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Nanotechnology has been expected to be an extraordinarily promising method for bone repair. Meanwhile, the promise of
nanobiomaterials for therapeutic applications has been widely reported, and a lot of studies have been made in terms of repairing
bone using nanomaterials accompanied by rapid development of nanotechnology. Compared with conventional biomaterials,
nanostructured implants have been shown to possess positive effects on cellular functions because of their unique surface properties,
such as nanotopography, increased wettability, larger surface area, andmicroenvironment similar to extracellularmatrix.Moreover,
many positive cellular responses have been found to take place at the interface between nanostructured implants and host bone. In
this paper, wewill give a review about the effects of surface properties of nanostructured bone repairmaterials on their performances
in terms of several aspects and a detailed interpretation or introduction on the specific cellular recognitions at the interface between
nanostructured implants and host bone.

1. Introduction

With the increase in the elderly population, the need for
orthopedic implants is growing at an increasing speed.
Before, allografts and autografts are common methods to
cure bone defects. However, great limitation exists in the
above measure; for instance, as with autografts, autologous
bone regeneration does not possess enough strength to
support the whole body [1, 2]. At present, synthetic implants
are most employed in bone repair, but some drawbacks,
such as fatigue, fracture, lack of biocompatibility, restrict its
implication greatly on a larger scale. It is the hope that these
materials will repair bone quickly and effectively so that the
patient can return to a normal healthy life style. However, it
has been estimated that the service life of present implant
materials used today as bone fixation ranges from 10 to 15
years [3, 4]. Such limited lifetime is absolutely not good news
for more and more patients, especially young patients. Short
service life will cause secondary damage to their body. It is
necessary to create a novel bone implant, which could offer
a framework for regenerating and healing the host bone and

blood vessel instead of replacing missing bone temporarily.
In other words, an ideal implant should at least consist of
two points as follows: interacting with the host tissue well and
promoting differentiation of osteogenic cells (Figure 1).

As to the common implantation, once implanted into
body under the condition of surrounding tissue, the common
implantations are apt to get loosened under physiological
loading conditions, thus leading to implant failure in the end.
In the final analysis, the osseointegration between implant
materials and bone tissue was not formed really was respon-
sible for the loose phenomenon “into” was not formed really
as a result of implantations’ loosening. Therefore, the success
of both the orthopedic implant and the tissue engineered
construct is highly dependent on the selected biomaterial.
One of the key factors identified in the failure of both
types of implants was insufficient tissue regeneration around
the biomaterial immediately after implantation. It is known
that the introduction of an implant into a living organism
causes specific reactions in the biological environment. The
biomolecules and cells together with the intrinsic properties
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Figure 1: Histological and chemical characterization of hMSCs cultured on different films with varying surface roughness. ALP activity as a
marker of early osteoblastic differentiation displayed activity in all films.The content of calcium could be stained by Alizarin Red. Compared
with other films, the roughest film could significantly promote the differentiation of hMSCs in the direction of osteoblasts (size of surface
roughness: (a) < (b) < (c) < (d), and scale bars stand for 200 𝜇m). (Adapted with permission from [5]. Copyright 2011 Elsevier Ltd).

of the chosen biomaterials determine the biocompatibility
and longevity of the implants. Since the interaction of those
biomolecules and cells with the biomaterial surface is a vital
element in the evaluation of the biomaterial, biomaterial
scientists have reexamined the pertinent host-cell interac-
tions in order to design materials that facilitate favorable
interactions and enhance tissue regeneration. Ultimately,
improved symbiosis should result in an accelerated healing
time, increase in implant longevity, and a reduction in the
necessity for revision surgery.

With the tremendous development of nanotechnology
in material science and engineering, biomedical engineering
becomes the most promising and challenging field involved
in the application of nanostructured materials [6–17]. Nan-
otechnology represents the manner to manipulation atoms
and molecules over the scale of nanometer and generates
the materials with at least one dimension in nanoscale.
In comparison to the bulk material, the nanomaterials
possess many specific characteristics due to the “quantum
mechanical effect” [18–20]. Moreover, research has shown
that all living systems are governed by molecular behavior
at nanometer scales. The molecular building blocks of life
proteins, nucleic acids, lipids, and carbohydrates are examples
of materials that possess unique properties determined by
the size, folding, and patterns at the nanoscale. Also, the
surface properties of nanostructured implant structure are
similar to extracellular matrix (ECM) to a great extent. For
all the above reasons, cells in our body are predisposed
to interact with nanostructured surfaces [21]. Consequently,
to perform a surface modification at nanolevel will offer
a better matrix for osteoblasts to grow and to function in
theory. For example, osteoblasts on nanosized Ti, Ti6Al4V
powder-modified metal surfaces have improved adhesion
and functions when compared to macrophase ones [22–24].
To further improve andoptimize the properties of the existing

