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ABSTRACT

Objective: In vitro evaluation of implant materials' effects on cell 
adhesion and viability can provide useful information for predict-
ing implant biocompatibility. Therefore by using a simple and in-
expensive method, it was aimed to investigate whether different 
implant surface-features  might have distinct effects on the viabili-
ty and adherence of the cells. 

Material and Methods: Different dental implant surfaces (anod-
ized (AN), blasted wrinkled (BW), grit/acid etched (GA), and hy-
droxylapatite sprayed (HB)) were tested for their possible effects 
on adhesion and viability of the adherent human osteoblast cells 
by using an agar-based in vitro technique. Viability of the cells was 
assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay and trypan blue staining.

Results: The rate of cell adhesion did not seem to be significantly 
affected by the differences in surface features of dental implants 
(AN:78.21±0.52; BW:78.22±0.48; GA:78.44±0.85; HB:77.26±0.96). 
The surface features of the dental implants had an impact on the 
viability of the attached cells on the implants. Viability of the at-
tached cells was significantly higher on AN, BW, GA surfaces when 
compared to the HB surface (AN: 72.28±6.04, BW: 67.02±3.47, GA: 
85.82±5.05, and HB: 27.98±10.47). 

Conclusions: In vitro findings suggests that AN, BW, GA surfaces 
may provide a better platform than HB surfaces to maintain the 
viability of bound cells.

Keywords: Biocompatible surfaces, irregular surfaces, cell adhe-
sion potential, cell culture, dental implants

ÖZ

Amaç: İmplant materyallerinin hücre canlılığı ve hücre adezyo-
nu üzerindeki in vitro etkilerinin değerlendirilmesi, implantların 
biyo-uyumluluklarının tahmin edilmesi yönünde değerli bilgiler 
sağlayabilir. Bu nedenle, basit ve maliyetli olmayan bir yöntem kul-
lanılarak, farklı yüzey özelliklerine sahip implantların hücre canlılığı 
ve adezyonunu etkileyip etkilemeyeceğinin araştırılması amaçlan-
mıştır. 

Gereç ve Yöntemler: Farklı diş implant yüzeylerinin (anotlanmış 
(AN), patlatılmış buruşuk (BW), kum/asitle aşındırılmış (GA), püs-
kürtülmüş hidroksi apatit yüzey (HB)) yapışma ve canlılık üzerin-
deki etkileri, adherent insan osteoblast hücre soyunda agar bazlı 
bir in vitro teknik kullanılarak karşılaştırılmıştır. Hücre canlılıklarının 
belirlenmesinde, 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolium 
bromid (MTT) ve tripan mavisi boyama teknikleri uygulanmıştır. 

Bulgular: Hücre adezyonunun,  dental implantların yüzey özellik-
lerindeki farklılıklardan önemli ölçüde etkilenmediği görülmüştür 
(AN: 78,21±0,52; BW: 78,22±0,48; GA: 78,44±0,85; HB: 77,26±0,96). 
Ancak, diş implantlarının yüzey özelliklerinin, implantlara tutunan 
hücrelerin canlılığı üzerinde etkisi olduğu tespit edilmiştir. Tutu-
nan hücrelerin canlılığının, HB yüzeyine kıyasla AN, BW, GA yü-
zeylerinde anlamlı olarak daha yüksek olduğu bulunmuştur (AN: 
72,28±6,04, BW: 67,02±3,47, GA: 85,82±5,05 ve HB: 27,98±10,47).

Sonuçlar: Çalışma kapsamında yapılan in vitro deneylerden elde 
edilen bulgular; AN, BW, GA yüzeylerinin adherent hücrelerin canlı-
lığını korumaları için HB yüzeylerinden daha iyi bir platform sağla-
yabileceğini göstermektedir.

Anahtar Kelimeler: Biyouyumlu yüzeyler, düzensiz yüzeyler, hücre 
adezyon potansiyeli, hücre kültürü, dental implantlar
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INTRODUCTION

Implants are useful instruments used in a variety of clinical 
settings, including orthopedics and dentistry. Technology and 
research on implantation materials have greatly expanded in 
recent years. For example, titanium dental implants are rou-
tinely used for the treatment of tooth loss. The success of the 
operation in part depends on the reaction of the tissue to the 
implant. The reaction of the tissue to the implants can be di-
vided into two stages: formation of fibrous soft tissue capsules 
around the implant and osseointegration (1). The fibrous tissue 
capsule helps biomechanical fixation, therefore the absence 
of this structure can lead to dental implant failure. The surface 
property of the biomaterial can determine the success of the 
osseointegration process. Various modifications can be made 
on dental implant surfaces to improve osseointegration. 

