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Cytotoxicity of Dental Implants:  
The Effects of Ultrastructural Elements
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Purpose: In this in vitro study, the purpose was to assess the cytotoxicity profiles of seven commercial 

dental implant materials by using cell culture methods on an osteoblastic cell line. Materials and Methods: 

The microstructure of seven commercial dental implants (each given a letter code) was investigated via 

scanning electron microscopy and energy-dispersive x-ray analysis. Medium extracts were collected on the 

first and fifth days for each group and tested using MC3T3-E1 cell line. Cytotoxicity was evaluated with 

Xcelligance System and XTT reagent, and apoptosis was determined by Annexin-V staining. One-way analysis 

of variance (ANOVA) and Tukey’s multiple range tests were used for statistical analyses. In all tests, P was set 

as .05. Results: ANOVA results disclosed that Ti (P = .001), Na (P = .001), Ca (P = .019), Al (P = .024), and 

P (P = .020) amounts were significantly different between test materials. Cytotoxicity and apoptosis analyses 

revealed that implant materials (C) and (E) were the materials with the lowest cell vitality and the highest 

apoptosis rates among the test materials. Phosphorus was the only element that presented the highest 

amount in C and E (14.23% and 12.29%, respectively) compared with the other implant materials tested. (F) 

and (G) had favorable results for all experiments. Conclusion: The results suggest that pure dental implant 

materials with a lower number of additional elements may possess fewer cytotoxic effects than the other 

implant materials tested in this study. Int J Oral Maxillofac Implants 2017;32:1281–1287. doi: 10.11607/
jomi.5962
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Successful implant restoration primarily requires ad-
equate and appropriate osseointegration, which 

is defined as the direct apposition of bone tissue to 
the implanted material. Osseointegration starts with 
the blood clot formation at the wound site, which is 
accompanied by protein adsorption and adherence 
of polymorph nuclear leukocyte. Following the fibro-
blast proliferation into the blood clot, extracellular 
matrix production is initiated, and within a week, os-
teoblast-like cells start to form the new bone, which 
eventually covers the implant surface.1 Unfortunately, 
various host-dependent and implant-related factors 

may influence this bonding process and interfere with 
the osseointegration process.2,3 Excessive surgical 
trauma, infection, or metabolic upset may influence 
the quantity and quality of the new bone formation 
on the biomaterial-tissue interface zone, and thus, al-
ter the healing and long-term load-bearing function of 
the implant.2,4–6 Additionally, the biomaterial surface 
chemistry (purity and surface tension for wetting), tex-
ture, and topography (roughness) of the material are 
directly related to the bone formation.7 Even though 
the intact bone-titanium interface is established down 
to the nanoscale, both the initial cellular and molecular 
activities and environmental/inherent co-factors that 
determine the tissue response at the bone-implant in-
terface are not yet fully understood.

Accurate assessment of both the physical prop-
erties and biocompatibility of any dental material is 
imperative prior to its introduction to dental clinical 
practice.8 Within this context, implant materials entail 
thorough evaluation with respect to their interaction 
with the vital tissues, because they may release sub-
stances that could negatively influence the implant-
host interaction, resulting in allergic reactions and 
inflammation, leading to nonintegration. The pres-
ence of implant particles within the periprosthetic 
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environment that initiate adverse biologic reactions 
and lead to progressive bone loss and deterioration of 
osseointegration have already been documented.9–11 
In dental implants, due to their mechanical strength 
and chemical stability, titanium (Ti) is one of the most 
widely used biomaterials.5,12 Titanium materials, either 
commercially pure titanium, ASTM Grades 1 through 
4, or Ti‑based alloys, are considered to be the most 
biologically compatible materials.2 However, the  
titanium-alloy implants (Ti4AI-4V), which are generally 
preferred for their higher fatigue strength compared 
with pure titanium implants, generated higher levels 
of particles than stainless steel (316L) or chromium co-
balt (Co-Cr) materials.13,14

The suppression of normal osteoblastic process by 
the particles or reactive inflammatory mediators has 
been reported in the literature.11,15–17 Phagocytosis of 
the released particles by the macrophages is accom-
panied with the stimulation of the multipotential mes-
enchymal stem cells that are located within the bone 
marrow cavity.11 This cascade develops further with 
reduction of the osteoblast progenitor population, 
decrease of the proliferation rates, and osteogenic ac-
tivities of mesenchymal stem cells, leading to eventual 
failure of osseointegration.9,11

The aim of this in vitro study was to determine the 
cytotoxicity profiles of seven commercially available 
dental implant materials by using cell culture methods 
with osteoblastic cell line as a model of osteoblasts.