nanostructured implants for biomedical devices and adapt
more desired nanostructured devices with desirable surface
characteristics, modifications of nanostructured implants for
biomedical application are essential [25–29]. In the paper, we
will give a detailed interpretation on the nonspecific cellular
recognition in the interface of nanostructured implant sur-
faces and defected bone; what ismore, the effect of the surface
property of nanostructured implant on bone repair, such
as nanotopography, surface chemistry, and hydrophilic and
hydrophobic properties, will be introduced in terms of several
aspects. Overall, we believe, through the particular nanoscale
modification on the surface of implants, nanostructured
implant shows a bright future in the treatment of bone repair.

2. Nanostructured Implant
Surfaces’ Cellular Recognition

In terms of designing an ideal implant and controlling the
nanostructured implants’ surface, the mechanism of recog-
nition between cells and nanostructured implant surfaces
plays an extremely vital role. For purpose of having a good
understanding of the interaction between the surface of
nanostructured implant and bone under biological environ-
ment, more detailed research should be conducted. Addi-
tionally, the preparation method of implants with needed
nanomorphology and other surface properties should also
be studied correspondingly. Provided that we have a well
knowledge of not only the mechanism of cellular recognition
and nanostructured implant surfaces, but also preparation
method of various desirable nanostructured implants, it
will provide a possibility to regulate anticipated biological
effects by means of controlling the surface nanostructure
of implants. Every effort has been made to investigate how
to design nanostructured implants to promote desirable
responses from surrounding cells for better osseointegration.
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Figure 2: AFM images of fibronectin coated PLGA cast nanosphere surfaces. (a) PLGA with 200 nm surface features only. (b) Phase images
of fibronectin adsorbed on PLGA with 200 nm surface features showed significant interconnectivity between fibronectins. (c) Phase images
of fibronectin adsorbed on PLGA with 500 nm surface features showed no interconnectivity between proteins. (Adapted with permission
from [34]. Copyright 2008 Elsevier Ltd).

It has been proved that proteins will be adsorbed from bodily
fluids such as bone marrow, blood, and other tissues prior
to cell adhesion (such as osteoblasts). Moreover, specific pro-
teins (such as fibronectin and vitronectin) in biological fluids,
such as blood plasma, mediate the adhesion, differentiation,
and growth of desirable cells on an implant surface [30]
(Figure 2). For this reason,many investigators are nowpaying
close attention to manipulating initial protein adsorption
events by altering selected properties of implant surfaces.
In the study of introducing stainless steel hydroxyapatite
ceramics into composites, Tulinski and Jurczyk hold the
viewpoint that nanocrystalline nickel-free stainless steels
and nickel-free stainless steel/hydroxyapatite nanocompos-
ites could be promising bionanomaterials for use as hard
tissue replacement implants; what is more, they considered
that the surface roughness and the surface topography
influenced the proliferation of cells [31]. Gagner et al. [32]
made a relatively intensive study about the control of protein
adsorption and subsequent biological outcomes by regulating
the surface of nanoparticles. Chun and Webster considered
that the incorporation of inorganic nanomaterials into the
biological environment is necessary. Implant structures (such
as orthopedic prosthetics) have been shown to benefit greatly
from nanostructured surfaces that could promote osteoblasts
integration and limit bacterial adhesion and inflammation,
while matching the material properties of the surrounding
bone system at the same time [33].

Peng et al. summarized the nanostructured materials
currently used in musculoskeletal tissue engineering includ-
ing natural polymers, synthetic polymers, and inorganic
materials [35]. Moreover, nanostructured materials can be
synthesized with controlled composition, size, geometry, and
morphology. Most importantly, they deemed that, by means
of modifying the surface of these materials, it could enhance
biocompatibility, immune compatibility, and cell adhesion
of nanostructured materials for different applications in
musculoskeletal tissue scaffolds.

