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Abstract

Recent advancements in engineering tools and techniques coupled with the extrapolation of
nanotechnology in the field of dental implant science have rendered incorporation of nano scale features
on dental implant surfaces feasible. Most of the nature’s biological process, including bone formation
occur at nanoscale levels, so this endeavour is basically an attempt to mimic the nature’s nano science in
order to achieve better osseointegration levels and higher implant success rates. Such nano-modified
implants in addition to macro- and micro-scale features also have nano features incorporated within the
micro-topography.Several methods have been developed to incorporate nano scale features within the
micro-topography of implant surface and dental implants possessing such combination features have now
been made commercially available.

Keywords: nanotopography, microtopography, contact guidance, discrete crystalline deposition, ion
beam assisted deposition, laser ablation

Introduction

Nanotechnology has been defined as the science and engineering involved in the design,
synthesis, characterization and application of materials and devices whose smallest functional
organization, in at least one dimension is on the nanometer scale M. The National
Nanotechnology initiative in US has ascertained the scale range of nanotechnology as 1 to 100
nanometers. The basic principle governing this technology has its root in the science of
guantum mechanics, and to be more specific, quantum size effect on matter. The quantum size
effect describes the physics of electron properties in solids with great reductions in particle
size 2. This effect begin to dominate the behaviour of the matter as soon as the size
approaches the nanoscale range and subsequently the matter exhibit substantial departures
from the property of their bulk materials. That is to say, materials reduced to nanoscale size
might display entirely different properties from their bulk materials. It happens because the
properties of any bulk material are the average of all the quantum forces of all the atoms that
constitute the material, but as the size of the material is gradually diminished to the nanoscale
level specific behaviour of the individual atoms or molecules comes into play; which may be
entirely different when such individual atoms or molecules were aggregated to form the bulk
material.

Nanotechnology has found a wide range of applications in health and medicine and the
concept has also extrapolated to the field of dental implant science. It has been discovered that
while microscale topography of implant surface influences osseointegration at cellular level,
nanoscale topography influences osseointegration at both molecular and cellular level. Nano-
scale modifications of implant surface exhibit alteration not only in surface topography but
also in chemical properties. Cell responses differ depending upon topography and surface
chemistry, and thus by controlling these parameters it becomes possible to target specific
cellular response and modulate them in such a manner that higher level of osseointegration is
attained. Nowadays, a great variety of methods to incorporate nanoscale features on the dental
implant surfaces have been developed and several dental implants possessing these features are
commercially available in market.

Rationale & biological basis
Most of the nature’s biological process including bone formation occur at nanoscale levels,
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which has been attributed at least in part to the ability of the
living cells to interact with nanometric extracellular features.
This biological effect is mediated by transmembrane receptor
protein called integrins. The integrins have ligand binding
sites in their extracellular domains that binds to specific
peptide sequence of extracellular proteins. An example of
such peptide sequence is arginine-glycine-asparatic acid
(RGD) present in extracellular protein like fibronectin and
vitronectin. The cystolic domain of the integrins bind to a
large number of proteins such as paxillin or zyxin either
directly or via scaffolding proteins l. These proteins are
found to have a role in the intracellular signalling via
mechano-transduction pathway that ultimately brings about
the desired cell response. Following the placement of dental
implant at the osteotomy site, blood is invariably the first
tissue that comes in contact with its surface. Blood contains
over 200 proteins and it leads to deposition of protein
monolayer on the implant surface*. Composition of this
protein monolayer is largely governed by topography and
chemical properties of the implant surface. Nanoscale
modifications of the implant surface may favourably alter the
topography and chemistry of the implant surface. It needs to
be emphasized that proteins are charged molecules that
change conformation (i.e. the protein’s 3D shape) depending
upon their electro-chemical environment. Therefore surface
charge characterestics of the implant are thought to determine
a protein’s conformation which in turn is determined by
surface chemistry of implants. The conformation of the
protein is important as it determines whether certain bioactive
peptide sequences located within the protein will be available
for the incoming cells ™. Also, Protein molecules have sizes
in order of nano-meters (10°m). Therefore nano-irregulaties/
structures on the implant surface will provide effective
surface for proteins to interact, configure and bind. Webster et
al. Bl in their study showed increased vitronectin deposition
on nanophase alumina, titania and hydroxypatite than it was
on the conventional surfaces of the same ceramics. This
resulted in greater osteoblastic adhesion on these nanophase
materials compared to their conventional surfaces.

