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Abstract

Introduction. Titanium and the alloys that contain this element became in the last decade of the twentieth
century almost irreplaceable materials in many biomedical fields, including dentistry.
Purpose. The purpose of this study is to test and evaluate the cyto- and genotoxicity of Ti4 and Ti-6Al-4V,
to obtain biomaterials with antimicrobial properties, compatible with the human body.
Material and method. Ti4 and Ti-4Al-6V in powder form were analyzed using cell proliferation analysis
and micronucleus test. Two concentrations of 1.5 mg/ml and 3 mg/ml were tested for each type of sample.
Results and discussions. For both materials tested in the two concentrations, the presence of micronuclei
was observed, but within normal limits.
Conclusions. Although the variations are within normal limits, it should be noted that for Ti-6Al-4V the
incidence was higher at both concentrations than in the case of Ti4.
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INTRODUCTION
Titanium and its alloys have many applications in
dentistry, being used in almost all areas of this medical
specialty: orthodontics, endodontics, dental prosthetics and especially oral implantology, the last two areas
including implant-prosthetic rehabilitation. However, it
should be emphasized that the use of titanium as well
as titanium-based alloys in the biomedical field depends on the biocompatibility of this element, an issue

regulated by European Council Directive 93/42/EEC of
14 June 1993 (1).
Thus, titanium and the alloys that contain this element became in the last decade of the twentieth century, but also in these first decades of the twenty-first
century, almost irreplaceable materials in many biomedical fields, including dentistry. Specifically, this metallic material attracted the attention of dental researchers through its particularly friendly properties,
such as: biocompatibility, low thermal conductivity,
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low density, corrosion resistance, but especially an extremely advantageous price, being almost 4 times lower than that of gold and/or gold-based alloys (1,2,3).

GENERAL DATA
Both commercially pure titanium and titanium alloys are used for the industrial production of screwtype dental implants.
Commercially pure titanium has a titanium concentration of approximately 99% with small traces of N, C,
H, Fe and O. There are four types of commercially pure
titanium also called grades. The differences between
the 4 grades are given mainly by the variation of the
oxygen concentration, variations that although small
have major influences in terms of physical and mechanical properties (4).
At the same time, researchers in metallurgy useful
in dental practice, have looked for various formulas to
improve the qualities of titanium and alloys with the
main component titanium.
The biocompatibility of a material used in dentistry
aims in the first phases of testing its cytotoxicity and
genotoxicity. Cytotoxicity is the ability of a substance to
be toxic to cells, while genotoxicity is characteristic of a
substance to damages cellular DNA.
In recent years, numerous studies have been carried out regarding the use of alloys of various types,
including titanium-based alloys, as biomaterials and on
the evaluation of their genotoxic capacity, on various
human and animal cell lines (fibroblasts, dermal cells
etc.) (5,6).

PURPOSE AND OBJECTIVES OF THE STUDY
In conducting this study, commercially pure titanium grade 4 (abbreviated Ti4), but also a titanium-based
alloy, namely Ti-6Al-4V were used. The purpose of this
study is to test and evaluate the cyto- and genotoxicity
of the substances mentioned above, to obtain biomaterials with antimicrobial properties, compatible with
the human body.
This practical study is a first in an attempt to evaluate the genotoxic effects of commercially pure titanium
grade 4 (abbreviated Ti4) and Ti-6Al-4V alloy on human
lymphocytes. The evaluation of genotoxicity was performed by in vitro micronucleus test, standardized and
recommended by the OECD (Organization for Economic Co-operation and Development), but adapted and
optimized (7). The purpose of this test is to detect micronuclei in the cytoplasm of interphase cells and to
calculate their incidence. This test detects the clastogenic and aneugenic activity of some chemical agents
in cells that have undergone cell division during or after
exposure to the test substance.

