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Introduction
The biocompatibility of an artificial 
material in the body is complicated. The 
artificial implants, once implanted in 
vivo, induce a cascade of reactions in the 
biological micro-environment through 
interaction of the biomaterial with body 

[1], [2], [3], [4]fluid, proteins, and various cells . 
The sequence of local events often leads 
to the classic foreign body response and 
the formation of a fibrous tissue capsule 
around an implant. It is clear that a major 
factor influencing this unfavorable 
reaction of the body is the biomaterial 
surface. Both the chemical composition 
of the surface and the surface topography 
are believed to be important in bone 

[5]contacting implants .

Primary stability is the first step of the 
osseointegration of implants. This is 
related to the implant design, mechanical 
anchorage and bone structure. The 
primary stability gives way to secondary 
anchorage with t ime, which is  
characterized by a biological bonding at 
the bone-implant interface. Thus, the 
nature of the initial bone-implant 
interface determines the ultimate success 
o r  f a i l u r e  o f  i m p l a n t .  Ti s s u e  
compatibility is also an issue of prime 
importance issue while determining the 
implant success.

The interactions between solid surfaces 
and cells are crucial to many biological 
phenomena for all biomaterials. A 
material is said to be biocompatible, only 
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Abstract
The interactions between solid surfaces and cells are crucial to many biological phenomena for 
all biomaterials. A material is said to be biocompatible, only when no or minimal adverse 
reactions ensue at the blood/tissue - material interface, and high resistance to 
biodegeneration.Nanoscale modification of the implant surface can alter the chemistry and/or 
topography. 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. Here we present a review of these surface 
interactions and its applicability in practice.
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when no or minimal adverse reactions 
ensue at the blood/tissue - material 
interface, and high resistance to 
biodegeneration. To be deemed 
biocompatible, implant materials don’t 
destroy or sensitize the cellular elements 
of blood, cause adverse immune 
responses or cause any teratological 
effects or produce toxic and allergic 
responses or be affected by sterilization. 
Till date, no material has been able to 
satisfy these criteria, so inevitable 
reaction occurs.

Surface characteristics of dental implants 
Biocompatibility is multifactorial as 
simultaneous stimuli from implant 
materials properties i.e. morphological, 
chemical, or electrical surface qualities 
can elicit reactionary responses from the 
surrounding biological environment that 
can affect the host response.

The quality of titanium surfaces has been 
described in terms of surface chemistry, 
which refers to the critical surface tension 

[6](CST) or surface energy . CST is related 
to the contact angle of a liquid drop on the 
surface and, thus, provides an indicator of 
the potential of cell adhesion or surface 

[7]wettability . It has been observed that 
chemically activated and hydrophilic 
sandblasted and acid-etched (SLA) 
surfaces resulted in a greater percentage 
of bone-implant contact in the first weeks 

[8]of osseointegration .

The surface properties of the implants 
can be changed by different methods of 

[2], [9], [10]cleaning, sterilization, and storage . 
For example, it has been observed that 
discs with an active SLA surface 
sterilized by gamma irradiation and 
continuously submersed in isotonic NaCl 
presented less contamination with 
hydrocarbons and carbonates from the 
atmosphere, producing a chemically 

[11]clean and reactive surface .

The chemical composition and surface 
microstructure can regulate the 
adsorption of components present in 
extracellular fluid as a result of 
alterations in the surface energy. In vitro 
studies showed that rough and 
chemically activated surface provides the 
ideal conditions for direct protein 
adsorption and alter the adsorption of 
fibronectin and albumin due to 

[12]modifications in their ionic state .

Titanium is found to be well tolerated and 
nearly an inert material in the human 
body environment. Under optimal 
situations, titanium is capable of 

[1]osseointegration with bone . Moreover, 
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Laser lock technology has introduced 
implant with a 2 mm wide collar with the 
uppermost 0.5 mm is smooth and lower 
0.7 mm of the implant surface has 
grooves of 5-8 µ to prevent epithelial 
downgrowth. The lowermost 0.8 mm of 
the collar having grooves of 10- 12µ 
helps in developing a strong bone-
implant interface and retains crestal 
bone.