Exactly, changes in implant surface energy, surface chem-
ical composition, and topographical features influence the
type and concentration of adsorbed proteins [36]. Accord-
ingly, the efficacy of bone regeneration is determined mainly
by surface characteristics such as the chemical composition

and physical properties of the implant that controls initial
protein adsorption, which could mediate cells adhesion.
Together, this is this new direction aimed at intelligently
designing implant surfaces to control protein interactions
important for subsequent cell adhesion that may provide
answers to those problems which have plagued current
orthopedic implants. The core of all the issue is to alter
the surface chemistries and nanotopographies of orthopedic
implant in nanoscale.

3. The Factors of Surface Property of
Nanostructured Implant

Through the above description, we could make sense that the
nanotopography and surface properties of nanostructured
implant determine the response of cells. Several factors, such
as nanotopography, hydrophilic and hydrophobic properties,
and surface chemistry, greatly affect the growth of bone on
the implants; moreover, the above influence factors have
been focused on the terms of enhanced orthopedic implant
[37, 38].

3.1. Nanotopography. How to optimize cell recognition and
response by modified nanotopography is the focus of dis-
cussion in orthopedic tissue engineering [39, 40], since nan-
otopography of implants has been considered to have great
effect on both proliferation and differentiation of osteoblastic
cells. The properties of substrate have a great effect on cells’
response [41]. For the purpose of forming specific nanotopog-
raphy on substrate, several means should be employed. For
instance, Lee et al. successfully prepared titanium alloy with
nanohydroxyapatite coatings on using an electrochemical
deposition method [42] (Figure 3). A novel model system
for studying the influence of nanoscale surface properties
on the osseointegration in rat tibia was created by Ballo et
al. [43]. They conducted the histological evaluation on the
ground sections at 7 days and 28 days after implantation. In
their study, the main distinction appeared in the process of
formation of new bone in the marrow bone compartments
after 28 days of implantation. In comparison with 120 nm and
control surfaces, implant surfaces with 60 nm features took
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Figure 3: FE-SEM images of nanophase hydroxyapatite coatings deposition on anodizedTiwith increases in deposition time in the electrolyte
at 85∘C: (a) initial anodized commercially pure titanium without hydroxyapatite coatings, (b) 5min, (c) 30min, and (d) 60min deposition
times for hydroxyapatite coatings layer. (Adapted with permission from [42]. Copyright 2013 Elsevier Ltd).

on obviously higher bone-implant contact. They considered
that this phenomenon connectedwith the 60 nmprotrusions,
with higher density and curvature. In the end, Ballo et al. con-
sidered that the aforementionedmodel system could actually
be applied for the systematic variation of surface nanofeatures
density and chemistry, which provided the possibility for
research of interactions between various nanoscale surfaces
and bones.

Moreover, in order to prove that carbon nanofibers were
suitable for bone prosthetic application, carbon nanofibers’
cytocompatibility properties and cell adhesion were deter-
mined on different cells respectively by Price et al. [44]. For
the purpose of determining the enhancement of osteoblasts
adhesion in a selective way by nanophase carbon fibers,
the cell adhesion assays were conducted on conventional
and nanophase carbon fibers compacts by Price et al. By
comparison, they concluded that enhanced select osteoblasts
adhesion appeared on PLGA casts of nanophase carbon
fibers. Most importantly, Price et al. demonstrated that car-
bon fibers with nanometer dimensions may be more appro-
priate materials to selectively increase osteoblasts adhesion,
which is desperately needed for successful orthopedic/dental
implant applications as a result of high degree of nanometer
surface roughness. The influence of surface topography of
ceramic abutments on the proliferation and attachment of
human oral fibroblasts was studied by Mustafa et al. [45].
In accordance with their viewpoints, they considered that,
compared to polished surfaces, obviously, more cells were

attached to themilled and sintered surfaces after 3 days of cell
culture, which demonstrated higher proliferation capacity
on those types of surfaces. What is more, with the increase
of surface roughness ceramics, the ability to promote initial
fibroblast adhesion decreased in comparison with smooth
surfaces. Similar trends have been reported for polymers of
the same surface chemistry, but only the degree of nanome-
ter surface roughness has been altered [46]. Consequently,
different surfaces with nanophase features possess distinct
microstructure, thus influencing cells’ event [47].

All in all, from the above studies, we could have an under-
standing that several cells concerned with bone formation
are very sensitive to changes in surface roughness features
in the nanometer compared with conventional surface; in
other words, nanostructured implant could promote the
event and response of specific cells obviously (Figure 4).Most
importantly, it provides a possibility by means of adjusting
surface nanotopography of nanostructured implant to alter
cells adsorption and activity.

