
ABSTRACT
Implant surfaces are continuously being improved to achieve faster osseointegration and a stronger bone to implant 
interface. The adhesion and differentiation of osteoblastic cells are influenced by the surface properties of the dental 
implant. Surface properties include chemical composition, surface energy, roughness, and topography. In dental 
implants, surface roughness is often modified to modulate bone apposition. Surface roughness can be described as 
macro-, micro-, and nanometer-sized texture. Macro- and micrometer roughness facilitates mechanical anchorage 
to bone.The aim of this study is to estimate the awareness of various surface modifications of implants among 
dental students. A questionnaire with a  set of 15 questions were prepared and an online survey was conducted 
among dental students using the survey planet. The sample size is 100. The results were analysed using SPSS 
software. From the study, 99% of the students were aware of a dental implant and 68% of the students have placed 
an implant. 75% of the students think that sandblasted and acid etched implants have more success rate among the 
microtopography implants. According to the results, students were aware about the various surface modifications 
of implants and also most of the students have an experience of placing an implant.
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INTRODUCTION

Dental implant surface advancement techniques have 
been developing rapidly to facilitate osseointegration 
and bone formation on the implant surface and to 
enhance the predictability of accelerated implant therapy. 
Surface modifications have been proven effective on 
capitalizing the features of titanium that make it the 
material of choice in dental implantology. Some of these 

features include wettability, surface area, and osteogenic 
potential(Amarnath et al., 2011).

An implant is a medical device which is made from 
one or more biomaterials, that is intentionally placed 
in the body either totally or partially buried beneath 
an epithelial surface (Jayaswal, Dange and Khalikar, 
2010) Osseointegration is the foundation of implant 
sciences and indefinite articles have been published 
on the various aspects of manufacturing the implants 
and on the clinical and laboratory phases of implants. 
The implant machining, surface, designing, surgical 
techniques and the peri-implant considerations have all 
progressed from infancy to the state of art and science 
and continue to evolve with each passing year. The 
surface characteristics at the micro or nanometre level, 
hydrophilicity, biochemical bonding and other features 
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are few of the determiners which are responsible 
for the implant’s success (Wennerberg et al., 1992). 
Osseointegration per se is not linked to certain defined 
surface characteristics, since a great number of different 
surfaces achieve osseointegration. However, the stronger 
or weaker bone responses may be related to the surface 
phenomenon. (Wennerberg and Albrektsson, 2010)

Osseointegration per se is not linked to certain defined 
surface characteristics, since a great number of different 
surfaces achieve osseointegration. However, the 
stronger or weaker bone responses may be related to 
the surface phenomenon. The bone implant interface 
can be controlled by the selection and modification 
of the biomaterial from which is made. These include 
morphological, physicochemical and biochemical 
methods (Amarnath et al., 2011). 

The adhesion and differentiation of osteoblastic 
cells are influenced by the surface properties 
of the dental implant(EBSCOhost | 38012904 | 
Generalizations Regarding the Process and Phenomenon 
of Osseointegration. Part II. In Vitro Studies, no date) 
(‘Osteoblast adhesion on biomaterials’, 2000). Surface 
properties include chemical composition, surface energy, 
roughness, and topography. In dental implants, surface 
roughness is often modified to modulate bone apposition. 
Surface roughness can be described as macro-, micro-, 
and nanometer-sized texture(Jokstad, 2009). Macro- and 
micrometer roughness facilitates mechanical anchorage 
to bone. Nanometer roughness affects the adsorption of 
proteins and the adhesion of osteoblastic cells. It can 
modulate the rate of osseointegration(Turkyilmaz, 2011). 
A variety of surface treatments can be used to produce 
the desired surface topography(Brunette and Chehroudi, 
1999). Commercially available implants vary in titanium 
composition and surface modifications  having an 
understanding of these differences can help clinicians 
make an informed choice in implant selection for their 
patients(Nijhawan, Bali and Gupta, 2010).

Different surface modification techniques have been 
mainly used to improve the surface roughness and 
hydrophilicity. Some modified surface compositions 
could also contain bioactive substances. Implant 
morphology such as grooves, ridges, and tool marks 
can influence the interaction between the bone and 
the implant(Park et al., 2012). The implant morphology 
can also increase the overall surface area available 
for osseointegration. Rougher surfaces can stimulate 
attachment, differentiation, and proliferation of bone 
cells, thus increasing bone growth and mineralization. 
Rougher surfaces with an open structure have been shown 
to induce faster and more effective osseointegration. 
Unfortunately, this rougher surface substrate tends to 
accumulate bacteria (Olivares-Navarrete et al., 2012).