Studies have demonstrated that calcium 
p h o s p h a t e  c o a t i n g s  p r o v i d e  
osteoconductive surface to the titanium 

[13]implants .The dissolution of calcium 
phosphate coatings in the peri-implant 
region increases ionic strength and 
saturation of blood leading to the 
precipitation of biological apatite 
nanocrystals onto the implant surface. 
This biological apatite layer incorporated 
proteins and promoted the adhesion of 
o s t e o p r o g e n i t o r  c e l l s  t h a t  
producedosteoid. Also, it was shown that 
osteoclasts were able to degrade the 
calcium phosphate coatings through 
enzymatic degradation and created 

[14]resorption pits on the implant surface .

Hybrid implants i.e. titanium implants 
with zirconia collars demonstrates lower 
level of crestal bone loss as compared to 
implants with titanium collars as it 
enhances the fibroblast and osteoblast 
adhesion and proliferation.

Flouride modified titanium implants are 
those that undergo additional cleaning 
procedure in hydrofluoric acid after the 
process of blasting. This leads to the 
formation of fluoridated hydroxyapatite 
and fluoroapatitein the calcified tissues 
further leading to increase in bone 
implant contact.

Nanostructured Biomaterials
Using nanotechnology for regenerative 
therapy becomes obvious when 

[15]examining nature . Bone is a nano 
scaled composite that consists of 
collagen, non-collagenous proteins 
(laminin, fibronectin, vitronectin), and 
water) and hard inorganic components 
( h y d r o x y a p a t i t e ) ,  H A ,  

[16],[17]Ca10(PO4)6(OH)2) . 70% of the 
b o n e  m a t r i x  i s  c o m p o s e d  o f  

[18]nanocrystalline HA .

Nanostructured biomaterials possess 
unique surface and mechanical  
properties similar to the bone and hence 

are considered to be the future generation 
[22],[23],[24]biomaterials . Owing to very high 

number of atoms on the surface, 
nanograined materials possess large 
surface energy. Thus, they exhibit 
entirely different behavior compared to 
the micron-sized grains. The bone-
forming ce l l s  genera l ly  a t tach  
themselves to the surface whose 
roughness is of nanometer range.

Nano-materials exhibit unique surface 
properties such as surface chemistry, 
wettability, and energy, due to their 
increased surface area and roughness as 
compared  to  t he t r ad i t i ona l  o r  
microstructuredimplant materials. 
Material surface properties mediate 
specific proteins (such as fibronectin, 
vitronectin, and laminin) adsorption and 
bioactivity, thus regulating the cell 
b e h a v i o r  a n d  d i c t a t i n g  t i s s u e  

[16]regeneration . Increased alkaline 
phosphatase levels, increased collagen 
matrix,increased primary retention of the 
implant, and greater shear strength is 
some of the factors that have popularized 
these materials recently.

On metal surfaces, enhanced cell 
metabolic activity has been observed, 
such as the upregulation of bone 

[19]sialoprotein and osteopontin , as well as 
a threefold increase in osteoblastic cell 
adhesion as compared with the surfaces 
without nanostructure. Furthermore, 
enhancement of calcium and phosphorus 
deposition has been observed on 
nanostructured titanium alloys and on 
CoCrMo surfaces but it was not observed 

[20],[21]on pure titanium .

The nano roughness arises because of the 
fact that human bones consist of 
inorganic minerals of grain size varying 
from 20 to 80 nm long and 2 to 3 nm in 

[25]diameter . The variation in the surface 
energy due to the nanosurface roughness 
leads to desirable cellular responses on 
nanostructured titanium and other 
m a t e r i a l s  r e s u l t i n g  i n  h i g h  

[26],[27],[28],[29],[30],[31]osseointegration . The cell 
adhesion behavior on submicron, 
nanometer structured titanium surface 
was investigated and the obtained results 
were compared with a flat smooth 

[ 2 6 ]t i t an ium sur face .  The  s tudy 
demonstrated that both nanometer and 
submicron surfaces have very high 
surface energy and adhesion of bone cells 
was very high. Additionally, nanograined 
alloys made of Cp Ti, Ti–6Al, 4V, and 

titanium forms a highly stable passive 
layer of TiO2 on its outer surface and 
provides superior biocompatibility. Even 
if this passive layer gets damaged, TiO2 
is immediately rebuilt. The oxide film 
protects the metal substrate from 
corrosion and is of particular importance 
due to its physicochemical properties 
such as  crys ta l l in i ty,  impur i ty  
segregation etc, have been found to be 
quite relevant.

