment is required. 

Fixation to bone— 
Two primary modes of attachment are: (1) 
mechanical, in which the implant has a rough, 

porous surface into which bone grows (often 
supplemented by use of a bone cement); and (2) 

chemical, in which bone “bonds” to the implant 
material. Here it is difficult to decouple the effect of 
coating chemistry and topography.  Dissolution of 

calcium and phosphorus from the coating may 
promote mineralization and bone formation but it is 

not clear how much coating solubility contributes to 
the best fixation, and excessive resorption can limit 
implant lifetimes [18,19] 

Programmed dissolution rates—A critical goal in 
the design of novel coatings is the programming of 

their dissolution (bioresorption) rates. [20]. Graded 
coatings designed with a soluble surface to facilitate 
bonding to bone and an insoluble layer in contact 

with the metal to provide adhesion, corrosion 
resistance, and long-term mechanical stability could 

offer a significant improvement over current 
materials. Both the composition and thickness of the 
graded coating layers can be controlled to 

manipulate the resorption rates. Their resorption can 
be programmed to match healing rates and to 

expose different microarchitectures, chemical 
patterns, and porosities at different times to 
optimize the biomaterial coating surface for 

different periods of the healing- in phase.  
Drug delivery— Inflammatory responses to 

implants are a significant problem.  Medications 
that are given to a patient following surgery to 
suppress inflammation   seem to be insufficient or 

entirely ineffective in many cases. [21-23]. A 
different approach is to provide a local dose of anti-
inflammation agents gradually released from a 

coating on the surface of the implanted device 
[24,25]. The main advantage of this approach over 

traditional means of administering the drug is that 
the drug can be directly released at the implant site 
without having to go through the bloodstream. This 

lowers the amount of drug needed, reducing the 
overall toxicity and side effects. In addition, growth 

factors that are known to encourage tissue- implant 
integration, such as TGF-β [26,27], may be 
delivered locally using this platform. These 

chemicals could be incorporated into the porosity of 
micro- and nanoporous coatings or could be 

dispersed in biodegradable polymers, and combined 
with the bioactive glass/CP coatings.  
Plasma Spraying Of HA:  Plasma spraying of HA 

being the most popular method [28-33], offers only 
rudimentary control of the coating thickness and 

composition. The thickness of plasma-sprayed 
coatings typically exceeds 50 μm. The high process 
temperatures cause partial thermal decomposition of 

HA, leading to the formation of other CPs, 
including 22–62% of highly soluble amorphous 

calcium phosphate [34-38], α- TCP, β-TCP, 
tetracalcium phosphate, and calcium oxide [39-41]. 
The result is coatings with unacceptable 

heterogeneous properties. Severe problems include: 
(1) unreliable adhesion—they can detach, yielding 

floating fragments [42]; (2) continued dissolution of 
the coating, leading to catastrophic failure of the 
implant at the coating-substrate interface [43]—

attempts to increase crystallinity and reduce 
solubility by post-coating thermal annealing 

markedly degrades the coating adherence [44-48]; 
(3) variability during processing in terms of 
resulting phases, stresses, and cracking [49-52]; (4) 

partial crystallization of the deposited coating, 
leading to the presence of more soluble CP 

compounds [53-55]; (5) significant degradation in 
the fatigue resistance and endurance strength of the 
implant alloy [56]; (6) very irregular morphology of 

the coatings; (7) poor control of the coating 
thickness, with greater risk of fracture, the thicker 

the coating; and (8) poor control of physicochemical 
properties, and hence the biological stability of the 
coating [57,58]. 

Sol-gel colloidal Particle Adsorption: Several other 
techniques have been used to apply CP coatings on 

metallic alloys, from sol-gel to RF magnetron 
sputtering and others [50,59,60]. These techniques 
may offer a more accurate compositional control 
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and the possibility of fabricating much thinner 
layers (of the order of 1 micron or less). This could 
be advantageous for coating stability, as the driving 

force for cracking and delamination decreases with 
the decreasing thickness. The nature of the coating 

and the process might be tuned in order to modify 
the interfacial strength 
Anodic Oxidation: Another technique worth further 

exploration is anodic oxidation, which has been 
used as a means to engineer the surface of Ti-based 

implants [64,65]. This technique can be used to 
create an adherent oxide coating on the implant 
surface. By selecting different electrolytes and 

manipulating the conditions, it is possible to create 
oxide layers with a wide range of stoichiometries as 

well as micro- and nanoporosities. It is also possible 
to incorporate Ca and P ions into the layers. This is 
a relatively simple and economical technique that 

can be easily adapted to fabrication, and anodized 
implants are commercially available.  