MATERIALS AND METHODS

The microstructure of seven commercial dental im-
plants (Table 1) was investigated by using scanning 
electron microscopy and energy-dispersive x-ray 
analysis. A scanning electron microscope (Leo Evo-40 
VPX; Leo Electron Microscopy) was operated at 20‑kV 
acceleration voltage, and energy-dispersive x-ray 
spectroscopy (EDX; Bruker 125 eV) was used for atomic 
concentration examination and phase distribution.

Medium Extracts of Implant Materials
Seven different implant materials were tested in this 
study. Three sterile samples were used for each group, 
and prior to the tests, they were further sterilized by us-
ing ultraviolet light. A 0.1 g/mL volume of extraction was 
determined according to the ISO 10993-12 standards for 
irregularly shaped devices. Materials were immersed in 
minimum essential medium (MEM)-α containing 10% 
fetal bovine serum (FBS), 1% penicillin‑streptomycin, 
and L-glutamine. They were incubated in the highly 
humidified atmosphere containing 5% CO2 at 37°C. Me-
dium extracts were collected and filtered on the first and 
fifth days and stored at –80°C.

Cell Culture
MC3T3-E1 cell line was obtained from the German Col-
lection of Microorganisms and Cell Culture (DSMZ). Cells 
were grown in a highly humidified atmosphere contain-
ing 5% CO2 at 37°C. Culture medium MEM-α was supple-
mented with 10% FBS, 1% penicillin-streptomycin, and 
L-glutamine. The medium was changed every 3 days, 
and cells were passaged after trypsinization.

Cytotoxicity Assay
Cytotoxicity was evaluated using two different meth-
ods: Xcelligance System and XTT Cell Proliferation Kit 
(Roche Applied Science). 

The Xcelligance System (Roche Applied Science) 
was used to monitor cell proliferation in real time 
without the incorporation of labels. This system mea-
sures electrical impedance across microelectrodes 
integrated on the bottom of tissue culture e-plates.18 
To determine the optimal cell density, MC3T3-E1 cells 
were seeded as 7,500; 15,000; 30,000; 60,000; 120,000; 
240,000; and 480,000 cells per well in the e-plate. Af-
ter 96-hour incubation, 15,000 cells/well was indicat-
ed as the optimal cell density. For cytotoxicity assays, 
15,000 cells/well were seeded in 200 µL medium. Af-
ter 24‑hour incubation, 100 µL medium was aspirated, 
and cells were treated with 100 µL medium extracts 
of implant materials. Cell impedance was measured 

Table 1    Manufacturers and Titanium Grades of Implant Materials Tested in This Study

Code Brand
Titanium 

grade Manufacturer Size Lot No.

A GC Implant Aadva Grade V GC Corporation 4.0 Regular 10 mm 1306061
B Blue Sky Bio Grade V Blue Sky Bio 4.1 × 10 mm 13-0112

C Nobel Replace Grade IV Nobel Biocare 3.5 × 10 mm 495735

D Screw Plant Grade V Implant Direct 3.7 × 10 mm 103710

E Implance Grade IV AGS Medikal 4.3 × 10 mm 120713

F Nucleoss Grade IV Şanlılar Tıbbi Cihazlar Medikal Kimya San.Tic. 3.8 × 1 mm 1402552

G Roxolid Ti-Zr Alloy Straumann 3.3 × 1 mm 021.2510 JE418
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every 15 minutes for 190 hours. All experiments were 
performed in triplicate. The obtained data were evalu-
ated with the Xcelligance software (ACEA Biosciences).

For the XTT Cell Proliferation Assay, MC3T3-E1 cells 
were plated at 1 × 105 cells/well in a 96-well plate and 
incubated for 24 hours. After the culture medium was 
aspirated, 100 µL of medium extract of each implant 
material was pipetted immediately into each well con-
taining MC3T3-E1 cells. Each assay was run in triplicate. 
Formazan formation was quantified spectrophotomet-
rically at 450 nm using a microplate reader (Thermo) 
after 48 hours of incubation.