Previously our department has published extensive 
research on various aspects of prosthetic dentistry 
(‘Evaluation of Corrosive Behavior of Four Nickel–
chromium Alloys in Artificial Saliva by Cyclic 
Polarization Test:An in vitro Study’, 2017; Ganapathy, 

Kannan and Venugopalan, 2017; Jain, 2017a, 2017b; 
Ranganathan, Ganapathy and Jain, 2017; Ariga et al., 
2018; Gupta, Ariga and Deogade, 2018; Anbu et al., 
2019; Ashok and Ganapathy, 2019; Duraisamy et al., 
2019; Varghese, Ramesh and Veeraiyan, 2019), this vast 
research experience has inspired us to research about 
awareness on various surface modifications of implants 
among dental students.

MATERIAL AND METHODS

This is a questionnaire based study. A questionnaire 
with a set of 15 questions was prepared and circulated 
among the dental students.This was an online survey. 
The questionnaire was prepared using survey planet.100 
dental students have participated in this survey. The 
data was collected and tabulated. The data was imported 
to SPSS and the descriptive statistics with frequency 
analysis was done. The obtained data were represented 
graphically as bar charts.

Figure 1: Pie chart showing responses regarding the 
awareness on a dental implant in which 99% of them 
responded as “aware” and 1 %  responded as “not aware”. 
Blue indicates “aware” and green indicates “not aware”

Figure 2- Pie chart showing responses regarding the 
placement of a dental implant in which 68% of them 
responded as “placed an implant” and 32% of them 
responded that they have ‘not placed an implant”. Blue 
indicates “placed an implant” and green indicates “not 
placed an implant”
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RESULTS AND DISCUSSION

A total of 100 dental students participated in this survey. 
When asked if the students were aware  of a dental 
implant, 99% of the students were aware about a dental 
implant and only 1% of the sample were not aware of a 
dental implant (Figure 1). The students were also asked 
if they have ever placed an implant and 68% of the 
students have placed an implant and 32% of the students 
have no experience in  implant placement (Figure 2). 
When asked about the awareness on the various surface 
modifications of implants, 93% of them were aware and 
only 7% of them were not aware of the various surface 
modifications of the implant (Figure 3). A study given 
by Arati Sharma, et. al; 2019 (Sharma et al., 2019), found 
that a majority of the total students perceived themselves 
to be moderately well informed about dental implants 
(54.6%). Awareness about dental implants is increasing 
among dental patients, which demands a higher level 
of competence for dental students. Awareness about 
dental implants is increasing among the general public 
and more and more patients are seeking information 
about dental implants.It is therefore useful to gauge the 
level of information about dental implants among dental 
students. All undergraduate dental students require basic 
knowledge about dental implant therapy so that they can 
educate and guide patients to undergo implant therapy 
whenever appropriate (Kohli et al., 2015). 

The students were asked if they were aware of dental 
implant topography, in which 70% of the students 
were aware of implant topography and 30% of them 
were not aware (Figure 4). Implant surface topography 
refers to macroscopic and microscopic features of the 
implant surface. Surface topography of an implant can 
be designed by making porous and/or by coating the 
implant surface with other suitable materials to increase 
bone-implant contact since the anatomic surface of bone 
cannot be controlled. A number of surface treatments are 
available to create controlled roughness on the surface 
of the implants(Kohles et al., 2004).

The students were asked if they were aware of each and 
every type of implant modification, where 65% of them 
were aware and 35% of them were not aware of the grit-
blasted, acid-etched and neutralised implants (Figure 5). 
52% of them were aware of discrete crystalline deposition 
implants and 48% of them were not aware (Figure 6 
). 65% of the students were aware and 35% were not 
aware of laser ablation implants ( Figure 7). 53% of the 
students were aware and 47% of them were not aware of 
anodic oxidation implant (Figure 8). 64% of the students 
were aware of hydrophilic implants and 36% of them 
were not aware( Figure 9).Titanium oxide blasted and 
acid-etched implants (Figure 10) and sandblasted acid 
etched implants(Figure 11) show the highest prevalence 
of awareness among the students with 82%. A study 
given by Ramaglia L et.al; 2011 (Ramaglia et al., 2011), 
states that sandblasted and titanium oxide blasted with 
acid etching is the most common surface modification 
and it is therefore likely that specific surface properties 
of sandblasted-acid-etched titanium implants may 
modulate the biological behavior of osteoblasts during 
bone tissue healing. 