 
2. Surface functionalization: 

An alternative or complementary strategy to the use 

of coatings for dental implants is the 
molecular grafting or chemical treatment of implant 

or coating surfaces to enhance cell adhesion and 
promote mineralization, and the production of 
matrix and marker proteins. 

Proteins used for molecular grafting are present in 
the extracellular matrix, and implant surfaces that 

have been functionalized with fibronectin (FN), 
vitronectin (VN), or laminin (LN), to name a few 
[66]. Signaling Domains composed of several 

amino acids; are present along the chain of the 
extracellular matrix proteins and are the ones that 

interact with cell-membrane receptors. Example is 
Arg-Gly-Asp (RGD), the signaling domain derived 
from FN and LN. However, other sequences such as 

Tyr-Ile-Gly-Ser-Arg (YIGSR) or Arg-Glu- Asp-Val 
(REDV) have also been used [67-69]. 

Approaches  used to functionalize Ti surface with 
different molecules, from adsorption (physical or 
chemical) to the use of covalent bonding or self-

organized layers [],are immersion of        the 
material in a solution containing the desired 

molecules in order to promote adsorption on the 
surface, Covalent bonding using, linker molecules 
can promote stronger adhesion to the implant are  

used to attach proteins, signaling domains [70-72], 
antibiotics [73], and growth factors such as human 

epidermal growth factor or recombinant human 
bone morphogenetic protein-2 to Ti and TiO2 
surfaces [74,75] 

3. Surface topography of dental implants 

It has long been recognized that the chemical and 
morphological characteristics of implant 

surfaces affect the behavior of the surrounding 
tissues. The ability of the implants to support bone 

formation can be enhanced by modifying surface 
topography [76-79]. The topography of the implant 
surfaces can now be manipulated at a wide range of 

length scales, down to the nano level. Several 
implant designs use surfaces with large pores to 

promote bone ingrowth and favorable anchoring. 
Previous analysis indicated that these pores have to 
be of the order of 100 μm and larger to allow for 

bone ingrowth. These can be fabricated using partial 
sintering of metal particles or spheres on the 

surface. 
  Texturing of the implant surface at the micro level 
has been proposed as a feasible alternative to 

promote bone apposition. Different techniques to 
increase the surface roughness, including 

sandblasting, grinding, Ti plasma spraying, or laser 
texturing [80, 64, 81] It could be argued that the 
main advantage of microtextured surfaces is the 

contribution to mechanical interlocking and tissue 
attachment of the implant. It should also be noted 

that implants with surfaces too rough have a high 
possibility of peri- implantitis and that the roughness 
will affect the degree of hydrophilicity. This effect 

could be described using Wentzel equation cosθr = r 
cosθ (where θr is the macroscopic contact angle on 

the rough surface, θ is the true contact angle, and r 
is a ratio between actual and apparent area, r ≥ 1) 
[82]. Notice that according to this equation, for θ < 

90° as can be expected for Ti-alloy surfaces, 
roughness tends to decrease the contact angle 

(increase hydrophilicity). This simple model shows 
how roughness can be playing an effect at multiple 
levels [83]. 

 
4. Nanocomposites for bone regeneration: 

Ti and its alloys have had considerable advantages 
over other metals because of their inertness, which 
yields excellent biocompatibility and 

nonsensitization of tissues. Issues concerning the 
release of Ti and alloying elements from implants 

and the formation of Ti debris due to wear during 
implantation still remain. [84, 85]. Ceramic 
materials are known to have excellent aesthetics, 

corrosion resistance, and biocompatibility; several 
ceramic implants have been already 

commercialized. Unfortunately, in contrast to 
metallic materials, most ceramics suffer from 
almost a complete lack of plastic deformation; this 
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is due to the absence of mobile dislocation activity, 
although other modes of inelastic deformation, such 
as microcracking and in situ phase transformation, 

can provide limited alternative deformation 
mechanisms. The implications from this are that 

ceramics are inherently brittle.  
Recently, it has been shown that a possible path to 
combining high strength and toughness in a ceramic 

material is to take advantage of the transformation 
toughening mechanisms in Nanozirconia-alumina 

materials [86,87]. These materials consist of a 
dispersion of a small amount of tetragonal ZrO2 
particles (typically around 200 nm in size) in an 