Apoptosis Assay
MC3T3 cells were seeded into a 96-well plate at a 
density of 15,000 cells/well. After 24-hour incubation, 
100 µL medium was aspirated, and cells were treated 
with 100 µL medium extracts of implant materials. 
Cells were harvested after 48 hours and washed with  
phosphate-buffered saline (PBS) and analyzed using 
Annexin V FITC/PI Apoptosis Detection kit (Roche Ap-
plied Science) with a bench top flow cytometer instru-
ment (BD Biosciences).

Statistical Analyses
Data from Xcelligance were analyzed using the instru-
ment’s real-time cell analyzer (RTCA) software. Cell in-
dexes were normalized at 24 hours, and slope values 
were calculated. Cell viability was calculated from spec-
trophotometric measurements of XTT assay. One‑way 
analysis of variance (ANOVA) and Tukey’s multiple 
range tests were used for statistical analyses. In all tests, 
P < .05 was considered significant.

RESULTS

Phase dispersion analysis revealed the constituents of 
the test materials (Table 2). B had the most elements 
within its structure (nine different elements), and F in-
cluded only three elements (Table 2). 

In this study, the values provided by the cell sur-
vival rates were measured using Xcelligance and XTT 
tests (Figs 1 and 2 and Table 3), and the apoptotic 
cell rates (early apoptosis, late apoptosis, and necro-
sis) were obtained by apoptosis analysis (Fig 3 and 
Table 3). 

The baseline (day 1 medium extracts) mea-
surements revealed that F provided the highest 
cell viability values with both Xcelligance system 
(65.61 ± 4.46) and XTT (84.00 ± 3.61). It was followed 
by G, with an Xcelligance system viability value 
of 58.11  ±  4.05 and XTT value of 79.00 ± 2.65, and 
by B, with an Xcelligance value of 30.77 ± 1.81 and 
XTT value of 76.87  ±  6.45. In both systems, C and E 
formed the lowest cell viability group, respectively  
(CXcelligance  =  19.98  ±  1.22, CXTT = 59.52 ± 8.85;  
EXcelligance = 19.10 ± 1.17, EXTT = 36.43 ± 6.38) (Table 3).

On day 5, D had an improved effect on cell sur-
vival and had the highest viability value, both with 
Xcelligance (69.65 ± 2.91) and XTT (89.16  ±  5.11). 
F  (52.76  ±  3.73; 71.33 ± 5.13), A (45.42  ±  2.19; 
70.01 ± 6.0), and G (53.70 ± 2.45; 70.00 ± 5.57) revealed 
a similar order with the Xcelligance and XTT meth-
ods. In both groups, B (27.09  ±  1.31; 54.41  ±  6.76), 
C (20.81  ±  1.06; 51.20  ±  13.89), and E (13.54 ± 1.03; 
28.14 ± 5.17) followed these test materials. 

Considering the 5-day observation period, D had 
the highest cell survival values with XTT and Xcelli-
gance among the tested materials, whereas E revealed 
the lowest cell viability results, both with XTT and Xcel-
ligance tests. 

On day 1, apoptosis was mostly induced by 
E (38.55 ± 1.03), D (34.50 ± 0.70), and C (30.95 ± 1.52), 
respectively. B (25.88 ± 0.89) and A (24.54 ± 0.75) had 
similar apoptosis induction rates and were followed by 
G (21.35 ± 0.57) and F (12.77 ± 0.94) (Fig 4).

At the end of the observation period on day 5, 
F (18.90 ± 1.34), G (19.17 ± 1.44), and A (20.28 ± 0.46) 
provided apoptosis values comparable to the control 
group, whereas B (33.24 ± 0.69) and E (34.45 ± 0.83) 
constituted the group with the highest apoptosis rate. 

Table 2    Phase Dispersion Analysis Results of the Test Materials and the Significance of the 
Differences Among the Constituents of the Implants

Material code Ti Na Cl Ca Al P K S Cr Mg Si Zr

A 83.76 6.05 0.49 8.28 0.06 0.51 0.26 0.59
B 61.43 22.97 6.52 0.36 7.54 0.31 0.22 0.18 0.48
C 79.74 5.34 14.23 0.69

D 83.24 7.87 1.34 5.59 0.10 0.51 0.55 0.81
E 58.79 3.42 24.36 0.00 12.29 0.80 0.22 0.10
F 93.69 5.78 0.53
G 83.33 7.36 0.83 1.55 6.94
P value .001 .001 – .019 .024 .020 .399 .311 .459 – – –

Statistically significant differences are in bold. 
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The moderate apoptosis induction group was formed 
by D (29.54 ± 0.52) and C (29.01 ± 0.11).