3.2. Hydrophilic and Hydrophobic Properties. It is widely
reported that hydrophilic surface could boost cell adhesion
and activity better [48–51]. Consequently, many polymers
used for tissue engineering are hydrophobic in their native
state and require surface modification or wetting proce-
dures before cell seeding [52]. Wang et al. improved the
endothelialization on 316L stainless steel by means of altering
surface wettability via sol-gel method using tetraethoxysilane



Journal of Nanomaterials 5

Uncoated scaffold

Nano-HA coated scaffolds Nano-HA coated scaffolds
(high magnification)

Conventional HA coated scaffolds

Figure 4: Histology of rat calvaria after 6 weeks of implantation of uncoated tantalum, conventional HA coated tantalum, and nanocrystalline
HA coated tantalum. Greater amounts of new bone formation occur in the rat calvaria when implanting nanocrystalline HA coated tantalum
than uncoated and conventional HA coated tantalum. Red area stands for new bone and blue stands for collagen. (Adapted with permission
from [79]. Copyright 2006 Elsevier Ltd).

(TEOS) and methyltriethoxysilane (MTES, Aladdin) as silica
precursors, nitric acid and acetic acid as catalysts, and
absolute ethanol as solvent [53]. They successfully regulated
the hydrophilicity and hydrophobicity of the final coatings
by controlling TEOS/MTES molar ratios (100 : 0, 70 : 30, and
40 : 60) (Figure 5).

Moreover, Webster and colleagues demonstrated that
aqueous contact angles were three times smaller when alu-
mina grain size was decreased from 167 to 24 nm. They also
reported that the adsorption of vitronectin, which stimulates
osteoblasts adhesion, increased on nanophase ceramics with
greater wettability. Moreover, when vitronectin adsorbed on
nanophase ceramics, it was unfolded to a larger extent than
on conventional ceramics, which exposed larger numbers
of osteoblasts adhesive epitopes in the absorbed proteins
[30]. Similar to ceramics, increased wettability of polymer
composites has been achieved through the use of nanophase
ceramics in order to increase bone cell function. Specifically,
Kay et al. demonstrated that titania nanosized particles
embedded in PLGA promoted osteoblast adhesion compared
with conventional sized titania in PLGA [54]. On the other
word,Macak et al. [55] thought that the signs of the antibodies
reduce cell adsorption in the hydrophobic surfaces, while
cell adsorption will be stimulated in the hydrophilic surfaces.
However, Cai et al. [56] investigated the influence of titanium
filmmicro- and nanoscale topography on protein adsorption
and cell growth. However, by means of measuring the
content of albumin and fibrinogen adsorption, they found

no statistically significant differences in protein adsorption
for the films with different topographies. Moreover, no
statistically significant influences of surface roughness on
osteoblasts proliferation and cell viability were detected in
their study. More effective data should be shared with regard
to the wettability of nanostructured implant in enhancing the
performance of orthopedic implants and we firmly believe
that the nanostructured implant will cause desirable cells
response and activity by means of modifying the hydrophilic
and hydrophobic properties of implants.

3.3. Surface Chemistry. Besides the factors above, implant
surface chemistry plays an important role in protein adsorp-
tion and subsequent cell adhesion and cell proliferation
(Figure 6). Consequently, surface chemistry will also make
a difference in the field of implants [57]. As we know,
hydroxyapatite (HA) is used in the biomedical industry as
the coating for titanium implants. HA is also used as the
structural material for dental, maxillofacial, and orthopedic
implants [58]. It has been proved that carbon nanotubes
could be used to promote cells’ division and proliferation
[59–63]. Facca et al. [60] made a research on the osseoin-
tegration of nanodesigned composite coatings on titanium
implants in vivo. They investigated study of plasma-sprayed
carbon nanotubes (CNT) reinforced hydroxyapatite (HA)
coating on titanium implants embedded in rodents’ bone.
No adverse effect or cytotoxicity of CNT addition on bone
tissues and cells was observed. Normal bone growth was
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Figure 5: Contact angle photographs of a water droplet placed on 316L and other different sol-gel coatings. (Adapted with permission from
[53]. Copyright 2012 Elsevier Ltd).
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Figure 6: Fluorescent microscopy images of endothelial cell proliferation on nanostructured Ti compared to conventional Ti. (Adapted with
permission from [34]. Copyright 2008 Elsevier Ltd).