Al2O3 matrix. The stress- induced phase 
transformation of metastable tetragonal grains 

toward monoclinic symmetry ahead of a 
propagating crack leads to a significant increase of 
the work of fracture. For the same pre-existing 

defects, these composites can work at loads two 
times higher than the pure materials without delayed 

failure. Hardness and stability are of prime interest 
in the dental field. Alumina-zirconia 
nanocomposites with relatively low zirconia content 

exhibit similar hardness values to alumina and are 
not susceptible to the hydrothermal instability [86-

88].   
 The stabilization of the tetragonal zirconia phase in 
the nanocomposites is thought to arise from a 

combination of surface energy effects, constraints of 
the rigid matrix, and stabilizing oxide additions, 

e.g., yttria, such that transformation can occur 
locally once the constraints are removed, in this 
case when the crack propagates [89-92]. It is then 

necessary to develop processing methods that will 
allow the fabrication of materials in which the 

zirconia grains have controlled sub micronic size 
and are homogeneously dispersed in the ceramic 
matrix. Colloidal procedures in which a liquid 

precursor of the zirconia phase is mixed with the 
powders of the matrix ceramic phase present great 

potential. The use of a liquid precursor allows a 
more intimate mixing and a more homogeneous 
distribution of nanoparticles, avoiding the formation 

of aggregates after the heat treatment [93].  
Alumina/zirconia nanocomposites offer an example 

of how nanotechnology offers an attractive path to 
the development of new implant materials but 
ceramics, even nanocomposite ceramics, will not 

replicate the unique combinations of mechanical 
properties of tooth tissues as they are, for example, 

much stiffer and wear-resistant. A possibility is to 
develop new hybrid organic/inorganic materials 
whose properties will closely match those of the 

tissue for which they substitute. Current hybrid 
organic/inorganic composites have significant 
problems related mostly to their mechanical 

performance and their degradation in vivo [94-95].   
  The tissues in teeth have very specific and 

sophisticated hierarchical architectures, 
withvstrength and toughening mechanisms built in 
at almost every dimension. Nano dimension is only 

one of them but we need to develop new 
technologies for the fabrication of materials with 

architectures designed at multiple length scales that, 
from the mechanical point of view, will exhibit 
extrinsic toughening mechanisms similar to those 

observed in natural composites. Recent advances in 
the processing of bio inspired materials may open 

new possibilities. In our laboratory we have 
pioneered a new technique, freeze casting, that can 
be used to fabricate ceramic-based composites with 

complex architectures to assemble novel, bio 
inspired hierarchical structures modeled after 

natural composites such as bone or nacre, striking a 
balance between mechanical and functional 
responses [96-97] This technique uses the controlled 

freezing of ceramic suspensions to generate porous 
ceramic scaffolds whose architecture is templated 

by the ice crystals. By controlling the composition 
of the suspension and the freezing conditions, it is 
possible to generate materials with complex 

hierarchical architectures that mimic those of the 
inorganic component of nacre at multiple length 

scales, from the nano to the macro levels. These 
scaffolds can subsequently be infiltrated with a 
second “soft” phase (e.g., polymer) to prepare 

composites that exhibit unique combinations of 
strength and toughness. In particular, it is possible 

to reach fracture resistance up to 300 times larger 
(in terms of energy) than that of their main ceramic 
constituents. As with natural materials, these values 

are much larger than what could be expected using 
the simple mixture of their components.  

 
Conclusions 

Nanoscale modification can alter the chemistry 

and/or topography of the implant surface. Different 
methods have been described to modify or to 

embellish titanium substrates with nanoscale 
features. Such changes alter the implant surface 
interaction with ions, biomolecules and cells. These 

interactions can favorably influence molecular and 
cellular activities and alter the process of 

osseointegration. Cell culture studies reveal that 
there exists a range of nanoscale topography that 
promotes the osteoinductive molecular program for 
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adherent osteoprogenitor cells. Additionally, 
nanoscale alterations may promote bone bonding 
behavior at the titanium bone interface. Nanoscale 

modification of titanium endosseous implant 
surfaces enhances interfacial bone formation 

measured as bone-to-implant contact. At this 
moment, both a hydrofluoric acid modified titanium 
endosseous implant with nanoscale features and two 

calcium phosphate nano feature-modified titanium 
implants are available for clinical use. The potential 

risks and benefits of manipulating biomaterial 
interfaces at the nanoscale will be defined by long-
term clinical evaluation of such endosseous devices.  
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