Cell adhesion is critical for the implant’s effective incorporation 
into bone tissue. For this reason, the use of a biocompatible 
surface that would not have a negative effect on proliferation, 
adhesion, and phenotype expression of osteoblasts is recom-
mended (2).

The roughness and physical changes made on the biomaterial 
surface are known to affect the response of tissues and cells to im-
plantation (3). The two most commonly used methods to rough-
en the surfaces of dental implants include etching and coating 
techniques. Sand-blasting and pickling methods are common 
practices for etching (3). The most commonly used techniques 
in the coating method are bioactive calcium phosphate ceram-
ic coatings and titanium plasma spray coatings (4). Titanium 
plasma-spraying (TPS) and hydroxyapatite (HA) coatings are fre-
quently used as coating materials. Microporous or nanoporous 
surfaces can also be produced with anodization of titanium at the 
high electric current or another way to roughen titanium dental 
implants is to use heavy acids (e.g., HF, H2SO4, HNO3, H3PO4) (1).

There are several different experimental methods to evaluate 
adhesion competence. For example, the “washing” technique 
makes identifying adherent cells with a short lifespan simple, 
allowing cells detached from the implant’s surface to be count-
ed (5). Also, cell separation technology, micropipette suction 
technology, the measurement method of force spectroscopy, 
force probe for biofilms, optical tweezers, rotating disk method 

are available techniques that can be used (6). These methods, 
however, are not readily available in every laboratory, and they 
may not be successful in determining the rate of cell prolifera-
tion and adhesion on irregular surfaces like implant grooves.

Evaluation of the in vitro effects of implant materials offers many 
advantages on the prediction of the success and biocompatibil-
ity of the implants. In this respect, it is important to investigate 
the effects of materials on cell viability as well as the adherence 
of the cells. Inexpensive, simple, rapid, and accurate techniques 
can provide convenience for researchers in terms of the pre-eval-
uation of the materials. In this study, the effects of different im-
plant surfaces were tested on the adhesion and proliferation 
rate of human osteoblasts. A modified version of the wash-of 
process, which was recently defined, was used for this purpose 
(7). Using this inexpensive and simple in vitro technique, the im-
pact of dental implants with the anodized surface (AN), blasted 
wrinkled surface (BW), grit-blasted/acid-etched surface (GA), or 
hydroxyl apatite-blasted surface (HB) features were compared. 

MATERIALS AND METHODS

Cell culture 
The human osteoblast (HOB) cell line (406-05F, Sigma-Aldrich) 
was cultivated in high glucose Dulbecco’s Modified Eagle’s me-
dium (5546 DMEM-Sigma-Aldrich) and 10% fetal bovine serum 
(heat-inactivated., S1810-500, Biowest), 1% 2mM l-glutamine 
(Biological Industries, BI03-020-1B), and P/S (50 U/mL strepto-
mycin and 50 g/mL penicillin; 03-031-1B, Biological Industries) 
was added to the mix (complete medium). 1.5x106 cells were 
seeded into 10cm plates. For 72 hours, at 37°C, the plates were 
incubated with 5% CO2 before being split. 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and trypan 
blue assays were performed using trypsinized cells seeded in 
96-well flat-bottom culture plates.

Preparation of implants and the internal control 
Agar-coated, chromium-plated metal screws with similar 
dimensions (4x15 mm) were used as an internal control. 
Agar-coated screws served as a platform to eliminate the 
non-specific binding artifacts that may arise due to inadequate 
rinsing or as a result of clumps that got stuck between the 
grooves. All the dental implants were compared against this 
internal control. Information about the implants with different 
surface features used in the study is given in Table 1. Dental 

Table 1. Dental implants with different surface features.