Advances in surface modification
Various advances have been introduced 
in the field of surface modification of 
implants. Few of these are:
1. Physical approaches

a. Compacting nanosized particles 
of Titanium dioxide onto the 
metal core.

b. Ion beam deposition
2. Chemical approaches

a. Acid etching
b. Sol – gel deposition (colloidal 

particle adsorption) of calcium 
phosphate, aluminium, zirconia, 
titanium and other materials

3. Lithography and other optical 
methods.
a. Peroxidation
b. Discrete crystalline depositions 

which superimposes a nano- 
topography

4. Biomimetics
a. Alkali treatment
b. Anodization- Acid etching and 

exposure to hydrogen peroxide 
increases the adsorption of RGD 
and mineralization. Leads to the 
formation of a titanium gel layer. 
Sodium titanate is formed 
allowing the deposition of 
hydroxyapatite.

c. Plasmani t r iding:  Ti tanium 
implants are exposed to a gas 
atmosphere containing a mixture 
of nitrogen and hydrogen in the 
ratio of 20:80 at low pressure and 
ionized by a continuous current, 
leading to deposition of nitride 
onto the metallic surface. It has 
the advantage of reduced 
treatment time, lower treatment 
temperature, reduced cost and 
i n c r e a s e d  e n v i r o n m e n t a l  
c lean l iness .This  produces  
s u r f a c e s  w i t h  i n c r e a s e d  
wettability and hydrophilic 
characteristics and cell adhesion 
apart from modifying chemical 
characteristics and surface 
topography.
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absorption, the osseointegration is 
characterized by platelet adhesion and 
fibrin clots formation at the injured blood 
vessels site. Previous studies have shown 
that implants in contact with platelet-rich 
plasma (PRP) having a platelet 
concentration of approximately 106 
protein/µL have a positive effect on peri 
implant  bone regenerat ion and 
o s s e o i n t e g r a t i o n .  A t  l o w e r  
concentrations of platelet rich plasma, 
the effect was not optimal, while higher 
c o n c e n t r a t i o n s  r e s u l t e d  i n  a  
paradoxically inhibitory effect on peri 
implant bone regeneration. Few studies 
that were not in agreement with effect of 
PRP on the osseointegration of dental 

[42]implants, have also been documented .

Interactions between surfaces and 
Mesenchymal stem cells 
Following clotting around the implants, 
several cells interact with implant 
surfaces for healing. Mesenchymal stem 
cells (MSCs) are attracted to the injured 
site by chemotactic action of implant 
with neighboring bone and gingival 
tissue factors have a determinant role in 
peri implant tissue healing.

The integration of implant with 
neighboring bone and gingival tissue 
depends on successful crosstalk between 
old tissue and implant surface. The 
challenge in dental implant research is 
the capability of the surface to guide cells 
colonization and differentiation. Cell 
migration, adhesion, and proliferation on 
implant surfaces are a prerequisite to 
initiate the tissue regeneration. Authors 
have shown that some factors present in 
tissues and secreted during the 
inflammatory phase are able to attract 

[43],[44]MSCs to the injured site .

In the microenvironment, MSCs are 
stimulated by some specific factors to 
differentiate into the adequate cell line. 
Under the influence of these factors, 
MSCs switch to osteoblastic cells in 
contact to bone tissue while they 
differentiate into fibroblastic lineage in 
the gingival tissue region. These two 
differentiat ion pathways are in 
concurrence around dental implants. In 
some cases, implants are encapsulated by 
fibrous tissue due to the proliferation and 
differentiation of MSCs into fibroblastic 
cells. In response to cytokine, fibroblasts 
migrate and generate a capsule of 
collagen, the first step in generation of 
gingival tissue or rejection on contact to 

The role of surface parameters (both bulk 
chemistry and topography) requires 
consideration of molecular (ionic and 
biomolecular) interactions with the 
surface, cell adhesion phenomenon, and 
local biomechanical features of the 
established interface. It is clear that 
nanoscalemodification affects the 
chemical reactivity of an endosseous 
implant surface and alter the ionic and 
biomolecular interactions with the 
surface. Proposed changes include 
enhanced wettability, altered protein 
adsorption, and potential mineralization 

[37]phenomenon . Changes in wettability 
and altered protein adsorption lead to 
altered cell adhesion, likely involving 
both integrin and non-integrin receptors. 
The potential for mineralization and 
epitaxic crystal growth in support of early 
bone bonding could dramatically alter the 
biomechanical environment of the 
healing implant in favor of stability.