Figure 3: Pie chart showing responses regarding the 
awareness of the various surface modifications of a dental 
implant in which 93% of them responded as “aware” and 
7% of them responded that they are ‘not aware”. Blue 
indicates “aware” and green indicates “not aware"

Figure 4: Pie chart showing responses regarding the awareness of 
dental implant topography in which 70% of them responded as 
“aware” and 30% of them responded that they are ‘not aware”. 
Blue indicates “aware” and green indicates “not aware”

Figure 5: Pie chart showing responses regarding the 
awareness of grit-blasted,acid-etched and neutralised 
implants in which 65% of them responded as “aware” and 
35% of them responded that they are ‘not aware”. Blue 
indicates “aware” and green indicates “not aware”
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Figure 6: Pie chart showing responses regarding the 
awareness of discrete crystalline deposition implants in 
which 52% of them responded as “aware” and 48% of 
them responded that they are ‘not aware”. Blue indicates 
“aware” and green indicates “not aware”

Figure 7: Pie chart showing responses regarding the 
awareness of laser ablation implants in which 65% of 
them responded as “aware” and 35% of them responded 
that they are ‘not aware”. Blue indicates “aware” and green 
indicates “not aware”

Figure 8: Pie chart showing responses regarding the 
awareness of anodic oxidation implants in which 53% of 
them responded as “aware” and 47% of them responded 
that they are ‘not aware”. Blue indicates “aware” and green 
indicates “not aware”

Figure 9: Pie chart showing responses regarding the awareness 
of Hydrophilic implants in which 64% of them responded as 
“aware” and 36% of them responded that they are ‘not aware”. 
Blue indicates “aware” and green indicates “not aware”.

Figure 10: Pie chart showing responses regarding the 
awareness of Titanium oxide blasted and acid-etched 
implants in which 82% of them responded as “aware” and 
18% of them responded that they are ‘not aware”. Blue 
indicates “aware” and green indicates “not aware”

Figure 11: Pie chart showing responses regarding the 
awareness of Sandblasted and acid-etched implants in 
which 82% of them responded as “aware” and 18% of 
them responded that they are ‘not aware”. Blue indicates 
“aware” and green indicates “not aware”

Figure 12: Pie chart showing responses regarding the 
opinion of more success rate in microtopography implants 
in which 75% of them responded as “sandblasted and acid 
etched implants” and 25% of them responded that they 
are “grit blasted, acid etched and neutralised implants”. 
Blue indicates “sandblasted and acid etched implants” and 
green indicates “grit blasted, acid etched and neutralised 
implants”

When asked about the implant with the highest success 
rate in microtopography implants, 75% of the students 
think sandblasted and acid etched implants have more 
success rate and 25% of the students think that grit 
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blasted, acid etched and neutralized implants have more 
success rate (Figure 12). The students were also asked 
about the success rate of nanotopography implants, 
where 49% of them think Titanium oxide blasted and 
acid etched implants have more success rate among 
nanotopography implants followed by Laser ablation 
with 28%, Discrete crystalline deposition with 11%, 
Anodic oxidation implants with 9% and hydrophilic 
implants with 3% (Figure13).

Figure 13: Pie chart showing responses regarding the 
opinion on more success rate in nanotopography implants 
in which 49% of them responded as “Titanium oxide 
blasted and acid etched implants”, 28% responded as 
“ laser ablation implants”, 11% responded as “discrete 
crystalline deposition implants”, 9% with “anodic 
oxidation implants” and 3% with “hydrophilic implants”. 
Violet indicates Titanium oxide blasted and acid etched 
implants , green indicates laser ablation implants , blue 
discrete crystalline deposition implants indicates  , yellow 
indicates anodic oxidation implants  and red indicates 
hydrophilic implants

CONCLUSION

Within the limits of the study, the dental students were 
aware of the various surface modifications of an implant. 
More awareness should be created among the students 
and the patients are also well aware of new techniques in 
the field of dentistry. Similar studies on large populations 
should be done in order to get the relevant results. This 
study will act as a guide to understand the awareness of 
various surface modifications of  dental implants among 
dental students.
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