observed around HA/CNT coated implants. CNT addition
induces higher osseointegration as compared to HA. Facca et
al. demonstrated that CNT addition resulted in the growth
of new bone and improved osseointegration as observed
from the adhesion of HA/CNT coating. Moreover, the elastic
modulus of the newly grown bone was comparable with
the distant bone, suggesting excellent mechanical integrity
of the implant, which was consistent with previous studies
[61, 62]. Finally, they considered that longer implantation is
needed to further appreciate the quality of osseointegration
and to evaluate safety of HA-CNT coating prior to clinical
application and the study had a far-reaching significance in
orthopedic applications, healing time, and osseointegration.

Besides, titanium oxide in nanoscale with different
nanostructures could take on positive effects on growth
rates, bone forming, and even acceleration of osteodiffer-
entiation of MSCs [64–70]. Brammer et al. [71] discussed
the effects of TiO

2
nanotube surfaces for bone regeneration.

They considered that the unique 3D tube shaped nanostruc-
ture created by electrochemical anodization will have great
effects on osteogenic cells and become a very promising
method in orthopedic material surface designs. In addition
to nanoceramic materials, another kind of commonly used
materials in orthopedic implant is medical metals. As to

the method of modification of metals implants in nanoscale,
various techniques have been employed in creating different
topographies on the surface of implants ranging in micron
scale [72–74]. Biological activity and events could be boosted
in the interface of implants and bone to some extent due
to the existence of micron scale surface features [75–78].
However, it is widely acknowledged that the interactions
between implants and host tissue could be regulated and
controlled by means of nanolevel signal transmission [79–
81]. That is the reason why various strategies have been
devised and implemented to nanoengineered surfaces that
can directly influence biological functionalities [79, 82].
For example, Variola et al. [83] discussed the state-of-the-
art nanotechnology-based approaches currently adopted to
modify the surface of metals used for orthopedic and dental
applications and also briefly considered their use in the
cardiovascular field; moreover, they also debated the effects
of nanoengineered surfaces on various in vitromolecular and
cellular events and the potential influence of nanotopography
on biomechanical events at interfaces. In a word, via the
ability of nanostructured surfaces to activate stem cells
and accelerate bone formation, bone reconstruction will be
completed well without any tissue encapsulation [84–86];
moreover, this will translate into faster healing, improved
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Figure 7: Image of C2C12 cells and hMSCs’ proliferation on different films with varying surface roughness at day 3. Obviously, low surface
roughness facilitated the proliferation for C2C12 cells, but the opposite case happened for hMSCs. (Size of surface roughness: (a) < (b) < (c) <
(d), and scale bars stand for 200 𝜇m). (Adapted with permission from [5]. Copyright 2011 Elsevier Ltd).

stability of dental and orthopedic prostheses, and critical
aspects especially in aging patients with poor bone support.

3.4. Surface Charge. As to the concept of “surface properties,”
it involves so many aspects, and surface charge is vital factor
to affect the cells’ adhesion and activities. For example, the
fact that electrostatic interaction (zeta potential) could have
a great impact on different protein adsorption and cellular
uptake of nanoparticles was demonstrated by Patil et al. [87].
Moreover, Cai et al. investigated the influence of titanium
thin films’ surface chemistry and surface electric charge
properties on protein adsorption and cell proliferation. For
purpose of producing surface with different surface charge,
different functional groups, such as –NH

2
or –COOH, were

functionalized on the surface of titanium film [88]. Finally,
they concluded the lower the zeta-potential of functionalized
titanium films, the lower the adsorption of fibrinogen [89].
Similarly, Chung et al. made a research on the influence
of surface charge on high-performance cellular uptake and
cytotoxicity of mesoporous silica nanoparticles in human
mesenchymal stem cells. The tested surface was modified
by especial chloride, and they determined the uptake of
mesoporous silica nanoparticles using flow cytometry. In
addition to humanmesenchymal stem cells, 3T3-L1 cells were
also employed for a contrast in terms of uptake behavior
between different cells. In the end, they found that there
was a distinct relationship between surface charge and cells’
event. Additionally, as with the cells’ response of MSNs
charged positively, inhibition action was observed in 3T3-L1
cells but not in the case of human mesenchymal stem cells;
moreover, a qualitative control could be made on the human
mesenchymal stem with regard to their uptake behavior
[89].