Surface feature Abbreviation Brand model Dimensions Lot number

Anodized surface implants AN
Nobel BiocareTM NobelParallel 
Conical Connection RP

4.3x15.0 mm 12103733

Hydroxyl apatite-blasted surface implants HB ArrowTM -C4014S 4.0x14.0mm W5H27BY

Blasted wrinkled surface implants 
(Sandblasted)

BW
DentegrisTM

45014-SL SL-Tapered
4.5x14.5 mm 17042708 

Grit-blasted/acid-etched surface dental 
implants (Ca and P low impregnation)

GA Ossean-Intra LockTM 4.0x15.0 mm BM110
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implants were provided as gamma-ray sterilized ready-to-use 
implants. Sterilization of the internal control metal screws was 
done with an autoclave. In this study, 12 implants were used. 
Each time new implants and screws were used for experiments. 
Representative images of dental implants are shown in Figure 
1a. As explained previously (7, 8), the internal control screws 
were coated with 0.2% agar (Multicell- 800-010-LG) to simulate 
conditions where cells cannot attach. As shown in Figure 1b, 
coating the metal screws with agar was performed by placing 
sterile screws (6-well) into the wells. 0.2% agar solution was 
prepared in phosphate-buffered saline (PBS) and 3 mL of agar 
solution was poured into the well and stored for 3 hours at 
room temperature. The wells were washed with 2 mL of 1×PBS, 
as described previously. (7).

Agar petri dishes preparation and seeding cells
The implants and screws at the bottom of the 10 cm petri dishes 
were stabilized with a drop of molten candle, as shown in Fig-
ure 1c. The implants and the internal control screw (with agar 
coating) were placed side by side in a single 10 mm petri dish. 
The implants and the internal control screw were then partially 
immersed in liquid agar (1.5%), which was then allowed to so-
lidify. Since cells can’t bind to agar’s surface, semi-submerged 
implants and agar-coated screws were the only places for cells 
to attach (7). Thus, non-specific binding artifacts may arise due 
to inadequate rinsing or as a result of clumps getting stuck be-
tween the grooves. Following that, onto the agar plate, 6 mL of 
complete medium containing 4x106 cells/mL were poured, as 
shown in Figure 1c, unless the medium was fully covered the 
implants and the internal control screw. Since the cells were 
suspended in the medium before being inserted into the plate, 
it was expected that all exposed agar surfaces, implants, and 

screws would receive approximately equal numbers of cells. 
Although the implants and the agar-coated internal control 
screw were both located in the same plate, a side-by-side com-
parison was possible (7).

Evaluation of the attachment performance of cells
Following the addition of cell suspensions, the petri dishes 
were kept in the incubator for 24 hours (37°C, 5% CO2) to enable 
the cells to bind along. Non-adherent cells were then washed 
away by rinsing the petri dish three times with washing buffer 
(PBS, pH 7.4) and discarding the washing buffer, leaving only 
the securely attached cells (7). After washing, 6 mL of medium 
was added and petri dishes were placed in the incubator and 
incubated for 48 hours (7).

The number of detached cells’ determination (DC values)
The petri dishes were washed twice with 1×PBS buffer at the 
end of the 48-hour incubation period. During this period, wash 
buffer was collected in centrifuge tubes (and not discarded), 
and the detached cells (DC) were pelleted by centrifugation. 
Using trypan blue staining, the number of DC was determined. 
(7).

The number of adherent cells’ determination (AC values) 
Next, using a sterile scalpel (SPL-90020, blade width 13 mm, 
length 230 mm,1/sleeve) the agar around the implants and the 
internal control screw were cut. Then, the agar blocks still con-
taining the buried implants or the internal control screw were 
transferred into the wells of a 6-well plate containing 1200 µL 
of trypsin-EDTA and incubate in an incubator at 37°C for 5 min-
utes. Variations in the size of the cut agar block are unlikely to 
impact the calculation since the cells cannot bind to the agar 

Figure 1. Representative images from different stages of the technique. a. Images of different surfaced dental implants, 
b. Internal control (chrome-plated screws), c. A drop of a molten candle was used to secure implants and screws, d. Detaching 
cells with trypsinization from implants and the internal control in 6-well plates.
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surface. Then, as shown in Figure 1d, 2400µL of medium was 
added into the wells to inactivate the trypsin. Centrifugation 
was used to collect the cells. Then the cell pellet was resus-
pended in 200µL of medium. Trypan blue staining of 15µL of 
this cell suspension was used to assess the number of adherent 
cells (AC). MTT assay was performed with the remaining 185µL 
of cell suspension (7). 

The ratio of adherent cells’ determination (RCA)
The ratio of adherent cells (RCA) was determined using the for-
mula: RCA%= AC/ (AC+DC) *100 (7).