Post hoc analyses revealed that the values obtained 
with the Xcelligance and XTT methods were signifi-
cantly different (P < .05), except that of the control 
(P  =  1.000). ANOVA was used to assess which of the 
constituents were significantly different between the 
implant materials. The results disclosed that all implant 
materials had comparable amounts of K (P  =  .399), 
S  (P  =  .311), and Cr (P = .459). On the other hand, 
Ti (P = .001), Na (P = .001), Ca (P = .019), Al (P = .024), 
and P (P = .020) amounts were significantly different 
between test materials.

DISCUSSION

Cell culture methods are considered to be sensitive, 
simple, reproducible, and cost-effective means to in-
vestigate the toxicity of a material in a simplified sys-
tem without the effect of confounding variables.19 
Among the cell culture methods, Xcelligance sys-
tem (ACEA Biosciences) has been used to determine 
the cytotoxicity of dental materials since 2010.20–22 
The Xcelligance system is a new real-time cell ana-
lyzer that uses the electrical impedance through gold 
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Fig 1    Cell viability comparison among the (a) day 1 and (b) day 5 medium extracts of implant materials obtained from Xcelligance 
system. 
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Fig 2    Cell viability comparison among the (a) day 1 and (b) day 5 medium extracts of implant materials obtained from XTT assay.
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Table 3    Mean Cell Viability Ratios and 
Standard Deviations of Implant 
Materials

Test 
duration/ 
materials

Xcelligance 
survival (%)

XTT survival 
(%)

Apoptotic 
cells (%)

Day 1

A 29.00 ± 1.72 62.32 ± 4.89 24.54 ± 0.75

B 30.77 ± 1.81 76.87 ± 6.45 25.88 ± 0.89

C 19.98 ± 1.22 59.52 ± 8.85 30.95 ± 1.52

D 23.52 ± 1.41 60.94 ± 7.64 34.50 ± 0.70

E 19.10 ± 1.17 36.43 ± 6.38 38.55 ± 1.03

F 65.61 ± 4.46 84.00 ± 3.61 12.77 ± 0.94

G 58.11 ± 4.05 79.00 ± 2.65 21.35 ± 0.57

Day 5

A 45.42 ± 2.19 70.01 ± 6.0 20.28 ± 0.46

B 27.09 ± 1.31 54.41 ± 6.76 33.24 ± 0.69

C 20.81 ± 1.06 51.20 ± 13.89 29.01 ± 0.11

D 69.65 ± 2.91 89.16 ± 5.11 29.54 ± 0.52

E 13.54 ± 1.03 28.14 ± 5.17 34.45 ± 0.83

F 52.76 ± 3.73 71.33 ± 5.13 18.90 ± 1.34

G 53.70 ± 2.45 70.00 ± 5.57 19.17 ± 1.44
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microelectrodes integrated on the bottom of tissue 
culture e-plates.23 These electrodes detect the imped-
ance differences within an electrical circuit and trans-
fer this information to a computer, which converts the 
impedance measurements into cell index values.23 In 
Xcelligance system, the cell index values may be influ-
enced by several parameters, such as cell number, cell 
size, cell-substrate, or cell-cell attachment.23 Another 
commonly used cell culture method is XTT cell prolif-
eration assay, which is a colorimetric assay system that 
measures formazan products produced by metaboli-
cally active cells.24,25 Apoptosis is defined as the pro-
grammed cell death and has a crucial role in the tissue 
homeostasis.26 The flow cytometric apoptosis assay 
identifies cells that have entered the apoptotic path-
way, which leads to cell death. These cytotoxicity and 
apoptosis tests have been widely used to determine 
the cytotoxicity of dental materials.13,27

According to the American Society for Testing and 
Materials (ASTM), there are six distinct types of tita-
nium available as implant biomaterials. Among these 
six materials, there are four grades of commercially 
pure titanium (CpTi) whose mechanical and physi-
cal properties are different and related chiefly to the 
oxygen residuals in the metal. The CpTi materials are 
called pure Grade I, Grade II, Grade III, and Grade IV 
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Fig 3    Apoptosis analysis for (a) day 1 and (b) day 5 medium ex-
tracts of implant materials. Bar graphs showing the percentage 
of cell populations (early apoptosis, late apoptosis, and necro-
sis) in treated cells.