3.5. Surface Roughness. The effect of surface roughness on
cells’ behavior and activity has been investigated. Due to

contact with the host tissue directly, the surface roughness of
the nanostructured implants has a great potential influence
on cells’ response. For instance, the effect of surface roughness
and calcium phosphate coating on the bone response of
titanium implants was investigated by Hayakawa et al. [90].
Titanium implants with different kinds of surface roughness
were implanted into left and right tibial diaphysis and
femoral condyles of the rabbits. In the end, they considered
that, from the point of healing effect, a sputtered calcium
phosphate coating on an implant performed best in terms
of the bone response. Certainly, the conditions of implant
surface and local implant site made a combined interaction
on the final bone behavior. In addition, Hu et al. studied the
effect of surface roughness on the myogenic and osteogenic
differentiation of cells on silk-elastin biomaterials [5]. They
regulated the surface roughness of materials by adjusting the
ratio of tropoelastin and silk. Specifically, Hu et al. prepared
several thick films with different surface roughness and then
cultured human bone marrow stem cells on different films to
observe the effect of surface roughness on the proliferation
of C2C12 cells and hMSCs. They concluded that low surface
roughness and high stiffness in the silk-tropoelastin mate-
rials promoted proliferation and myogenic differentiation
of C2C12 cells. In contrast, high surface roughness with
micro/nanoscale surface patterns was favored by hMSCs
(Figure 7).

Moreover, the influence of surface roughness of the tita-
nium alloy Ti6Al4V on human bone marrow cells’ response
and protein adsorption was studied by Deligianni et al. [91].
They deemed that cell attachment and proliferation were
positively proportional to the roughness of Ti alloy; also,
a larger amount of total protein and fibronectin existed on
rough substratum, finally, precisely because of the distinction
of adsorption in two proteins above on Ti alloy with different
surface roughness, leading to the different condition in cell
attachment.What is more, a rigorous study of osteoblasts and
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fibroblasts’ response to surface roughness was conducted by
Kunzler et al. using themethod of gradients of surface rough-
ness [92]. For the purpose of forming roughness gradients,
which included awide range of roughness values, they created
a specific modification process on the substratum. Calvarial
osteoblasts and human gingival fibroblasts were experiments
cells for studying the influence of surface roughness on cells’
activity and event. Eventually, an obviously increased cal-
varial osteoblasts cell proliferation emerged with increasing
surface roughness. However, human gingival fibroblasts took
on contrary proliferation behavior, that is to say, proliferation
decreasing with increasing roughness. Consequently, it fully
illustrated that the response of cells to surface roughness is
different depending on the cell type.

4. Conclusion and Prospective

In last several years, the development of approaches to repair
bone defect has obtained great progress, one of most reasons
of that is the appearance of novel nanomaterials with kinds
of outstanding performance, and more excellent nanostruc-
tured implants are being on the way to be born. Despite the
fact that nanostructured implants have great advantages in
promoting cells’ response and bone formation, a potential
tremendous hidden danger still exists in using nanostruc-
tured implant. First of all, whether the nanoparticles are safe
or dangerous is an issue being discussed constantly. Once
put into our body, it cannot be guaranteed that implants
containing nanoparticles are safe enough; even if they are
safe themselves, due to long time of embedding in the
surroundings of tissue, nanostructured implants will release
certain nanophase particles that possibly do harm to our
body. Moreover, the potential biohazards of nanosized wear
particles at bone-prosthesis interface are also an important
event necessary to be considered. However, the trend of
nanostructured implant cannot be stopped, and the direction
of future research is to get needed cell behavior by means
of controlling the microstructure of implants. It has been
shown that each of the above individual parameters can
have a significant effect on the structure and function of
adsorbed specific protein and biomolecule. Only if we have
a good learning of relationship between surface properties
and cells’ response, can we create novel nanobiomaterials
with needed structures. Clearly, more investigation on the
toxicity of nanophase materials should be carried out, aiming
to make accurate comparisons with conventionally sized
particles in determining their potential toxicity. All in all, in
spite of kinds of challenges ahead, sorts of fact proved that
nanophase materials represent an important growing area of
research that may improve bonding between an implant and
surrounding bone.We firmly believe nanostructured implant
with various surface properties will have an extremely bright
future in improving orthopedic implant efficacy.
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