Data analysis and relative RCA values calculation
As a reference value, the RCA value obtained from the internal 
control screw coated with agar (RCAreference) was used. The delta 
RCA value was then calculated by subtracting the reference 
RCA value from the RCA values obtained from various dental 
implants using the formula below: ΔRCAX%= (RCAX%- 
RCAreference%) (7).

Trypan blue staining
To obtain the cell viability, 1:1 mixture of trypan blue (0.4%) 
prepared in PBS and 15µL of cell suspension was used. The 
number of the stained (dead) cells and unstained cells were de-
termined within 5-10 minutes with a hemocytometer (9). 

MTT assay
MTT test, in vitro cytotoxicity assays (cell viability assays), was 
carried out according to Scudiero’s (10) instructions. The 96-
well plate was modified from the 24-well plate format. In sum-
mary, trypsinized cell pellets were suspended in 200µL com-
plete medium and seeded into 96-well plates. For 18 hours 
(37°C, 5% CO2), the cells were incubated. The wells were then 
gently rinsed with 1xPBS. Every well obtained 200µL of MTT 
(3580GR001, CAS: 298-93-1., Biofroxx., Lot: 5A13FBF0,) reagent 
(0.5mg/mL) prepared in DMEM. MTT solution was discarded af-
ter 4 hours of incubation at dark (37°C, 5% CO2), and formazan 
crystals were solubilized with DMSO (200µL/well). A spectro-
photometer was used to record the absorbance at 540nm.

Determining the viability of the adherent cells (vAC)
Absorbance obtained from the MTT assay was used for com-
parison of the relative changes in the viability of the adher-

ent cells. The mean absorbance value for the internal control 
(agar-coated screws) was accepted as 100% and used as the 
reference value (vACreference%). The relative changes were 
calculated with the following formula: ΔvACx%= (vACx%- 
vACreference%) (7).

Statistical analysis
GraphPad Prism version 5.0 (San Diego, CA, USA) statistical 
analysis software was used. Tukey’s test was used to make 
multiple comparisons. It was considered that p<0.05 was sta-
tistically significant. Analysis of variance was used to examine 
the groups’ viability and adherence indexes. The results were 
expressed as averages from at least three different experiments 
for statistical analysis.

RESULTS 

Baseline settings for evaluation of cell adherence
When compared to dental implants with different surface fea-
tures, the data obtained from the agar-coated internal con-
trol screws clearly showed that HOB cell attachment on the 
agar-coated internal control screws was limited (Table 2). As a ref-
erence value, the mean RCA value obtained from the agar-coat-
ed screws (RCAreference%: 39.46) was used. Table 2 shows the RCA 
values obtained from three separate experiments.

Relative changes in cell adhesion as a result of various sur-
face materials
Relative changes in cell adherence (ΔRCA% values) were calcu-
lated as explained under the material and methods section. As 
shown in Table 3, a comparison of the relative changes in cell 

Table 2. RCA% values obtained from three independent experiments.

RCA% VALUES FOR DENTAL IMPLANTS WITH DIFFERENT SURFACE FEATURES INTERNAL CONTROL

RCAAN % RCABW % RCAGA % RCAHB % RCAreference %

78.22 78.75 77.48 77.29 39.13

78.70 78.00 79.10 76.30 36.19

77.67 77.86 78.75 78.22 43.06

78.21avg. (n=3) 78.22 avg. (n=3) 78.44 avg. (n=3) 77.26 avg. (n=3) 39.46 avg. (n=3)

RCA%= AC/ (AC+DC) *100, RCA: Ratio of adherent cells' determination, AC: Adherent cells, DC: Detached cells, AN: Anodized surface, BW: Blasted wrinkled surface, 
GA: Grit-blasted/acid-etched surface, HB: Hydroxyl apatite-blasted surface.

Table 3: Relative changes in cell adherence (ΔRCA% values). 

Implants RCAX% RCAreference% ΔRCAX%

AN 78.21 39.46 38.76

BW 78.22 39.46 38.76

GA 78.44 39.46 38.98

HB 77.26 39.46 37.80
The mean reference value for RCA% was 39.46. AN: Aanodized surface, BW: Blasted 
wrinkled surface, GA: Grit-blasted/acid-etched surface, HB: Hydroxyl apatite-
blasted surface
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adherence did not reveal a statistically significant difference 
between the tested surface materials.

