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ABSTRACT
The characteristics of the materials that are used for dental
process. Surface energies of the materials that are used

implants are critical for the success of the implant
for implant surgery are especially important for

osseointegration of the implant and to prevent implant failure. In this study, we performed a theoretical analysis
of the surface energies of two prominent materials. The surface energies of anatase TiO, (111) and ZrO, (111)
were calculated with General Utility Lattice Program (GULP). Through analysis of surface energy values, usage
of TiO, (111) and ZrO, (111) in dental implants is discussed in detail. Obtained theoretical results show that
surface energy of TiO, (111) is greater than the surface energy of ZrO, (111) which is consistent with the

literature.
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l. INTRODUCTION

Materials may exert higher conductivity,
higher surface area, and better biocompatibility
characteristics atnanodimensions compared to their
macro forms. Thus, studies in nanoscale contribute
to the production of novel materials in different
fields such as physics, chemistry, biology,
medicine and dentistry [1-5]. One of the fields that
nanotechnology is widely used in is nanodentistry.
Advances innanomaterials, nanosurgery and
nanodrugs  will  shape the  future  of
clinicalnanodentistry [6]. These fields become
more important especially for the success of dental
implants [7].

One of the most common causes of failure
in dental implants is the lack of osseointegration
between the implant and the bone. Interactions
between the cells and the material interface affect
the attachment of blood and bone cells to the
surface, and their proliferation and differentiation.
This is an important factor for enhancing
osteointegration and implant success [8-13].
Interactions between the biomaterials and the cells
depend on the surface features of the biomaterials,
such as surface topography, surface energy and
physical and chemical characteristics [14].
Especially the surface feature of implants is very
important in implant technology which increases
the importance of nanodentistry. Although there are
many studies investigating the role of surface
topography of implants on biological response, the

number of studies evaluating surface energy of
dental implants is rather low [15].

Presence of a hydrophilic surface
accelerates the interactions of the implant surface
with blood, thereby enhancing wound healing and
osseointegration, and is closely related to the
surface energy of the biomaterial [16]. Different
materials used in implant construction have
different surface properties and different surface
energies [17]. Implant surface energy is an
important factor in the regulation of osteogenesis.
Depending on the surface energy, the materials
might have a hydrophilic or a hydrophobic surface
[18]. Generally, when the implant surface is
positively  charged, the surface becomes
hydrophilic and some of the plasma proteins
required to create the initial osteogenic interactions
areadsorbed to these surfaces [19]. This shows the
importance of surface energy on osseointegration.
Titanium (Ti) and Ti-based alloys are widely used
especially in dental implants due to their excellent
biocompatibility —and  excellent  mechanical
properties [12]. These titanium-based implants
have an unreactiveoxide layer on their surfaces that
resists rusting and promotes osseointegrationof the
surrounding bone tissue [23]. Increasing use of
dental implants has led to the search for new
materials to be used in orthopedic applications that
would be an alternative to titanium implants. One
of these materials is zirconium. When exposed to
oxygen, zirconium is converted to the
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biocompatible zirconium dioxide (ZO, chemically
ZrOy) [24]. Zirconium dioxide has been shown to
enhance the osseointegration of the surface [12].

Previously, theoretical and experimental
studies have been performed that analyze the
surface energies of titanium dioxide and zirconium
dioxide [23-26]. However, theoretical studies on
the investigation of surface energies in dental
practice are lacking. Since surface energy has been
shown to effect osseointegration, the aim of this
study was to theoretically calculate and compare
the surface energy of two different implant
surfaces, TiO, and ZrO,, by using General Utility
Lattice Program (GULP), which is a forcefield
based program.

1. METHODS

Total Lattice Energy of TiO, (Bulk), ZrO,
(Bulk), anatase TiO, (111) and ZrO, (111) were
obtained by GULP [27-28]. GULP is designed to
perform a variety of tasks based on force field
methods. Dreiding force field method was used for
TiO, surface [29], and Lewis force field method
was used for ZrO, surface. For both systems, P1
symmetry was adopted. Surface energy of the
surfaces was obtained by using the following
formula;

e s —LF 11,

AUg = ifﬂﬂ(l)

whereAUsg is surface energy, U,,,.¢ is the total

lattice energy of the (111) surface, Ug,;;. is the

total lattice energy of the bulk system and A is the
surface area. We have cleaved the surfaces along Y
(u) and XY (V) planes for both TiO, and ZrO,.

For TiO, (111), u is 5.34 A, v is 10.21 A and
contact angle is 105°. The surface thickness for
TiO, (111) surface was set to 15.42 A. For bulk
TiO,, lattice parameters are a = 3,776, b = 3,776
and ¢ = 9,486 A, respectively.

For ZrO, (111), u and v are 3.58 A and contact
angle is 120°. The surface thickness for ZrO, (111)
was set to 11.71 A. For bulk ZrO,, lattice
parameters are a=b = ¢ = 5,070 A.

1. RESULTS AND DISCUSSION

This study presents the calculation and
comparison of the surface energies of two different
implant materials which were previously proven to
be successful as dental implants.

