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ABSTRACT 

The aim of the current review is focused on compiling a comprehensive overview of 

the zirconia surface modification for implant interface osseointegration. Background: 

During the past few decades, the importance of osseointegration for patients has 

significantly increased, and this importance has been reflected in a sharp growth in 

the number of relevant items and treatments in that field of implant dentistry, as well 

as a parallel rise in publications on the subject. The search has been conducted 

through various databases including Cochrane, Web of Science databases, and 

Google Scholar, and Ovid Medline, on the given topic. The preferred method of 

zirconia surface treatment and its effect on osseointegration are briefly reviewed in 

this article in order to provide a concise summary of the current scientific and clinical 

viewpoints. Zirconia surface treatment is controversial topic in terms of surface 

treatment. Surface bio-inertness of zirconia implants result in limited osseointegration 

compared to titanium implants.  
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1.Introduction 
Due to their outstanding mechanical behavior, 
corrosion resistance, and biocompatibility, 
commercially pure titanium and its alloy have 
been the standard materials for the construction 
of dental implants (Sivaram et al., 2018). 
However, an unsightly metallic tinge in the 
anterior region and a possible hypersensitive 
reaction have increased the need for novel 
biomaterials with required biocompatibility and 
aesthetic standards (Han et al, 2017). Zirconia 
ceramic has become an interesting choice for 
dental implant materials over the past three 
decades because of its acceptable esthetic 
properties, chemical stability, and low ion release 
(Han et al, 2017; Cionca et al, 2017). Zirconia, on 
the other hand, exhibits chemical inertness and 
stability, with no local or systemic hypersensitivity 
after implantation, whereas a titanium implant 
may cause specific immunological reactions 
(zcan and Hämmerle, 2012). In the meantime, 
earlier research has demonstrated that zirconia 
implants exhibit a comparable bone-to-implant 
contact (BIC) to titanium implants (Bosshardt et 
al, 2017; Hafezeqoran and Koodaryan, 2017). 
Zirconia has less bacterial growth than titanium, 
and titanium raises the chance of peri-implant 
soft tissue inflammation more than zirconia does. 
   Zirconia implants are considered as a 
‘Biologically inert’ subject, no effective chemical 
bonds could be detected between implants and 
adjacent bone tissues(Siddiqi et al, 2018; Li, 
1997). The main problem is how to make zirconia 
surfaces more bioactive. Surface properties are 
crucial for osseointegration and the long-term 
clinical effectiveness of implants (Liu et al, 2010). 
A greater contact area between the surface of 
the implant and the bone would eventually result 
from these properties, which influence protein 
adsorption and cell activity (Liu et al, 2010; 
Barfeie et al, 2015). Surface modification is 
therefore required to improve osseointegration 
(Pellegrini et al, 2018; Annunziata and Guida, 
2015). 

 

 

 

 Surface modification techniques generally 
attempt to change surface characteristics, such 
as (1) surface topography; (2) surface 
chemistry;(3) surface biochemistry. These three 
strategies are commonly interrelated (Stefanic 
and Kosmač, 2014). However, unlike titanium, 
surface modification of zirconia has been 
technically challenging and related researches 
are not sufficient about the survival rate and 
biocompatibility of zirconia implant , there is also 
the review of surface modification methods and 
how they affect osseointegration. As a result, this 
research provides an overview of different 
surface modification approaches and how they 
affect osseointegration. Also, a few new 
approaches are briefly introduced. 

1.1 Modification of surface topography 
   Surface topography is the degree of 
roughness, which is classified into three 
categories based on the scale of the features: 
macro-, micro-, and nano-sizes, as well as the 
orientation of surface irregularities (Wei et al, 
2014). It has an impact on the biomechanical 
stability of the implants as well as the adhesion, 
proliferation, and differentiation of cells around 
the implants (Stefanic and Kosma, 2014; Tomisa 
et al., 2011). Compared to a smooth implant 
surface, a zirconia implant surface that has been 
roughened promotes greater osseointegration 
(Liu et al, 2010; Bergemann et al, 2015). 
Microscopically, surface topography plays a vital 
role in protein adsorption and the expression of 
bone-related growth factors, which eventually 
impact on the formation of bone and extracellular 
matrix apposition by inducing specific cytokines 
such as fibronectin, integrin, TGF-β (Feller et al, 
2014; Lukaszewska et al, 2018). Many methods, 
including traditional sandblasting, acid etching, 
sandblasting-acid etching, lasers, and selective 
infiltration etching, have been used to alter 
surface topography (Stefanic and Kosma, 2014). 
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Table 1:  Modification of surface topography 

 
Method Characteristic References 

Sandblasting 

Improve 
roughness;Low cost                                                             

Particle 
contamination ; 

Cause microcracks 

( Yamada  et al, 
2013;  Zhang et 

al, 2017)  

Acid-etching 

Eliminate the 
impurities                                                                            

Change chemical 
components 

( Gomez  et al, 
2007;  Jang et 

al, 2018) 

Sandblasting-                                   
acid etching 

Enhance the 
roughness                 

Eliminate impurities 

( Scarano et al, 
2017; Ito et al, 

2013)  

Selective 
Infiltration 

Nanometer 
porous;Selective 

( Aboushelib et 
al, 2007; Nassif 
and Rifai, 2018 ) 

Etching (SIE) 
  

Fiber laser 

Stable and high-
energy beam                                                         

Short wavelength 
without spatial 

fluctuations 

( Delgado et al, 
2015; Di et al, 

2016) 

CO2 laser 

Low frequency and 
small photon energy                                                      

Causes surface 
oxidation and brittle 

rim 

( Stübinger et al, 
2008; Siqueira  

et al, 2015) 

YAG laser 
Shorter wavelength                                                                                    

Focused to a 
smaller spot size 

( Di Matteo et al, 
2016; Kakura et 

al, 2014) 

Femtosecond 
laser 

 

Increase surface 
roughness 
Reduce the 

presence of residual 
elements 

( Stübinger et al, 
2008;  Sugioka 

et al, 2014;  
Oyane et al, 

2016) 