Stem cells are a class of undifferentiated cells that are capable
of self-renewal (producing copies of themselves) and has the
potential to differentiate into specialized cell types depending
upon their biophysical and biochemical microenvironment.
Human mesenchymal stem cells (hMSCs) can give rise to
multiple cell lineages (adipocytes, myoblasts, osteoblasts)
depending upon the extracellular micro-environment. Runt-
related transcription factor 2 (RUNX2), also called Cbfal is
the master gene necessary for osteoblast lineage commitment
(1, Bone morphogenic protein 2 (BMP-2) induces expression
of Osx transcription factor independent of RUNX2 7], Osx is
involved in the differentiation step from pre-osteoblast to
mature osteoblast and induces osteocalcin expression [8l,
Osteocalcin is expressed only by fully differentiated
osteoblasts 1. Type I collagen (COLL-1) is expressed in high
levels in the early synthetic phase to support the proliferating
cells % but its expression gradually declines as the cell
matures ', Alkaline phosphatase (ALP) a membrane bound
enzyme contained in the matrix vesicles that contributes to
making the extracellular matrix competent for mineralization
10 It is considered an early marker of osteoblast
differentiation; hence, it expression increases during
extracellular matrix maturation and decreases when
mineralization is well progressed [2. Living cells are
remarkable in their ability to sense nano-structure and
nanoscale surface modifications of dental implants have been

shown to influence cellular behaviour. Flouride modification
of titanium alters the surface oxide layer and creates a fluoride
containing titanium oxide layer with a characteristic
nanostructural surface topography 4. Several studies have
shown that Fluoride- modified titanium implant surface
exhibit increased expression of RUNX2 [13 1 OSX [ and
COLL-I 1*31 genes.

Contact guidance refers to the ability of the cells to orient,
grow and organize along a substrate influenced by
geometrical patterns such as nano-or micro-sized grooves. It
has been found that when the dimensions of the grooves on a
micro-textured or nano-textured surface are reduced to the
sizes of the cells or less, cells become responsive to these
geometrical cues. Osteablasts like cells align along the nano-
grooves for groove size wider than 75nm 8, Fibroblasts align
on grooves wider than 150nm 071, In retrospect, too large
values of groove widths can diminish the effects of contact
guidance [, On certain groove width cell density,
proliferation and synthesis show marked improvement.
Commercially available Laser-Lok implants (Bio-horizons,
Birmingham, AL, USA) processed by laser ablation
technology to generate a pattern of micro-and nanoscale
microchannels exploits the phenomenon of contact guidance.
It has extremely consistent microchannels that are optimally
sized to attach and organize both osteoblasts and fibroblasts.

Nano-modification methods

With the essence of macro-and micro-topographical features
in relation to implant surface been very well established and
market being flooded with such implants exhibiting both these
features, the research paradigm in implant industry has now
been shifting towards nano-modified implants. Such implants
in addition to macro and micro-features also has nano features
incorporated within the micro-topography. Research studies
have shown that several industrial methods, both physical as
well as chemical, can be employed to incorporate nano -scale
features to dental implant surfaces. However, with the current
state of technology only few of these methods have been
considered economically viable from the point of view of
commercial production.

Four novel implant surfaces presenting nano scale features
have been produced and made commercially available. These
include Nano Tite™ (Bicon LLC, Boston, USA), Nano Tite™
(Biomet 3i, Palm Beach Gardens, USA), OSSEAN™ (Intra-
Lock International, Boca, Raton, FL, USA) and Osseo
Speed™ (Astra Tech, AB, Mdolndal, Sweden). Besides some
of the implant surfaces like SLA active (Institut Straumann,
Basel, Switzerland) and TiUnite (Nobel Biocare, Zurich,
Switzerland) which were initially not developed with the
intention of incorporating nano features, was discovered
afterwards by scientific reports to actually possess these
features (29,