Recently, a set of unique structures 
ranging from mesoporousnanoscaffolds, 
nanoflowers, nanoneedles, nanorods, and 
octahedral pyramids were fabricated by 
tuning the hydrothermal conditions such 
as reaction medium composition, 
concentration, temperature, and time 

[ 3 8 ]durat ion sys temat ical ly .  The 
cytotoxicity of surface modified Ti was 
assessed us ing human pr imary 
osteoblastic cells, and more than 90% of 
the cells were found to be viable after 24 h 
of incubation. Various studies on protein 
adsorption have revealed that the nano-
modified surface structures on titanium 
adsorbed more proteins, suggesting that 
these promote cell adhesion/attachment.

Interaction of surfaces and blood
Blood interactions with implant material 
leads to protein adsorption this being 
dependent on the surface properties of the 
implantable material. This occurs 
through a complex series of steps of 
adsorption and displacement, more 
commonly known as the Vroman effect 
[39] A hydrophilic surface is better than a 
h y d r o p h o b i c  s u r f a c e f o r  b l o o d  
coagulation. Consequently, dental 
implants manufacturers have developed 
high hydrophilic and rough implant 
surfaces that in turn exhibited better 
osseointegration than conventional 

[40]ones . Adsorption of proteins such as 
fibronectin, vitronectin on the surface of 
dental implants has been shown to 
promote cell adhesion by cell-binding 

[ 4 1 ]RGD domain .  After  proteins 

CoCr  as  we l l  a s  nanoceramic  
biomaterials such as alumina, titania, and 
hydroxyapatite also exhibit increased 

[32],[33]cell adhesion . When the grain size 
was decreased from 167 to 24 nm, 51% 
increased osteoblast adhesion and 
fibroblast adhesion responsible for 
encapsulation was reduced by 235%.

Though different types of cells were 
utilized for cell culture studies on the 
alloys and ceramics, the cell density was 
observed to be relatively higher for the 
nanomaterials when compared to 
conventional counterparts.

Apart from the roughness, the pore size 
on the surface also has an influence on the 
prote in  adhesion.  The prote in ,  
victronectin, is generally adsorbed on 
pores of smaller sizes on the other hand, 
the protein that decreases cell adhesion 
such as laminin, generally adsorbs to 

[34]bigger pore size . Increased osteoblast 
adhesion was also observed on nano HA 
coated Titanium alloy and further bone 
ingrowth toward implant was noted 
indicating ceramic surface coatings 

[35]leading to high osseointegration .

Nanostructured Biointerfaces
In vivo, the cell interactions with its 
surroundings are mediated at the both 
molecular and macromolecular level. 
Specific interactions with, for example 
extracellular matrix components and 
soluble factors, or macromolecules in the 
outer membranes of adjacent cells 
provide necessary signaling and 
communication routes. Such interfaces 
have both topographic nanostructure and 
chemical/ biospecific interaction sites 
distributed at the nanoscale.

Studies have focused on the effect of 
surface nanotopography on cell functions 
such as adhesion, motility, morphology, 
cytokine release, gene expression, and 

[36]differentiation . The ability to define 
interfaces on a length scale that match 
those of the mediating macromolecules 
in cell membranes and extracellular 
matrixes, has the potential to create 
artificial biointerfaces that are capable of 
signaling/communicating with the 
adheren t  ce l l s .  Such  a r t i f i c ia l  
biointerfaces are of immediate interest 
for application in areas such as 
biomaterials, tissue engineering, 
scaffolds for cell therapies, and cell-
based sensors/electronics.
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greater numbers of osteoblasts on 
nanophase compared to conventional 
metals.

Both cell specificity and extent of cell 
adhesion are altered, too. Depending on 
the nano-architecture of the cell, 

[56]spreading may be affected. Lim  more 
directly related protein adsorption, cell 
adhesion and the active process of 
attachment by measurement of increased 
focal adhesion kinase (FAK) activity. 
Surface roughness at the nanoscale is an 
important determinant of protein 
interactions that ultimately direct cell 
activity in control of tissue formation at 

[59]implant surfaces .

Nanotopographicalfeatures of a surface 
affect both cell adhesion and motility. On 
comparison of cell morphology and 
cytokine production on deep grooves and 
hemispherical nanopillars, the cells 
appeared partially aligned to the grooves 
and had a cytokine release similar to that 
found from cells on flat surfaces. 
Osteoprogenitor cell adhesion was 
enhanced on poly-L-lactide (PLLA) and 
polystyrene (PS) surface with nanoscale 
and micron-scale roughness compared to 
smooth surfaces.