 
1.1.1 Sandblasting  
   To make the zirconia implant surface rougher, 
aluminum or silicon carbide are blasted onto it. 
Sandblasting, often referred to as airborne 

particle abrasion, can increase surface area and 
energy, which in turn improves protein adhesion 
and cell behavior on the peri-implant (Yamada et 
al., 2013). Due to their affordability, hardness, 
and needle-like shape, Al2O3 and zirconia 
granules with a diameter of 25–250 um are the  
primary materials utilized for sandblasting. 
   Bächle M, et al. (2007) found that airborne 
particle abrasion significantly increases the 
surface roughness of zirconia implants compared 
to machined ones, and hence the possibility for 
cell growth. Furthermore, when compared to 
machined titanium surfaces, sandblasting 
considerably promotes peri-implant osteogenesis 
(Bächle et al, 2007). Nothdurft et al. examined 
cell responses on machined, polished, and 
sandblasted zirconia implants. The study found 
that rougher surfaces were favoured by 
osteoblasts (Bächle et al, 2007; Nothdurft et al, 
2015). 
   The advantage of sandblasting is that hard 
materials like ceramic, glass, and silicon can 
undergo a uniform and delicate anisotropic 
abrasion. There are two negatives, though: First, 
due to inevitable particle contamination, 
sandblasting somewhat modifies the surface 
chemistry. Second, it will result in microscopic 
fissures in the surface (Han et al, 2017; Zhang et 
al, 2017). 
1.1.2 Acid-etching 
   To remove the contaminants from the surface, 
an acid solution, such as hydrofluoric acid, nitric 
acid, or sulfuric acid, is used. With etching, the 
surface area will be greatly increased and a 
homogenous, consistent rough surface will be 
achieved (Zhang et al, 2017). For example, HF 
etching on the surface may improve osteoblast 
development and cell adhesion by boosting the 
expression of the genes for osteocalcin and 
collagen type I. (Bastian et al, 2008). The amount 
of fluoride on the surface has been found to 
positively correlate with pull-out findings (Gomez 
and Schmidt, 2007). Because zirconia is highly 
chemically inert and contains minimal silicon, 
prior tests demonstrated that its surface cannot 
be scratched (Oh et al, 2017). Recent studies, 
however, have shown that hydrofluoric acid (HF), 
sulfuric acid, nitric acid, and other solution acids 
can etch the surface of zirconia not only when 
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heated, but can also do so at ambient 
temperature. (Quentin, 2016; Quentin et al., 
2016). One advantage of etching is that there is 
no chance of material delamination because 
there is no force placed on the material (Hung et 
al, 2017).  
   Nonetheless, the surface's constituent parts will 
change (Quentin, 2016). Prior treatment, 
temperature, the composition of the acid 
combination, and the amount of time all affect 
how rough the surface is after etching (Monje, et 
al , 2016; Giner et al, 2018).  The formation of 
these precipitates during HF etching on the 
surface emphasizes the importance of the 
cleaning process, as it is unknown how they will 
impair the bonding between the implant and 
bone (Quentin et al, 2016; Jang et al, 2018). 
 
1.1.3 Sandblasting-acid etching 
   To increase surface roughness and remove 
contaminants, acid-etching and sandblasting are 
two of the most used modifications (Scarano et 
al, 2017). In the nanoscale, submicrometer, and 
micrometer scales, diverse topographies can be 
produced on zirconia surfaces by adjusting 
parameters such particle size, etching time, and 
temperature (Scarano et al, 2017; Velasco et al, 
2019).  Two or more sizes of secondary many pit 
foveae developed by acid etching can be seen 
on the basis of the irregular fluctuation created 
by sandblasting (Velasco et al, 2019). 
Sandblasting creates pit foveae of greater size, 
which serve as attachment points for cells and 
direct cell adhesion, extension, and 
differentiation (Bergemann et al, 2015). The cells' 
point-like contact with the microscopic pits 
created by acid etching stimulates cell response 
(Kim et al, 2015). The combination of the two 
elements raises the level of focal adhesion and 
eventually encourages the growth of bone 
around the implant (Bergemann et al, 2015). 
Hiroshi et al. did a study (Ito et al, 2013). 
Suggests that enhancing MC3T3-E1 cell 
proliferation and differentiation by sandblast-
etching micro- and nano-topographies on TZP is 
a viable method. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: In comparison to machined zirconia, the surface 
topography of yttria-stabilized zirconia following 
sandblasting (YZ-S), acid etching (YZ-SE), and heat 
treatment (YZ-SEH) (YZ), taken from with permission 
(Bergemann et al, 2015). 

1.1.4 Selective infiltration etching (SIE) 
   Unlike classical etching, a novel technology 
firstly reported by Aboushelib called selective 
infiltration etching can create a wide range of 
nano-topographies by injection-moulding on the 
surface of zirconia (Aboushelib et al, 2007). A 
special infiltration  glass covered on the surface 
of zirconia is heated to its glass transition 
temperature (El-Ghany and Husein Sherief, , 
2016). Then, the surface tension and capillary 
force caused by the diffusion of molten glass 
between the grain boundary will result in the 
separation of the grain  (Aboushelib et al, 2007). 
Finally, while cooled to room temperature and 
placed in the acid, the glass between the grain 
boundary will be etched by acid, exposing the 
nanoscale porous structure (Aboushelib et al, 
2010). Zirconia's entire surface is chemically 
similar, hence the creation of a different surface 
texture occurs on a nanoscale without causing 
component loss or escalating tiny surface  
roughness (Alagiriswamy et al, 2020).  
In addition, the shape and distribution of the pits 
can be altered by varying the glass' composition, 
temperature, and heating time (Mostafa et al, 
2018; Aboushelib et al, 2013). 
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   By selective infiltration etching, Aboushelib et 
al. successfully changed the dense, nonretentive 
surface of zirconia implants into a nanoporous 
surface. Because cell quantity and size were 
substantially higher on SIE treated zirconia 
surface than on polished zirconia surface, 
nanoporous zirconia surface appears to boost 
cell development and attachment compared to 
polished zirconia surface (Mostafa et al, 2018). 
Ana-Maria Stanciuc et al. discovered that the 
surface of ZTA with SIE-created micro-roughness, 
fluorine enrichment, and nano-porosity has an 
additive effect on human osteoblast maturation 
(Stanciuc et al, 2018). SIE has a number of 
benefits: No new surface flaws are created, there 
is great flexibility in choosing the 
microtopography pattern, and it is possible to 
scale up to mass producing components with 
complicated geometry (Nassif and Rifai, 2018).  