Implant surface features affect the viability of the adherent 
cells in vitro
According to the material and methods section, relative chang-
es in the viability of the attached cells (ΔvAC%) were calculat-
ed. As shown in Table 4, the mean viability of the attached cells 
(vAC%) was significantly improved when dental implants were 
used instead of the agar-coated internal control.

Interestingly, as shown in Table 4 and Figure 2, among dental 
implants with different surface features, significant differenc-
es in the viability of the attached cells were detected. When 
compared with the HB surface, implants with AN surface im-
proved viability by 2.58 fold (ΔvACAN% / ΔvACHB%), BW surface 
improved viability by 2.39 fold (ΔvACBW% / ΔvACHB%) and GA 
surface improved viability by 3.06 fold (ΔvACGA% / ΔvACHB%). 
The lowest viability rate was detected in HB surfaced dental 
implants. Compared to all the other three implants, the vitality 
rate was found to be significantly decreased. Furthermore, the 
effect of BW and GA surfaced dental implants on the viability of 
the attached cells were significantly different (p<0.0001; n=3).

DISCUSSION

Surface topography and the physicochemical structure of the 
surface materials are important factors in determining the rela-
tion between the implanted biomaterial and the bone (11, 12). 
Surface features and the geometric design of the implant struc-
tures play an important role in the success of dental implants 
(3). Studies have shown that modification of surface properties 
(e.g., AN, BW, GA, HB surfaces), can improve osteointegration. 
The acid etching technique, for example, has been shown to 
increase the surface area of implants (13). Osteoblasts contact 
neighboring cells and their environment through their cyto-
plasmic extensions. Osteointegration involves biomechanical 
processes where a firm connection between the bone and 
the implant is formed (14). Osteoprogenitor cells migrate to 
the implant site and differentiate into osteoblasts and provide 
bone formation (15, 16). Providing suitable surfaces for attach-
ment of the cells and sustaining the viability of the attached 
cells is crucial for a successful implant operation. Therefore, the 
question has arisen whether the different surface features of 
the implants will affect the cell efficiency and/or attachment 
viability of the attached cells. To address this question, the ef-
fects of different dental implant surfaces (AN, BW, GA, HB) on 
the adhesion and viability of the attached cells were compared. 
The effects of the surface properties of dental implants on cell 
behavior had previously been studied by other groups using 
model systems (such as titanium discs) to simulate the sur-
face of the implants (17–19). The titanium surface treatment, 
according to Arcelli et al. (20), had a direct genetic effect on 
osteoblasts, inducing multiple bone-related genes. On the oth-
er hand, Kieswetter et al. (21) found that cell proliferation was 
inversely related to surface roughness. Similarly, Lauer et al. 
(22) did not report any differences in osteoblast adhesion and 
growth on different textured titanium surfaces. In this study, 
the osteoblast cells were used to determine the in vitro effects 
of these implants. A modified version of the washing tech-
nique, recently defined by Gundogan (7), was used to see how 
different surface features affected cell attachment and viability. 
In this context, the impact of dental implants with the AN, BW, 
GA, or HB surfaces features were investigated. When compared 
to the internal control group, cell attachment rate was signifi-
cantly improved on the modified surfaces. However, there was 
no statistically significant difference in the rates of cell attach-
ment when AN, BW, GA, or HB surfaces were compared (Table 
3). Interestingly, it has been shown that surface features of the 
dental implants can affect the viability of the attached cells on 
the implants. Cell viability was significantly enhanced on the 
AN, BW, GA surfaces when compared to the HB surface (Table 
4 and Figure 2). 

Other researchers have examined the physiological condi-
tions of cells using different methods for a detailed and com-
prehensive investigation. Conserva et al. (23) evaluated os-
teoblast adhesion and proliferation with qualitative scanning 
electron microscopy (SEM) analysis. According to Conserva et 
al. study (23), the SaOS-2 cells spread more rapidly on sand-
blasted surfaces. They have shown that cells had proliferated 

Table 4. Mean changes in the viability of the attached cells.