The Bicon surface of Nano Tite™ is prepared by initially
treating the implant surface by subtractive method (alumina
blasting and acid etching) to obtain a moderately roughened
micro-textured surface followed by an additive method in
which 20-50nm thickness of amorphous calcium phosphate
coating is deposited on it by ion beam-assisted deposition
(IBAD) method. The rationale for depositing such thin film
on the moderately roughened micro-textured surface was to
exploit the bioactive nature of calcium phosphate and avoid
long term complications due to fracture or delamination of
thick calcium phosphate coatings deposited by conventional
method. Due to the osteogenic potential of calcium phosphate,
bone formation at the implant site will be hastened and at the
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same time due to amorphous configuration of these coatings,
they would be entirely dissolved from the surface leading to
intimate contact between the bone and implant surface.

The Biomet 3i surface of NanoTite™ is also prepared by
initially treating the implant surface by subtractive method
(dual acid etching) to generate a micro-textured pattern
following which a sol-gel process is performed called discrete
crystalline deposition (DCD) for the deposition of nano-sized
hydroxypatite crystals on the discrete regions of micro-
textured implant surface. These crystals roughly make up
50% of total area of implant surface [°l. The rationale behind
DCD method is to render a multiscale scale texturing to the
implant surface (both micro- and nano-texture) in addition to
the osteoconductive potential of hydroxypatite coating. The
main advantage gained by this coating method is that since
the hydroxypatite crystals are deposited on discrete rather
continuous regions on the implant surface, the micro-
topography generated by dual acid etching process remain
unobliterated by the surface coat on at least half of the
implant surface area.

The Ossean™ surface of Intra-Lock implant is manufactured
by robotic micro-blasting of the implant surface with calcium
phosphate powder that simultaneously results in nanometer
scale topography within the larger scale micro-topography. A
unique feature of this surface of ossean surface is the
existence of fractal phenomenon i.e. to say they are
characterized by a having a surface topography that is similar
at all levels of magnification from macroscale to nano-scale.
Calcium phosphate molecules (More than thousand times
smaller than nanoparticles) have been found to be
impregnated in the titanium oxide layer by AUGER
spectroscopy which retain their bioactive activity and render
the surface osteoconductive.

The Osseospeed™ surface is prepared by initially blasting the
grade 4 titanium implant surface with TiO, particles to create
micro-roughness and then treating it with dilute HF to
generate nano-meter scale texturing. SEM investigations
show that HF treatment reduces the roughness at micro-scale
but it incorporates nano-scale features within the micro-
topography.

The Ti Unite surface of Nobel Biocare dental implants is
modified by Anodic Spark Dissolution (ASD) in an
electrolyte bath containing phosphoric acid. This surface
treatment results in thickened titanium oxide layer (up to 10
pm) and a moderately rough surface (Rs=1.2 pm) topography
with micropores as well as nanopores?'. Many Studies have
also shown the presence of phosphorous in the oxide layer.
Thus the enhanced osseointegration levels seen with Ti Unite
surfaces compared to machined surfaces can be attributed to
both its chemistry related factors as well as topographic
factors.

The abbreviation SLA stands for sand blasted, large grit and
acid etched and was introduced by Buser et al. in 1991. The
surface is produced by large grit 250-500um blasting process
followed by etching with hydrochloric acid/sulfuric acid.
Sand blasting generates macro roughness and acid etching
leads to microtexture and cleaning 2> 2% 24 SLA implant
surface (Institut Straumann AG, Basel, Switzerland) is found
to be highly osteoconductive®® but one of its limitation is its
hydrophobic nature 26, A modified SLA surface with high
hydrophilicity and surface free energy has been developed
and made commercially available under trade name SL
Active, (Institut Straumann AG, Basel Switzerland). The mod
SLA surface are produced similarly like SLA surface, but
after same sand blasting and acid etching procedure, the

implants are rinsed in N, protection and directly stored in
isotonic NaCl solution at pH 4-6, again protected by N filling
[27. 28] The Na and Cl solutions shield the hydroxylated
dioxide layer from contamination with hydrocarbons and
carbons from the atmosphere thus preserving the
hydrophilicity of the implant surface. Once the implant is
placed, sodium and chloride ions easily dissociate from
surface creating a creating a clean chemically active
hydrophilic dioxide layer 7). Though not explicitly labeled as
a nano structured implant surface, studies have shown that the
SLA ctive implant surface do exhibits elements of
nanotopography.