 

 

 

 

 

 

 

 

 

 

 

1.1.5 Laser 
   Due to its accuracy, great efficiency, and 
excellent controllability, laser is now commonly 
used for surface modification of zirconia implant 
materials (Gaggl et al, 2000). Laser treatment 
may create a variety of patterns on the zirconia 
surface in a controlled manner, such as 
micrometer holes and nanometric structure 
(Nayak and Dahotre, 2002). Power input, energy, 

pulse length, and the characteristics of the target 
material all play a role in determining laser 
topography (Nayak and Dahotre, 2002; Nayak et 
al, 2003). The amount of power input, for 
instance, affects the maximum temperature and 
cooling rate. The length of an interaction affects 
the interactions between phases (Götz et al., 
2004). Since the heating and cooling rates are so 
fast, the microstructure may have a refined 
microstructure, extended solid solubility, and 
incomplete surface chemical reactions (Nayak 
and Dahotre, 2002). Unlike other treatments, 
laser modification can remove surface layers 
while posing no contamination risk due to no 
direct contact between the material and the laser 
(Smalley, 2011). Also, laser treatment increases 
the quantity of hydroxyl groups on the surface, 
which promotes surface wettability (Smalley, 
2011; Romanos et al, 2009). Certain 
investigations have shown that insertion torque 
values were higher in zirconia implants treated 
with lasers than in nongrooved sandblasted 
implants (Delgado et al, 2014). There are 
numerous types of lasers available nowadays, 
including fiber lasers, femtosecond lasers, CO2 
lasers, and Nd:YAG lasers, each has its own 
distinct features and applications (Delgado et al, 
2015; Di Matteo et al, 2016). 
1.1.5.1 Fiber laser 
   The benefits of fiber lasers include their 
stability, high-energy beam, and short 
wavelength (1000-1100nm) with little spatial 
variations (Delgado et al, 2015). A fiber laser can 
produce many 2 μm wide grooves on the surface 
of zirconia implants with no effect on 
nanostructure (Yasuno et al, 2014). According to 
studies, the average BIC of the fiber laser group 
is 4.2 times greater than the smooth surface, and 
the average RTQ of the former is approximately 
2.4 times greater than the latter, indicating the 
biological enhancement of laser treated zirconia 
implants. The morphology of osteoblast-like cells 
was altered by the application of a fiber laser to 
the surface of zirconia, which also markedly 
increased calcification and cell multiplication 
(Yasuno et al, 2014). 
1.1.5.2 CO2 Laser 
    A gas laser with a low frequency and low 
photon energy is a CO2 laser (Stübinger et al., 

 

 
Figure 2: As a result of the AS group's polishing process, 
the surfaces shown in (A) and (B) have uniform densities 
and lines; (C) has a nanoporous SIE zirconia surface with 
valleys; and (D) has zirconia that has undergone ROC 
treatment to show the impact of silica on the surface. taken 
from with permission (Nassif and Rifai, 2018). 
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2008). It is a form of thermal processing and is 
mostly employed in cutting and surface 
preparation (Siqueira et al, 2015). It is possible to 
focus the beam into a 100 um spot by using a 
lens with a low focal length (Cunha et al, 2022). 
However Stübinger et al. (2008) claim that the 
laser causes brittle rims and surface oxidation. 
CO2 laser is used by HAO et al. (2005) to alter 
the zirconia's surface characteristics. They show 
that the CO2 laser's increased wettability 
properties are principally caused by an increase 
in surface energy, especially the polar 
component, which is governed by microstructural 
changes (Hao et al, 2005). Microstructural 
examinations of the surfaces show that at low 
laser energies, the crystal structure undergoes 
reorientation, which is followed by the 
emergence of a hexagonal structural 
configuration. Cell formation begins for samples 
heated to 1.6 kW/cm2 when melting first appears 
on the surface (Park et al, 2012). Following this 
state, which corresponds to the maximum 
surface energy, there is a decrease in surface 
energy because a uniform cellular structure has 
developed (Cunha et al, 2022). 
 

 
(a)                                 (b) 

 
(c) 

 
Figure 3 The morphology of (a) untreated YPSZ and (b) 
YPSZ treated with CO2 lasers at power densities of 1.80 
kW/cm2 and (c) 2.25 kW/cm2 is shown in an optical image. 
This passage was copied from with permission (Hao et al, 
2005). 

 
 

1.1.5.3 YAG laser 
   Aside from CO2 laser, surface patterns can be 
accurately generated by regulating the pulse 
repetition rate of a postoperative neodymium-
yttrium-aluminum-garnet (Nd:YAG) laser. The 
pulse repetition rate of a Nd: YAG laser can be 
regulated electronically, allowing precise 
production of predefined patterns (Di Matteo et al, 
2016). Because of the lower wavelength of the 
Nd:YAG laser, the beam can be focussed to a 
smaller spot size than the CO2 laser (Beketova, 
et al, 2016; Suzuki, 2015 ). The operation of CO2 
and Nd:YAG lasers is mostly thermal in nature, 
with the focusing optics directing a 
predetermined energy density into a focused  
area on the workpiece (Ciupak et al, 2021). 
   The absorption of radiation at the surface of a 
material elevates its temperature prior to 
ablation, resulting in melting at the surface. The 
material vaporizes as the temperature rises, and 
finally solidifies when the temperature falls 
(Roitero et al, 2017). Hence, when a focused 
laser beam interacts with a material surface, the 
set of steps involved in the formation of new 
surface topography are melting, melt motion, 
evaporation, and solidification (Suzuki, 2015; 
Roitero et al, 2017).`23ws Kakura et al. (2014) 
use YAG laser irradiation to cure the zirconia 
implant (Rough zirconia implants, R-ZrIs). The 
BIC ratio for R-ZrI was approximately 1.25 times 
greater than for smooth zirconia implants (S-ZrIs) 
on the cortical bone side (Kakura et al, 2014). 
2.1.5.4 Femtosecond laser 
   Femtosecond laser, as a type of pulsed laser, 
improves surface roughness, lowers the 
existence of residual elements, and the final 
surface preserves its properties indefinitely. It is 
also a technology with the potential for 
automation and thus repeatability (Sugioka et al, 
2014). It offers a great level of flexibility and 
precision in surface design (Jonuauskas et al, 
2019). It reduces the presence of leftover 
elements as compared to other laser treatments 
(Rizvi, 2003). Microgrooved zirconia implants that 
performed well in vitro and in vivo were created 
using femtosecond laser micromachining (Park et 
al, 2012; Beketova et al, 2016). The osteogenic 
response of human mesenchymal stem cells can 
be improved by adjusting the width, height, and 
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spacing of microgrooves made by femtosecond 
lasers in biomaterials, such as bioinert ceramics 
(hMSCs) (Kim et al., 2015; Nadeem et al., 2013). 
In a work by Ana-Maria Stanciuc, a femtosecond 
laser was used to carve out pits on the surface of 
zirconia in order to produce a variety of 
micropatterns. They find that the pattern with 
dimensions of 30 m in diameter and 10 m in 
depth was responsible for the greatest 
osteoblastic hMSC commitment (Oyane et al, 
2016). A fascinating alternative to traditional 
surface treatments for zirconia implants is the 
femtosecond laser because of its accuracy and 
minimal impact on the surrounding area 
(Stübinger et al., 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.2 Modification of Surface Chemistry 
   Surface chemistry, including wettability, 
chemical composition, and crystallinity, is equally 
important in addition to surface topography 
because it encourages cell responses including 
adhesion and proliferation, which leads to a 
higher contact zone at the bone-implant interface 
(Duraccio et al, 2015). Applying functional groups 
to the surface to improve surface chemistry is 
referred to as "modifying surface chemistry" 
(Kligman et al, 2021). For instance, 
biofunctionalization on the zirconia surface can 
change the material from bioinert to bioactive, 
resulting in a surface with greater bone 
remodeling activities and a response to bone 
formation (Duraccio et al, 2015; Aita et al, 2009).  