Utilizationof dental implants in completely
or partially edentulous patients is a scientifically
accepted and well documented treatment method
[30]. Titanium and titanium alloys have become
gold standard for implant surgery in dentistry due
totheirexcellentbiocompatibility,appropriatemechan
ical properties and proven success as dental
implants [20] (Fig. 1a). The titanium dioxide layer
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that is formed when the titanium surface contacts
with oxygen forms the basis of its biocompatibility.
The characteristics of the titanium dioxide layer on
the surface are very important for its biological
activity during implant-bone osseointegration [21].
However, some aesthetic concerns regarding the
titanium implants have led researchers to search for
new alternative biocompatible implant materials.
Zirconium is one of the major materials that present
a suitable alternative. Due to its tooth-like colors
(aesthetic ~ advantage), superior  mechanical
properties, and biocompatibility, zirconium has
been proposed to be used as a dental implant
material [31] (Fig. 1b). Thus, in the present study,
we evaluated titanium and zirconium as the most
commonly used implant materials.

TiO, (bulk) and anatase TiO, (111)
surfaces are shown in Fig. 2. Similarly, Fig. 3
shows ZrO, (111) and ZrO, (bulk). In Fig. 2, the
red color represents the oxygen atom and the grey
color shows the titanium atom. In Fig. 3, the red
color represents the zirconium atom while the light
blue color shows the oxygen atom.

The physical, chemical and surface
properties of a biomaterial play fundamental roles
in osseointegration. The surface characteristics of
the implant material are one of the main factors that
promote  wound healing and enhance
osseointegration of the implant within the tissue
[32]. Particularly, surface energy has been shown
to promote migration of bone cells to the implant
surface during osteogenesis, thus
boostingosseointegration. The hydrophilicity or
hydrophobicity of the surfaces arecorrelated to the
surface energy of the materials (Fig. 4a-b).The
positive value of surface energy indicates that the
surface is hydrophilic[18, 19]. In this study, both
titanium dioxide and zirconium dioxide surfaces
were found to have positive surface energy values
and the surface energy of titanium was found to be
higher.In vitro and in vivo studies that analyzed
these two surfaces exhibited the biocompatibility of
these two implant materials, and their clinical
success [12].Hydrophilic surfaces enable the
biomacromolecules in the blood to attach to the
implant surface and fill the space between the
implant and the bone tissue, thus causing
osteoblasts to migrate to the region and ultimately
resulting in complete osseointegration[13]. Our
results suggest that the calculated positive surface
energies of both of these materials may be related
to their hydrophilic characteristics.

Lattice total energies together with surface
area are presentedin Table 1 for both TiO, and
Zr0O,. Surface energies of TiO, and ZrO, are shown
in Table 2. The results in Table 2 clearly show that
the surface energy of TiO, is higher than that of
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ZrO, which is in agreement with the literature [33-
35].

Several studies have previously evaluated
the clinical usage of titanium and zirconium
implants, which showed that the clinical success
rates of titanium and zirconium implants are
comparable [33-37]. The results of the current work
suggest that the surface energy of the titanium
dioxide surface is higher. In parallel with these
results, several studies have shown that the bone-
implant contact of titanium implants is higher
compared to zirconium implants[33-35].

V. CONCLUSION

To the best of our knowledge, this is the
first study to compare the surface energies of two
different implant surfaces that are frequently used
in dental implants. Our results show that the
surface energy of the titanium dioxide surface is
higher than that of the zirconium dioxide surfaces.
These results are consistent with the previous
studies showing the clinical and experimental
success of implants with titanium and zirconium
surfaces. Results obtained in this study will shed
light onto new theoretical studies about titanium
and zirconium implants.
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Figure captions

Fig.1. a)Titaniumimplant, b)Zirconiumimplant
Fig.2: Graphicaldisplay of (a) TiO, (111)
surfaceand (b) TiO, (bulk). Redcoloredatoms in (a)
and(b)
areoxygenandgreycoloredonesaretitaniumatoms.
Fig.3: Graphicaldisplay of (a) ZrO, (111)
surfaceand (b) ZrO, (bulk). Redcoloredatoms in (a)
and(b)
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arezirconiumandlightbluecoloredonesareoxygenato
ms. TABLES
Fig.4.a)Hydrophobicsurface, b)Hydrophilicsurface.
Acceleratedcoveringof theimplantsurfacewithblood

[16].
Table 1: Total latticeenergies of TiO, (Bulk), TiO, (111), ZrO, (Bulk) and ZrO,(111)
giventogetherwiththesurfacearea of TiO, (111) and ZrO, (111).
System Total LatticeEnergy (kJ/mol) SurfaceArea (A?)
TiO, (Bulk) 6550,0375
TiO, (111) 34749,5781 52,624291
ZrO, (Bulk) -10700,5076
ZrO, (111) -8199,2380 11,130353
Table 2:Surfaceenergy of TiO, (111) and ZrO, (111).
System SurfaceEnergy (J/m°%)
TiO, 88,91
ZrO, 37,33
FIGURES
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(b)
Fig. 2: Graphicaldisplay of (a) TiO, (111) surfaceand (b) TiO, (bulk). Redcoloredatoms in (a) and (b)
areoxygenandgreycoloredonesaretitaniumatoms.

(b)
Fig. 3: Graphicaldisplay of (a) ZrO, (111) surfaceand (b) ZrO, (bulk). Redcoloredatoms in (a) and (b)
arezirconiumandlightbluecoloredonesareoxygenatoms.
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Fig. 4.A)Hydrophobicsurface,B)Hydrophilicsurface. Acceleratedcovering of theimplantsurfacewithblood [16].
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