Cell proliferation and osteoblast 
differentiation appears to be enhanced by 

[29],[32]nanoscale topography, too. Webster  
o b s e r v e d  i n c r e a s e d  o s t e o b l a s t  
proliferation on the nanoscale materials. 
Several investigators have demonstrated 
the relative diminution of fibroblast 
adhesion compared to osteoblast 
adhesion when nano- and micron-

[61],[60]structured surfaces were evaluated . 
For example, on nano-sized materials, 
the affinity ratio between osteoblasts and 
fibroblasts was 3 to 1 compared to 
conventional materials, the ratio was 1:1 
[62]. Bacterial adhesion and proliferation is 
also diminished on nanophase materials 
[63]. Decreased bacterial colonization on 
nanostructured titanium oxide and zinc 
oxidehas been observed even though 
these surfaces promote osteoblast 
differentiation and adhesion.

The topographical and chemical 
properties of the implant surface strongly 
influence the properties of the layer. 
Since cells and proteins range in size 
from nano- to micrometer, these are 
relevant length scales for the problem. 
Equally importantis theability of cells to 
communicate through the extracellular 

surfaces in the femoral epiphyses of 
rabbits after 2 & 8 weeks of healing. In 
this study, the bone-implant contact and 
bone growth inside the chambers were 
compared for four different implant 
surfaces and shown that biomimetic 
coating method may enhance the bone 
apposition onto titanium. In order to 
prevent coating delamination and 
implant loosening, the Calcium 
phosphate coating should dissolve or 
degrade under osteoclastic activity at a 
similar rate than bone apposition. The 
preferred result should be a direct bone-
implant coating without the presence of 
fibrous tissue. Another advantage of 
these calcium phosphate coatings is 
related to their preparation by biomimetic 
methods at physiological temperature 
and pH from simulated body fluids. 
Calcium phosphate crystals have 
characteristics that resemble bone 
mineral in terms of size and composition. 
Furthermore, it is possible to incorporate 
biologically active drugs such as 
antibiotics or growth factors during the 
precipitation of calcium phosphate 

[57]coatings on titanium implants . These 
molecules could be locally and gradually 
released in the peri-implant bone region 
for either preventing bacterial infections 
or stimulating bone growth.

Effects of nanotopography on 
osseointegration
Depiction of broad range of nanoscale 
topography effects observed in cellular 
protein adsorption is altered by nanoscale 
modification of bulk material. It is 
believed that, the changes in initial 
protein–surface interaction control 

[58]osteoblast adhesion . When implants 
come into contact with a biological 
environment, protein adsorption (e.g. 
plasma fibronectin) that occurs 
immediately will mediate subsequent 
cell attachment and proliferation. 
Altering the surface energy or wettability 
of a material is a classical approach to 
changing cell interactions with the 
surface. Nanotopography specific effects 
on cellular behavior have been 
demonstrated using a wide range of 
different cell types including epithelial 
cells, fibroblasts, myocytes, and 
osteoblasts.

Interestingly, osteoblasts were observed 
to adhere specifically at particle 
boundaries. Since nanophase metals have 
higher percentages of particle boundaries 
at the surface, this may explain the 

bone. This fibrous capsule prevents 
bonding between implant surface and 
juxtaposed bone and causes a failure of 

[45]the implant . On the other hand, both the 
differentiation of MSCs into fibroblastic 
lineage and the fibroblastic adhesion are 
desired in the gingival upper part of 
dental implants. Fibroblasts adhesion has 
been shown to be lower on nanoscale 
surface compared to conventional 

[46]surfaces . Moreover, nanometer size 
features have been shown to decrease 
fibroblast adhesion and proliferation 
[47],[48]. The micro- and nanoscale surface 
properties of the implant i.e. surface 
chemistry, surface roughness, and 
wettability, could affect bone formation 
[ 4 9 ] .  Resea rch  has  spec i f i ca l ly  

[50]demonstrated that nanorough Ti  and 
nanostructured Ti can enhance osteoblast 
adhesion and differentiation compared to 

[ 5 1 ]t h e i r  n a n o s m o o t h  c o n t r o l .  
Furthermore, surfaces with micro- and 
nanopores have shown to enhance greatly 

[52],[53]osseointegration . Surface properties 
may control the steps of adhesion, 
proliferation, and differentiation of 
MSCs and, thus, condition tissue 
integration.