 

 

Table 2:  Modification of surface chemistry 

Method Charecterstic References 

UV treatment 

Transform from 
hydrophobic to 

hydrophilic 

Reduced the 
atomic 

percentage of 
surface carbon 

 ( Aita et al, 

2009; Rizvi, 

2003) 

Biofunctionalization 

 

Grafts 
biomolecules on 

surface                         
Proteins, 
enzymes, 

peptides, etc 

( Nadeem et 

al, 2013; 

Wang et al, 

1997)  

  
1.2.1 UV treatment 
   Certain authors believed that UV would have a 
similar impact on zirconia implants and increase 
the bioactivity around them based on prior 
studies that showed that osseointegration of 
titanium implants with ultraviolet therapy was 
greatly improved due to the action of super-
hydrophilic (Aita et al, 2009; Wang et al, 1997).    
   Researchers have discovered a connection 
between this phenomenon, also known as "UV 
light-mediated photofunctionalization," and the 
development of hydrophilicity, alteration of the 
surface's electrostatic properties, and 
photochemical and photocatalytic removal of 
hydrocarbons from the material's surface (Tuna 
et al, 2015). UV light treatment converted the 
surface of zirconia from hydrophobic to 
hydrophilic in a dose-dependent manner, while  
also lowering the atomic percentage of surface 
carbon (Brezavek et al., 2016; Altmann et al., 
2013). Another mechanism suggested is that UV 
light-induced surface oxygen vacancies at 
bridging oxygen sites facilitate dissociative water 
adsorption. Moreover, zirconia photocatalytic 
activity modifies the chemistry of water's surface, 
causing wetting (Wang et al, 1997).  In a recent 
study, Wael Att, et al. (2009) found that zirconia 
treated with UV can boost osteoblasts' bioactivity 
in terms of attachment, proliferation, and 
ultimately mineralization. Its biofunctionalization 
is related to the hydrophilic conversion of zirconia 

 
 
Figure 4: Surfaces of the untreated Y-TZP sample and 
the TZP treated with femtosecond were captured in 
SEM images. Extracted from (Oyane et al, 2016). 
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surfaces by UV light-catalyzed reaction and the 
progressive removal of hydrocarbons (Att et al, 

2009). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Zirconia disk surface morphology and 
hydrophilicity. taken from with permission (Aita et 
al, 2009).   

1.2.2 Biofunctionalization 

When biomolecules like proteins, enzymes, and 
peptides are grafted onto surfaces to change 
their biochemical characteristics, the resulting 
changes in the biological responses are referred 
to as biofunctionalization, also known as 
biomimetic surface modifications. 2014 (Hsu et 
al.). Nowadays, biofunctionalization is regarded 
as a successful method for changing the 
composition, structure, and/or morphology of 
surfaces without affecting the general qualities. 
In particular, covalent bonding of biomolecules 
on surface has become essential for various 
tactics such as assay technologies, biosensors, 
imaging devices, and therapeutics in order to 
produce bioactivity on biomaterials. (Khatayevich 

et al., 2010; Hanawa, 2011). RGD sequence, 
other oligopeptides, proteins, aptamers, and 
even numerous peptides with cooperative 
activities are just a few examples of the complex 
biomolecules that have been attached to metal 
surfaces (Chen et al, 2013; Rocas et al, 2015). 
However, the possibility of chemically 
biofunctionalizing other biomaterials of more 
recent interest in dentistry, notably those based 
on zirconia, is less understood. However the 
approaches of biofunctionalization are developed 
for titanium materials with encouraging results. 

1.3 Coating 
   The goal of coating, a typical surface 
modification technique, is to enhance the surface 
characteristics of biomaterials, which primarily 
serve as strong mechanical supports but also 
need to have improved surface characteristics to 
facilitate osseointegration (Xuereb et al, 2015). 
Coating has the benefit of forming a solid 
interface with bone tissue and providing enough 
mechanical stability to sustain the stresses used 
during implantation (Junker et al, 2009). 
Moreover, coatings must to have controlled rates 
of dissolving in bodily fluids and perhaps function 
as a medication delivery mechanism (Piotrowski 
et al, 1975). However, the major problem with 
surface coating treatment is that the bond force 
between coatings and implants is insufficient, 
and in long-term applications the coating tends to 
gradually separate from the implant (Junker et al, 
2009). Several coating materials are available to 
make a surface bioactive. Today, bioglass, 
hydroxyapatite (HA), calcium phosphate (CaP), 
nanostructure coating, and various types of 
bioactive ions are used as coating materials for 
zirconia implants (Xuereb et al, 2015; Bosetti et 
al, 2001).  

Conclusions 

 Zirconia is gaining popularity as a ceramic 
biomaterial for dental implant applications 
because of its biocompatibility and good 
mechanical qualities. Many investigations have 
been done to alter the dental implant surface's 
osseointegrative qualities. Even if there are 
occasionally inconsistent outcomes, many 
researchers are working to enhance their 
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individual surface modification methods with a 
more thorough and in-depth investigation to 
understand the underlying process underpinning 
surface attributes and cellular response. The 
reliability of zirconia implants in medical 
treatment applications is anticipated to be 
improved with time by surface alterations. The 
future studies might further focus on innovative 
surface treatments 0f titanium dental implants, 
including self-assembled monolayer (SAM), 3D 
printing, and thin silica coatings to optimise 
bioactivity and biocompatibility.  

Acknowledgment: Not applicable.  

Financial support: No financial support. 

Potential conflicts of interest. All authors report 
no conflicts of interest relevant to this article. 