a

Control A B C D E F G

%
 A

po
pt

os
is

50

40

30

20

10

0

Day 5 materials

b

Day 1 medium extracts Day 5 medium extractsMaterial 
code

A

B

C

D

E

F

G

Fig 4    Annexin V/PI staining of indicated cell groups. Cells were 
treated with day 1 and day 5 medium extracts of implant materi-
als for 48 hours and then subjected to flow cytometric analysis.
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titanium. CpTi is also referred to as unalloyed titanium 
and usually contains some trace elements of carbon, 
oxygen, nitrogen, and iron. These trace elements 
markedly improve the mechanical properties of pure 
titanium and are found in higher amounts from Grade 
I to Grade IV.28 The remaining two are titanium alloys 
(Ti-6Al-4V and Ti-6Al-4V-ELI-extra low interstitial al-
loys), and these are known as Grade 5, which  is the 
most commonly used alloy.

Dental implants are usually made from CpTi (Grade 
IV),6 but to overcome its lower fatigue strength, tita-
nium alloys (Grade V) containing four to eight metals 
including vanadium, chromium, nickel, aluminum, 
and iron are used in dentistry.29 On the other hand, 
titanium alloys tend to corrode in body fluids30 and re-
lease metallic ions, which may cause side effects such 
as clinical implant failure, osteolysis, allergic reactions, 
hypersensitivity, and carcinogenesis.31 It is cumber-
some to assess which dental implant has fewer side 
effects since they possess complex and diverse struc-
tures that are developing continuously.13

In the present study, the results of the cytotoxic-
ity and apoptosis tests revealed that C and E were the 
materials with the lowest cell vitality and the highest 
apoptosis values among the test materials. When the 
constituents of the implant materials were taken into 
consideration in order to detect the origin of this ef-
fect, significant differences were noticed between the 
amounts of Na, Ca, Ti, Al, and P. However, phosphorus 
(P) was the only element that presented the highest 
amount in C and E (14.23% and 12.29%, respectively) 
when compared with the phosphorus amounts of all 
other implant materials tested. 

Phosphorus is an essential element as a component 
of DNA, RNA, ATP, and the phospholipids, but due to 
their nerve-hindering effect via acetylcholinesterase 
blockage, phosphorus-containing organic chemicals 
are also used as chemical weapons.32 Organophos-
phate (OP) nerve agents are designed specifically 
to cause incapacitation or death in military use and 
are particularly effective because of their extremely 
high acute toxicity.33 Recently, the use of phosphorus 
in biomedicine has raised concerns about its toxic-
ity. Various concentrations of phosphorus were incu-
bated with human lung epithelial cells for 24 hours, 
and their cell viabilities were subsequently assessed 
by using water‑soluble tetrazolium salt (WST-8) and 
methylthiazolyl-diphenyltetrazolium bromide (MTT) 
assays. The results revealed that toxicologic effects 
of phosphorus were dose-dependent, with phospho-
rus reducing cell viabilities to 48% (WST-8) and 34% 
(MTT) at 50 μg/mL−1 exposure.34

Test material D presented an unexpected result 
on day 5 with Xcelligance and XTT tests and revealed 
the highest cell viability among the test materials. 

However, this acute ascension of cell viability was 
inconsistent through the test period and was not 
supported by the results of the apoptosis assay. It is 
suggested that this may be the result of unforeseen 
variations of the release pattern of metallic ions of the 
elements, as acknowledged by Malkoç et al.13

In the present study, all cytotoxicity tests disclosed 
favorable results with F and G, and this finding was 
attributed to the purity of the materials that can be 
recognized from the lower number of additional 
elements.

CONCLUSIONS

In this in vitro study, which partially mimics the in vivo 
conditions, only two (F and G) of seven commercially 
available dental implant materials disclosed favorable 
results on osteoblastic cell line cultures with cell vi-
ability and apoptosis tests. Provided that phosphorus 
(P) was the only element that presented the highest 
amount in the least favorable implant materials with 
respect to cell viability, clinicians may be advised to 
look for the purest implant material with the lowest 
amount of P among its components.
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