Tissue Integration
Branemark et al. described the 
osseointegration as a direct structural and 
functional bone to implant contact under 
load. The challenge in developing new 
implant surface consists in increasing the 
clinical success rate as well as decreasing 
the tissue healing time for immediate 
loading of implants, particularly in 
aesthetic situations. Implant surface with 
various roughnesses have been used to 
increase the total area available for 

[54]osteoapposition. Kubo et al.  observed a 
substantial increase by 3.1 times in bone-
titanium interfacial strength by Ti 
nanotube (300 nm) at 2 weeks of 
implantation in femur rats. These results 
s u g g e s t  t h e  e s t a b l i s h m e n t  o f  
nanostructured surfaces for improved 
osteoconductivity. Moreover, Ogawa et 

[ 5 5 ]a l .  h a v e  p r e p a r e d  t i t a n i u m  
nanostructure by physical vapor 
d e p o s i t i o n  a n d  t e s t e d  t h e i r  
osseointegration in the femur of rats. 
They found an increased surface area by 
up to 40% and a greater strength of 
osseointegration for the nanostructured 

[55]compared to an acid-etched surface .

[56]In particular, Le Guehennec et al.  
studied the osseointegration of 4 implant 
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Cer. Soc., 28, pp. 1319–1327.

9. Kaplan, F.S., Hayes, W.C., Keaveny, 
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function of bone, in Orthopedic Basic 
Science (ed. Simon, S.R.), American 
Academy of Orthopaedic Surgeons, 
Rosemont, pp. 127?185.

10. Leigh, S.H., Lin, C.K., and Berndt, 
C.C. (1997) Elastic response of 
thermal spray deposits under 
indentation tests, J. Am. Ceram. Soc., 
80, pp. 2093–2099.

11. Yoshinari, M., Oda, Y., Kato, T., and 
Okuda, K. (2001). Influence of 
surface modifications to titanium on 
antibacterial activity in vitro, 
Biomaterials, 22, pp. 2043–2048.

12. Shi, Z., Huang, X., Cai, Y., Tang, R., 
Yang, D. (2009). Size effect of 
hydroxyapatite nanoparticles on 
proliferation and apoptosis of 
o s t e o b l a s t - l i k e  c e l l s ,  
ActaBiomater.,5, pp. 338–345.

13. R. G. T. Geesink, “Osteoconductive 
coatings for total joint arthroplasty,” 
Clinical Orthopaedics and Related 
Research, no. 395, pp. 53–65, 2002.; 
S. Leeuwenburgh, P. Layrolle, F. 
Barrre et al., “Osteoclasticresorption 
of biomimetic calcium phosphate 
coatings in vitro,” Journal of 
Biomedical Materials Research, vol. 
56, no. 2, pp. 208–215, 2001.

14. S. Leeuwenburgh, P. Layrolle, F. 
Barrre et al., “Osteoclasticresorption 
of biomimetic calcium phosphate 
coatings in vitro,” Journal of 
Biomedical Materials Research, vol. 
56, no. 2, pp. 208–215, 2001.

15. Yamamoto, A., Kohyama, Y., 
Kuroda, D., and Hanawa, T. (2004). 
Cytocompatibility evaluation of Ni-
free stainless steel manufactured by 
nitrogen adsorption treatment, Mater. 
Sci. Eng. C, 24, pp. 737–743

16. Webster, T.J., Ergun, C., Doremus, 
R.H., Siegel, R.W., and Bizios, R. 

topography of the implantable material 
surface. Various methods have been 
described to modify titanium substrates 
with nanoscale features. Such changes 
have been shown to alter the implant 
surface interaction with host bio-
environment. These interactions have 
been shown to favorably influence 
molecular and cellular activities and alter 
the process of osseointegration.

As the disciplines of immunology 
continue to understand the process of 
wound healing, development of 
biomaterials plays a complementary role 
as an interdisciplinary approach to 
developing implant surfaces, which 
mimic and promote accelerated wound 
healing processes. At this moment, both a 
hydrofluoric acid modified titanium 
endosseous implant with nanoscale 
features and calcium phosphate 
nanofeature-modified titanium implants 
are available for clinical use. The 
potential  r isks 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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