References 

Aboushelib, M.N., Feilzer, A.J. and Kleverlaan, C.J., 2010. 
Bonding to zirconia using a new surface 
treatment. Journal of Prosthodontics: Implant, Esthetic 
and Reconstructive Dentistry, 19(5), pp.340-346. 

Aboushelib, M.N., Kleverlaan, C.J. and Feilzer, A.J., 2007. 
Selective infiltration-etching technique for a strong and 
durable bond of resin cements to zirconia-based 
materials. The Journal of prosthetic dentistry, 98(5), 
pp.379-388. 

Aita, H., Hori, N., Takeuchi, M., Suzuki, T., Yamada, M., 
Anpo, M. and Ogawa, T., 2009. The effect of ultraviolet 
functionalization of titanium on integration with 
bone. Biomaterials, 30(6), pp.1015-1025. 

Alagiriswamy, G., Krishnan, C.S., Ramakrishnan, H., 
Jayakrishnakumar, S.K., Mahadevan, V. and 
Azhagarasan, N.S., 2020. Surface characteristics and 
bioactivity of zirconia (Y-TZP) with different surface 
treatments. Journal of Pharmacy & Bioallied 
Sciences, 12(Suppl 1), p.S114. 

Altmann, B., Kohal, R.J., Steinberg, T., Tomakidi, P., 
Bächle-Haas, M., Wennerberg, A. and Att, W., 2013. 
Distinct cell functions of osteoblasts on UV-
functionalized titanium-and zirconia-based implant 
materials are modulated by surface topography. Tissue 
Engineering Part C: Methods, 19(11), pp.850-863. 

Annunziata, M. and Guida, L., 2015. The effect of titanium 
surface modifications on dental implant 
osseointegration. Biomaterials for Oral and 
Craniomaxillofacial Applications, 17, pp.62-77. 

Att, W., Takeuchi, M., Suzuki, T., Kubo, K., Anpo, M. and 
Ogawa, T., 2009. Enhanced osteoblast function on 
ultraviolet light-treated zirconia. Biomaterials, 30(7), 
pp.1273-1280. 

Bächle, M., Butz, F., Hübner, U., Bakalinis, E. and Kohal, 
R.J., 2007. Behavior of CAL72 osteoblast‐like cells 

cultured on zirconia ceramics with different surface 

topographies. Clinical oral implants research, 18(1), 
pp.53-59. 

Barfeie, A., Wilson, J. and Rees, J., 2015. Implant surface 
characteristics and their effect on 
osseointegration. British dental journal, 218(5), pp.E9-
E9. 

Bastian, F., Stelzmüller, M.E., Kratochwill, K., Kasimir, 
M.T., Simon, P. and Weigel, G., 2008. IgG deposition 
and activation of the classical complement pathway 
involvement in the activation of human granulocytes by 
decellularized porcine heart valve 
tissue. Biomaterials, 29(12), pp.1 Aita et al, 2009).  4-
1832. 

Beketova, A., Poulakis, N., Bakopoulou, A., Zorba, T., 
Papadopoulou, L., Christofilos, D., Kantiranis, N., 
Zachariadis, G.A., Kontonasaki, E., Kourouklis, G.A. 
and Paraskevopoulos, K.M., 2016. Inducing bioactivity 
of dental ceramic/bioactive glass composites by Nd: 
YAG laser. Dental Materials, 32(11), pp.e284-e296. 

Bergemann, C., Duske, K., Nebe, J.B., Schöne, A., 
Bulnheim, U., Seitz, H. and Fischer, J., 2015. 
Microstructured zirconia surfaces modulate osteogenic 
marker genes in human primary osteoblasts. Journal of 
Materials Science: Materials in Medicine, 26, pp.1-11. 

Bosetti, M., Vernè, E., Ferraris, M., Ravaglioli, A. and 
Cannas, M., 2001. In vitro characterisation of zirconia 
coated by bioactive glass. Biomaterials, 22(9), pp.987-
994. 

Bosshardt, D.D., Chappuis, V. and Buser, D., 2017. 
Osseointegration of titanium, titanium alloy and zirconia 
dental implants: current knowledge and open 
questions. Periodontology 2000, 73(1), pp.22-40. 

Brezavšček, M., Fawzy, A., Bächle, M., Tuna, T., Fischer, 
J. and Att, W., 2016. The effect of UV treatment on the 
osteoconductive capacity of zirconia-based 
materials. Materials, 9(12), p.958. 

Chen, X., Sevilla, P. and Aparicio, C., 2013. Surface 
biofunctionalization by covalent co-immobilization of 
oligopeptides. Colloids and Surfaces B: 
Biointerfaces, 107, pp.189-197. 

Cionca, N., Hashim, D. and Mombelli, A., 2017. Zirconia 
dental implants: where are we now, and where are we 
heading?. Periodontology 2000, 73(1), pp.241-258. 

Ciupak, P., Barłowski, A., Sagan, P., Jasiński, T. and 
Kuzma, M., 2021. Interaction of Long Time Pulses of an 
Nd3+: YAG Laser Beam with the Heusler 
AlloyNi45Co5Mn35. 5In14. 5. Materials, 14(22), p.7016. 

Cunha, W., Carvalho, O., Henriques, B., Silva, F.S., 
Özcan, M. and Souza, J.C., 2022. Surface modification 
of zirconia dental implants by laser texturing. Lasers in 
Medical Science, pp.1-17. 

Delgado‐Ruiz, R.A., Abboud, M., Romanos, G., Aguilar‐
Salvatierra, A., Gomez‐Moreno, G. and Calvo‐Guirado, 

J.L., 2015. Peri‐implant bone organization surrounding 

zirconia‐microgrooved surfaces circularly polarized light 

and confocal laser scanning microscopy study. Clinical 
oral implants research, 26(11), pp.1328-1337. 

Delgado‐Ruíz, R.A., Calvo‐Guirado, J.L., Moreno, P., 

Guardia, J., Gomez‐Moreno, G., Mate‐Sánchez, J.E., 



 

 
10 

   Abdullah & Raof                                                                                                                                                                      ZJPAS (2024), 36(1);1-12       

 

ZANCO Journal of Pure and Applied Sciences 2024 

 

Ramirez‐Fernández, P. and Chiva, F., 2011. 

Femtosecond laser microstructuring of zirconia dental 
implants. Journal of Biomedical Materials Research Part 
B: Applied Biomaterials, 96(1), pp.91-100. 

Delgado-Ruíz, R.A., Marković, A., Calvo-Guirado, J.L., 
Lazić, Z., Piattelli, A., Boticelli, D., Maté-Sánchez, J.E., 
Negri, B., Ramirez-Fernandez, M.P. and Mišić, T., 2014. 
Implant stability and marginal bone level of 
microgrooved zirconia dental implants: A 3-month 
experimental study on dogs. Vojnosanitetski 
pregled, 71(5), pp.451-461. 