vAC% vACreference% ΔvAC%

 AN 172.3 - 100 = 72.3

 BW 167 - 100 = 67

 GA 185.8 - 100 = 85.8

 HB 128 - 100 = 28

Figure 2. Implant surface features affect the viability of 
the attached cells.
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and exhibited a flat morphology after 24 hours of growth. 
They revealed that the most significant cell flattening was 
on the grit-blasted/acid-etched surface. Also, they indicated 
that the grit-blasted/acid-etched surface showed a greater 
number of SaOS-2 and MSC cells than the sandblasted sur-
face at both 3rd and 7th days of growth, with a significant 
(p<0.05) difference between the two surfaces (23). Contrary 
to the technique applied in this study, they did not stabilize 
the implants in the study of Conserva et al. (23) and achieved 
results with the base of cell lysis by not separating the cells 
from the implant surfaces. The implants were submerged in 
the cell suspension throughout the incubation wells at the 
same time. The implants were gently removed from plates 
after the incubation time and washed. The findings of Con-
serva et al., (23), are consistent with the study’s adherence 
and viability results. The GA sample was also superior in this 
study compared to the BW sample. Both dual acid-etched 
and alumina-blasted surfaced (Intra-Lock) and P and Ca low 
impregnation (Ossean-Intra-Lock) surfaced implants provide 
a suitable substrate for SaOS-2 human osteoblast adhesion 
and development, according to Bucci-Sabattini et al. (24). Per 
the Bucci-Sabattini et al. (24), the MTT test for the quantitative 
proliferation of SaOS-2 revealed a similar proliferation rate on 
both surfaces with no significant difference. Quantification of 
alkaline phosphatase (ALP) specific activity in the SaOS-2 cell 
line, on the other hand, was substantially higher for the Os-
sean surface at all times (24). Although it is not the same cell 
line, Bucci-Sabattini et al.’s study (24) also support the find-
ings of this research.

Data from previous studies (in vitro or in vivo) also suggest 
that GA surfaces may exhibit superior features. For exam-
ple, Sammons et al. (25) showed that, compared with plas-
ma-sprayed, acid-etched, grit-blasted, anodized, and ma-
chined surfaces the combined surface of grit blasting and 
acid etching induce a substantial increase in cell spreading 
rates. An in vivo test on dogs found that, compared with ti-
tanium plasma-sprayed surfaces, implants with grit-blast-
ed and acid-etched surfaces can be immediately placed 
into the damaged periodontal area, and their performance 
is slightly better (26). An experimental study again in dogs 
evaluated the grit-blasted/acid-etched bio-ceramic and dual 
acid-etched implant surfaces histomorphometrically (27). 
When comparing the grit-blasted/acid-etched bio-ceramic 
implant surface to the dual acid-etched implant surface, the 
grit-blasted/acid-etched bio-ceramic implant surface had in-
creasing rates of the bone organization along the perimeter, 
according to Marin et al. (27).

 Bone cell interactions with smooth titanium, titanium plas-
ma-sprayed, titanium dioxide-blasted, and hydroxyapatite 
plasma-sprayed implants were compared by Lumbikanonda 
& Sammons (28). The suspended neonatal rat osteoblasts last-
ed for 20 minutes, and the attached cells were classified with 
SEM according to the stage of attachment (28). Lumbikanon-
da & Sammons (28) revealed that the cells spread the fastest 
on titanium plasma-sprayed implants. It was shown that the 

completely dispersed cells on the smooth titanium implant 
adhered tightly to the surface, while on the titanium dioxide 
sandblasted surface, they did not adapt to surface irregulari-
ties. In contrast to the hydroxyapatite-coated implants, cells 
adhere closely only to smooth areas (28). In line with the results 
of this study, the cell viability was significantly higher on the 
other surfaces compared to the HB surface. 

In agreement with the previously published data, the in vitro 
findings of this study implies that AN, BW, GA surfaces may 
present a more suitable platform to maintain the viability of 
bound cells when compared with the HB surfaces. The study 
findings also show that these in vitro evaluations can be per-
formed using an inexpensive and simple agar-based method. 

Although reproducible and solid data have been provided to 
support the findings, insight into the underlying molecular 
mechanisms and pathways has not be provided due to the 
lack of molecular techniques. Future studies may be designed 
to investigate the genes or proteins which may be involved 
in this differential response of HOB cells to different surface 
materials. 

CONCLUSION

The differential features of commercially available dental im-
plants may affect the viability of the attached cells rather than 
the rate of cell attachment. The results related to cell viability or 
adherence can be obtained accurately with an inexpensive and 
simple agar-based method. It has been showed that AN, BW, 
GA surfaces can provide a better platform than HB surfaces to 
maintain the viability of the attached cells. 
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