Recent research trends have also been focused on coating the
implant surface with metallic nano particles in an attempt to
exploit their anti-microbial nature, thereby improving the
overall success rate of implants by preventing bacterial
infiltration and bio-film formation. In this regard, silver nano
particles (SNPs) have received special attention. SNPs have
higher anti-microbial potency than free silver ions ?°! and
their antimicrobial effect is attributed to their ability to adhere
and induce gaps in the bacterial cell membrane ultimately
leading to fragmentation of the cells . They are effective in
typically low doses over the implant surface which render
them non- cytotoxic and biocompatible. Various techniques
can be employed to impregnate the implant surface with
SNPs. Zhang et al. BY used Micro-arc oxidation (MAO)
method to incorporate silver nano particles onto the porous
TiO3 coating on the implant surface. They proposed that their
applied ion implantation method may act as a promising
approach for producing bacterial resistant implant surfaces.
Other metallic nano particles like CuO nanoparticles and ZnO
nanoparticles are also being looked upon in this regard due to
their potential anti-microbial effect.

Certain metallic nano particles have been found to possess
osseointegrative capability. In this regard, gold nanoparticles
(GNPs) deserve special mention. Heo et al. B2 in their study
have shown that the gold nano particles immobilized on
titanium implant surfaces significantly enhances the
osteogenic differentiation with increased mMRNA expression
of osteogenic differentiation specific genes in human adipose-
derived stem cells (ADSCs). In vivo results from their study
also showed that GNPs coating had a significant influence on
the osseous interface formation. They proposed that gold
nanoparticles (GNPs) can serve as quite attractive materials
for use as osteogenic agents due to their potential effects on
the stimulation of osteoblast differentiation.

Evidences from the literature

Mendes et al. B3 in rat study models reported bone bonding
between the DCD nanometer scale modified surface and
bone. In a controlled study performed in human subjects DCD
surface was compared to its dual acid etched precursor on
histomorphometric basis by placing them in posterior maxilla
followed by their retrieval after two months of healing.
Higher BIC values were reported around DCD surface
compared to its predecessor 34,

Marin et al. [ compared Ossean surface and dual etched
surfaces in a Beagle model. They reported that while no
statistical differences in BIC was found between the two
surfaces at both 2 and 4 weeks, a significantly increased
torque removal value was reported for the Ossean surface
suggesting that the bone formed around Ossean surface has
higher mechanical properties. In another study performed in
human subjects, the above mentioned two surfaces were
compared by placing them in pairs in posterior maxilla.
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Following the retrieval of implants after a period of 2 months,
the histomorphometric evaluation showed significantly higher
BIC and osteocyte density with the newly formed bone for the
Ossean surface relative to the control [,

In a comparative study performed by Ellingsen et al. B in
rabbit tibia models, significantly higher removal torque values
and sheer strength between the bone and the implants were
measured for Osseospeed surfaces after 3 months relative to
its micrometer scale predecessor (TiOblast, Astratech AB,
Molndal, Sweden). The histomorphometric evaluation also
demonstrated higher BIC value for Osseospeed surface
compared to its predecessor after 1 month. Rocci et al. [8
also performed a comparative study between the Osseospeed
and TiOblast implant surfaces in human subjects.
Histomorphometric analysis showed higher BIC value for
Osseospeed surface compared to its predecessor after a period
of two months.

Conclusions

The introduction of nanotechnology in dental implant
manufacturing industry has opened a new avenue of nano
scale characterization of dental implant enabling the implant
surface to mimic the surface topography of extracellular
matrix components of the natural tissue. This has provided a
new insight into the science of osseointegration and has set a
new trend in the implant surface modification techniques.
Several dental implants are now commercially available
claiming to possess such nano scale features. Comparative
studies performed in vitro and in vivo pre-clinical models
have shown superiority of the nanomodified surfaces to their
predecessors. However, such comparative long clinical trials
have been lacking from the literature. In absence of such
randomized controlled trials (RCT), it cannot be ascertained
that whether these nano scale modifications really have a
significant clinical impact. Thus, more research work and
long term clinical trials are warranted in this field in order to
fully acknowledge its true potential.
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