Di Matteo, F., Bettin, P., Fiori, M., Ciampi, C., Rabiolo, A. 
and Bandello, F., 2016. Nd: Yag laser goniopuncture for 
deep sclerectomy: efficacy and outcomes. Graefe's 
Archive for Clinical and Experimental 
Ophthalmology, 254, pp.535-539. 

Duraccio, D., Mussano, F., & Faga, M. G. (2015). 
Biomaterials for dental implants: current and future 
trends. Journal of Materials Science, 50(14), 4779-4812. 

El-Ghany, A., & Husein Sherief, A. (2016). Zirconia based 
ceramics, some clinical and biological aspects. Future 
dental journal, 2(2), 55-64.  

Feller, L., Chandran, R., Khammissa, R.A.G., Meyerov, R., 
Jadwat, Y., Bouckaert, M., Lemmer, J. and Schechter, 
I., 2014. Osseointegration: biological events in relation 
to characteristics of the implant surface: clinical 
review. South African Dental Journal, 69(3), pp.112-117. 

Gaggl, A., Schultes, G., Müller, W.D. and Kärcher, H., 
2000. Scanning electron microscopical analysis of laser-
treated titanium implant surfaces—a comparative 
study. Biomaterials, 21(10), pp.1067-1073. 

Giner, L., Mercadé, M., Torrent, S., Punset, M., Pérez, 
R.A., Delgado, L.M. and Gil, F.J., 2018. Double acid 
etching treatment of dental implants for enhanced 
biological properties. Journal of Applied Biomaterials & 
Functional Materials, 16(2), pp.83-89. 

Gomez, N. and Schmidt, C.E., 2007. Nerve growth factor‐
immobilized polypyrrole: Bioactive electrically 
conducting polymer for enhanced neurite 
extension. Journal of biomedical materials research Part 
A, 81(1), pp.135-149. 

Götz, H.E., Müller, M., Emmel, A., Holzwarth, U., Erben, 
R.G. and Stangl, R., 2004. Effect of surface finish on the 
osseointegration of laser-treated titanium alloy 
implants. Biomaterials, 25(18), pp.4057-4064. 

Hafezeqoran, A. and Koodaryan, R., 2017. Effect of 
zirconia dental implant surfaces on bone integration: a 
systematic review and meta-analysis. BioMed research 
international, 2017. 

Han, A., Tsoi, J. K. H., Matinlinna, J. P., & Chen, Z. (2017). 
Influence of grit-blasting and hydrofluoric acid etching 
treatment on surface characteristics and biofilm 
formation on zirconia. Coatings, 7(8), 130. 

Han, J., Zhao, J. and Shen, Z., 2017. Zirconia ceramics in 
metal-free implant dentistry. Advances in Applied 
Ceramics, 116(3), pp.138-150. 

Hanawa, T., 2011. A comprehensive review of techniques 
for biofunctionalization of titanium. Journal of 
periodontal & implant science, 41(6), pp.263-272. 

Hao, L., Lawrence, J. and Chian, K.S., 2005. Osteoblast 
cell adhesion on a laser modified zirconia based 
bioceramic. Journal of Materials Science: Materials in 
Medicine, 16, pp.719-726. 

Hsu, S. K., Hsu, H. C., Ho, W. F., Yao, C. H., Chang, P. L., 
& Wu, S. C. (2014). Biomolecular modification of 
zirconia surfaces for enhanced biocompatibility. Thin 
Solid Films, 572, 91-98.  

Hung, K. Y., Lin, Y. C., & Feng, H. P. (2017). The effects of 
acid etching on the nanomorphological surface 
characteristics and activation energy of titanium medical 
materials. Materials, 10(10), 1164.  

Ito, H., Sasaki, H., Saito, K., Honma, S., Yajima, Y. and 
Yoshinari, M., 2013. Response of osteoblast-like cells to 
zirconia with different surface topography. Dental 
materials journal, 32(1), pp.122-129. 

Jang, T.H., Park, J.H., Moon, W., Chae, J.M., Chang, N.Y. 
and Kang, K.H., 2018. Effects of acid etching and 
calcium chloride immersion on removal torque and 
bone-cutting ability of orthodontic mini-
implants. American Journal of Orthodontics and 
Dentofacial Orthopedics, 154(1), pp.108-114. 

Jonušauskas, L., Mackevičiūtė, D., Kontenis, G., & Purlys, 
V. (2019). Femtosecond lasers: the ultimate tool for 
high-precision 3D manufacturing. Advanced Optical 
Technologies, 8(3-4), 241-251. 

Junker, R., Dimakis, A., Thoneick, M. and Jansen, J.A., 
2009. Effects of implant surface coatings and 
composition on bone integration: a systematic 
review. Clinical oral implants research, 20, pp.185-206. 

Kakura, K., Yasuno, K., Taniguchi, Y., Yamamoto, K., 
Sakai, T., Irie, A., & Kido, H. (2014). Zirconia implant 
with rough surface produced by YAG laser treatment: 
Evaluation of histomorphology and strength of 
osseointegration. Journal of Hard Tissue Biology, 23(1), 
77-82. 

Khatayevich, D., Gungormus, M., Yazici, H., So, C., 
Cetinel, S., Ma, H., Jen, A., Tamerler, C. and Sarikaya, 
M., 2010. Biofunctionalization of materials for implants 
using engineered peptides. Acta biomaterialia, 6(12), 
pp.4634-4641. 

Kim, H.K., Lee, E.Y. and Kim, J.J., 2015. Five-year 
retrospective radiographic follow-up study of dental 
implants with sandblasting with large grit, and acid 
etching-treated surfaces. Journal of the Korean 
Association of Oral and Maxillofacial Surgeons, 41(6), 
p.317. 

Kim, M.H., Park, K., Choi, K.H., Kim, S.H., Kim, S.E., 
Jeong, C.M. and Huh, J.B., 2015. Cell adhesion and in 
vivo osseointegration of sandblasted/acid 
etched/anodized dental implants. International Journal 
of Molecular Sciences, 16(5), pp.10324-10336. 

Kim, S.Y., Kang, J.H., Seo, W.S., Lee, S.W., Oh, N.S., 
Cho, H.K. and Lee, M.H., 2015. Effect of topographical 
control by a micro-molding process on the activity of 
human Mesenchymal Stem Cells on alumina 
ceramics. Biomaterials Research, 19(1), pp.1-10. 

Kligman, S., Ren, Z., Chung, C.H., Perillo, M.A., Chang, 
Y.C., Koo, H., Zheng, Z. and Li, C., 2021. The impact of 



 

 
11 

   Abdullah & Raof                                                                                                                                                                      ZJPAS (2024), 36(1);1-12       

 

ZANCO Journal of Pure and Applied Sciences 2024 

 

dental implant surface modifications on osseointegration 
and biofilm formation. Journal of clinical medicine, 10(8), 
p.1641. 

Li, J., 1997. Bone–implant interface and remaining tissues 
on the implant surface after push‐out test: an SEM 

observation. Bio-Medical Materials and 
Engineering, 7(6), pp.379-385.  

Liu, X., Chu, P. K., & Ding, C. (2010). Surface nano-
functionalization of biomaterials. Materials Science and 
Engineering: R: Reports, 70(3-6), 275-302. 

Lukaszewska-Kuska, M., Wirstlein, P., Majchrowski, R., & 
Dorocka-Bobkowska, B. (2018). Osteoblastic cell 
behaviour on modified titanium surfaces. Micron, 105, 
55-63.  

Lung, C.Y., Abdalla, M.M., Chu, C.H., Yin, I., Got, S.R. and 
Matinlinna, J.P., 2021. A multi-element-doped porous 
bioactive glass coating for implant 
applications. Materials, 14(4), p.961. 

Monje, A., González-García, R., Fernández-Calderón, 
M.C., Hierro-Oliva, M., González-Martín, M.L., Del Amo, 
F.S.L., Galindo-Moreno, P., Wang, H.L. and Monje, F., 
2016. Surface Topographical Changes of a Failing Acid-
Etched Long-Term in Function Retrieved Dental 
Implant. Journal of Oral Implantology, 42(1), pp.12-16. 

Morton, D., Gallucci, G., Lin, W.S., Pjetursson, B., Polido, 
W., Roehling, S., Sailer, I., Aghaloo, T., Albera, H., 
Bohner, L. and Braut, V., 2018. Group 2 ITI consensus 
report: prosthodontics and implant dentistry. Clinical oral 
implants research, 29, pp.215-223. 

Mostafa, D. and Aboushelib, M., 2018. Bioactive–hybrid–
zirconia implant surface for enhancing osseointegration: 
an in vivo study. International journal of implant 
dentistry, 4(1), pp.1-7.  

Nadeem, D., Sjostrom, T., Wilkinson, A., Smith, C.A., 
Oreffo, R.O., Dalby, M.J. and Su, B., 2013. Embossing 
of micropatterned ceramics and their cellular 
response. Journal of Biomedical Materials Research 
Part A, 101(11), pp.3247-3255. 

Nassif, W. and Rifai, M., 2018. Surface Characterization 
and Cell Adhesion of Different Zirconia Treatments: An 
in vitro Study. The Journal of Contemporary Dental 
Practice, 19(2), pp.181-188. 

Nayak, S., & Dahotre, N. B. (2002). The laser-induced 
combustion synthesis of iron-oxide nanocomposite 
coatings on aluminum. JOM, 54(9), 39-41. 

Nayak, S., Riester, L., Meyer, H. M., & Dahotre, N. B. 
(2003). Micromechanical properties of a laser-induced 
iron oxide–aluminum matrix composite coating. Journal 
of materials research, 18(4), 833-839.  

Nothdurft, F.P., Fontana, D., Ruppenthal, S., May, A., 
Aktas, C., Mehraein, Y., Lipp, P. and Kaestner, L., 2015. 
Differential behavior of fibroblasts and epithelial cells on 
structured implant abutment materials: A comparison of 
materials and surface topographies. Clinical implant 
dentistry and related research, 17(6), pp.1237-1249. 

Oh, G.J., Yoon, J.H., Vu, V.T., Ji, M.K., Kim, J.H., Kim, 
J.W., Yim, E.K., Bae, J.C., Park, C., Yun, K.D. and Lim, 
H.P., 2017. Surface characteristics of bioactive glass-
infiltrated zirconia with different hydrofluoric acid etching 

conditions. Journal of Nanoscience and 
Nanotechnology, 17(4), pp.2645-2648. 

Oyane, A., Kakehata, M., Sakamaki, I., Pyatenko, A., 
Yashiro, H., Ito, A., & Torizuka, K. (2016). Biomimetic 
apatite coating on yttria-stabilized tetragonal zirconia 
utilizing femtosecond laser surface processing. Surface 
and Coatings Technology, 296, 88-95.  

Özcan, M., & Hämmerle, C. (2012). Titanium as a 
reconstruction and implant material in dentistry: 
advantages and pitfalls. Materials, 5(9), 1528-1545.  

Park, J.H., Heo, S.J., Koak, J.Y., Kim, S.K., Han, C.H. and 
Lee, J.H., 2012. Effects of laser irradiation on machined 
and anodized titanium disks. International Journal of 
Oral & Maxillofacial Implants, 27(2). 

Pellegrini, G., Francetti, L., Barbaro, B. and Del Fabbro, 
M., 2018. Novel surfaces and osseointegration in 
implant dentistry. Journal of investigative and clinical 
dentistry, 9(4), p.e12349. 

Piotrowski, G., Hench, L.L., Allen, W.C. and Miller, G.J., 
1975. Mechanical studies of the bone bioglass 
interfacial bond. Journal of biomedical materials 
research, 9(4), pp.47-61. 

Quentin F. (2016). Hydrofluoric acid etching of dental 
zirconia. Part 2: effect on flexural strength and ageing 
behavior. . Journal of the European Ceramic 
Society,;36:135–145. 

Quentin F., Joan ., et al. (2016). Hydrofluoric acid etching 
of dental zirconia. Part 1: etching mechanism and 
surface characterization. Journal of the European 
Ceramic Society;36:121–134. 

Rizvi, N. H. (2003). Femtosecond laser micromachining: 
Current status and applications. Riken review, 107-112. 

Robles-Ruíz, J.J., Arana-Chavez, V.E., Ciamponi, A.L., 
Abrão, J. and Kanashiro, L.K., 2015. Effects of 
sandblasting before orthophosphoric acid etching on 
lingual enamel: in-vitro roughness 
assessment. American Journal of Orthodontics and 
Dentofacial Orthopedics, 147(4), pp.S76-S81. 

Rocas, P., Hoyos‐Nogués, M., Rocas, J., Manero, J.M., 

Gil, J., Albericio, F. and Mas‐Moruno, C., 2015. 

Installing Multifunctionality on Titanium with RGD‐
Decorated Polyurethane‐Polyurea Roxithromycin 

Loaded Nanoparticles: Toward New Osseointegrative 
Therapies. Advanced Healthcare Materials, 4(13), 
pp.1956-1960. 

Roitero, E., Lasserre, F., Anglada, M., Mücklich, F. and 
Jiménez-Piqué, E., 2017. A parametric study of laser 
interference surface patterning of dental zirconia: 
Effects of laser parameters on topography and surface 
quality. Dental Materials, 33(1), pp.e28-e38. 

Romanos, G.E., Gutknecht, N., Dieter, S., Schwarz, F., 
Crespi, R. and Sculean, A., 2009. Laser wavelengths 
and oral implantology. Lasers in medical science, 24, 
pp.961-970. 

Scarano, A., Piattelli, A., Quaranta, A. and Lorusso, F., 
2017. Bone response to two dental implants with 
different sandblasted/acid-etched implant surfaces: A 
histological and histomorphometrical study in 
rabbits. BioMed Research International, 2017. 



 

 
12 

   Abdullah & Raof                                                                                                                                                                      ZJPAS (2024), 36(1);1-12       

 

ZANCO Journal of Pure and Applied Sciences 2024 

 

Schüpbach, P. (2014). Interfaces Between Tissues and 
Ceramics. In Advanced Ceramics for Dentistry (pp. 201-
217). Butterworth-Heinemann. 

Siddiqi, A., Duncan, W.J., De Silva, R.K. and Zafar, S., 
2016. One-piece zirconia ceramic versus titanium 
implants in the jaw and femur of a sheep model: a pilot 
study. BioMed research international, 2016. 

Siqueira Scatolin, R., Luiz Alonso‐Filho, F., Galo, R., Rios, 

D., Cristina Borsatto, M. and Aparecida Milori Corona, 
S., 2015. CO 2 laser emission modes to control enamel 
erosion. Microscopy Research and Technique, 78(8), 
pp.654-659. 

Sivaraman, K., Chopra, A., Narayan, A.I. and 
Balakrishnan, D., (2018). Is zirconia a viable alternative 
to titanium for oral implant? A critical review. Journal of 
Prosthodontic Research, 62(2), pp.121-133. 

Smalley, P.J., 2011. Laser safety: Risks, hazards, and 
control measures. Laser therapy, 20(2), pp.95-106. 

Stanciuc, A. M., Flamant, Q., Biotteau-Deheuvels, K., 
Stoddart, M. J., Anglada, M., Porporati, A. A., ... & 
Peroglio, M. (2018). Human primary osteoblast 
behaviour on microrough zirconia-toughened alumina 
and on selectively etched microrough zirconia-
toughened alumina. Journal of the European Ceramic 
Society, 38(3), 927-937.  

Stefanic, M., & Kosmač, T. (2014). Surface Modifications of 
Load-Bearing Ceramics for Improved Osseointegration. 
In Advanced Ceramics for Dentistry (pp. 301-325). 
Butterworth-Heinemann. 

Stübinger, S., Homann, F., Etter, C., Miskiewicz, M., 
Wieland, M. and Sader, R., 2008. Effect of Er: YAG, 
CO2 and diode laser irradiation on surface properties of 
zirconia endosseous dental implants. Lasers in Surgery 
and Medicine: The Official Journal of the American 
Society for Laser Medicine and Surgery, 40(3), pp.223-
228. 

Sugioka, K., Xu, J., Wu, D., Hanada, Y., Wang, Z., Cheng, 
Y. and Midorikawa, K., 2014. Femtosecond laser 3D 
micromachining: a powerful tool for the fabrication of 
microfluidic, optofluidic, and electrofluidic devices based 
on glass. Lab on a Chip, 14(18), pp.3447-3458. 

Suzuki, J.B., 2015. Salvaging Implants With an Nd: YAG 
Laser: A Novel Approach to a Growing 
Problem. Compendium of Continuing Education in 
Dentistry (Jamesburg, NJ: 1995), 36(10), pp.756-761. 

Tomisa, A.P., Launey, M.E., Lee, J.S., Mankani, M.H., 
Wegst, U.G. and Saiz, E., 2011. Nanotechnology 
approaches to improve dental implants. The 
International journal of oral & maxillofacial implants, 26, 
pp.25-44. 

Tuna, T., Wein, M., Altmann, B., Steinberg, T., Fischer, J. 
and Att, W., 2015. Effect of ultraviolet 
photofunctionalisation on the cell attractiveness of 
zirconia implant materials. Eur Cell Mater, 29, pp.82-94. 

Velasco-Ortega, E., Ortiz-García, I., Jiménez-Guerra, A., 
Monsalve-Guil, L., Muñoz-Guzón, F., Perez, R.A. and 
Gil, F.J., 2019. Comparison between sandblasted acid-
etched and oxidized titanium dental implants: In vivo 
study. International Journal of Molecular 
Sciences, 20(13), p.3267. 

Wang, R., Hashimoto, K., Fujishima, A., Chikuni, M., 
Kojima, E., Kitamura, A., ... & Watanabe, T. (1997). 
Light-induced amphiphilic surfaces. Nature, 388(6641), 
431-432. 

Wei, N., Bin, S., Jing, Z., Wei, S. and Yingqiong, Z., 2014. 
Influence of implant surface topography on bone-
regenerative potential and mechanical retention in the 
human maxilla and mandible. American journal of 
dentistry, 27(3), pp.171-176. 

Xuereb, M., Camilleri, J. and Attard, N.J., 2015. Systematic 
review of current dental implant coating materials and 
novel coating techniques. International Journal of 
Prosthodontics, 28(1). 

Yamada, M., Ueno, T., Minamikawa, H., Ikeda, T., 
Nakagawa, K. and Ogawa, T., 2013. Early‐stage 

osseointegration capability of a submicrofeatured 
titanium surface created by microroughening and anodic 
oxidation. Clinical Oral Implants Research, 24(9), 
pp.991-1001. 

Yasuno, K., Kakura, K., Taniguchi, Y., Yamaguchi, Y., & 
Kido, H. (2014). Zirconia implants with laser surface 
treatment: Peri-implant bone response and 
enhancement of osseointegration. Journal of Hard 
Tissue Biology, 23(1), 93-100.  

Zhang, J., Xie, Y., Zuo, J., Li, J., Wei, Q., Yu, Z. and Tang, 
Z., 2017. Cell responses to titanium treated by a 
sandblast-free method for implant 
applications. Materials Science and Engineering: C, 78, 
pp.1187-1194.               26. 38 

 

 


	1.Introduction