MATERIALS AND METHODS
The study was conducted in collaboration with our
colleagues, who work in the Department of Genetics of
the Faculty of Biology, University of Bucharest.
Cell proliferation analysis was used to determine
the cytotoxicity, while in vitro micronucleus test on the
mammalian model (lymphocyte cultures) was used to
test genotoxicity.
Materials
The materials used for this study were: titanium
(commercially pure grade 4 - abbreviated Ti4) and Ti6Al-4V alloy (used for industrial-scale manufacturing of
screw-type dental implants), both materials in the form
of powders obtained by milling compact blocks.
The materials used for the micronucleus method
were the following: lymphocyte cultures; biochemistry
tubes BD Vacutainer Sodium Heparin; PB-MAX medium
(GIBCO) supplemented with phytohemagglutinin; Bovine Serum Albumin (BSA); amino acids and antibiotics;
KCl solution; 3:1 methanol/ acetic acid solution; Giemsa solution.
As devices, were used: thermostatic incubator (for
T = 37°C); UV lamp; Olympus BX40 microscope; cooling
centrifuge; automatic micropipettes.
The consumables used were: large and small sterile
tips; test tube; Petri dishes; microscope slides.
For each type of sample (Ti4, Ti-6Al-4V), two powder concentrations in culture medium were used: 1.5
mg/ml, 3 mg/ml. The analysis was performed using a
negative control. Each test was performed in duplicate.
Methods
Cell proliferation analysis
Cytotoxicity was evaluated by placing materials in
cell cultures and analyzing cell proliferation in the created environments. Specifically, it is important to
demonstrate that cells in the lymphocyte culture have
undergone cell division, so it is necessary to measure
the RICC (Relative Increase in Cell Count) index.
The RICC index (Relative Increase in Cell Count) or
the evaluation of cytotoxicity on the relative increase
of the number of cells, is calculated as follows:
RICC = The growth of the cells number in treated cultures X 100
The growth of the cells number in control cultures

Cytotoxicity = 100 – RICC
Micronucleus test
The in vitro micronucleus test was performed according to OECD guideline 487.
The lymphocyte culture was transferred to a tube
containing 7ml of supplemented PB-MAX medium to
induce cell division before exposure to the chemical.
Subsequently, the following steps were completed:
187
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a. The culture was incubated at 37°C for 24 hours.
b. Ti4 and Ti6Al4V powders were introduced into
the lymphocyte culture 24 hours after the start of the
culture. Two concentrations of 1.5 mg/ml and 3 mg/ml
were tested for each type of sample. A negative control
sample (no alloy/Ti powders) was also used. Each test
was performed in duplicate.
c. Cultures were sacrificed 72 hours after the addition of the test materials, sufficient time for the cells to
undergo several rounds of cell division so that potential
DNA damage in the form of micronuclei in the interphase cells could be identified.
d. Culture was performed without the addition of
cytochalasin B (cytoB – actin polymerization inhibitor).
e. In the following steps, the cultures were sacrificed by hypotension in 0.075M KCl solution and the
cells were fixed in 3: 1 methanol/acetic acid solution.
f. Making microscopic preparations on microscope
slides and staining them in Giemsa solution.
g. The analysis of the microscopic preparations was
performed under an optical microscope.

RESULTS
Samples with high concentrations of metal powders
in the environment cannot be used for genotoxicity assessment because they exceed the maximum permitted concentrations for a correct assessment without
false positive results. Culture agglutination and precipitation are also found, so that cell proliferation is
blocked.
Cell proliferation analysis
The cytotoxicity was calculated for each concentration and as shown in Table 1, the concentration of 3
mg/ml in the sample is close to the maximum allowed
cytotoxicity, for a correct evaluation without false positive results. If the cytotoxicity exceeds 60%, it causes
the appearance of micronuclei as a side effect of cytotoxicity, so that the incidence of micronuclei cannot be
assessed due to the genotoxic capacity of the substance.

plasm of interphase cells. Micronuclei are acentric fragments, centromere-free that cannot migrate to the
poles during cell division anaphase due to the fact that
they cannot cling to the fibers of the division spindle.
Table 2. Analysis of micronuclei frequency according to the
concentration in the culture medium

Type of probe

Micronuclei incidence in lymphocyte
cultures depending on the concentration
of metal powders

Ti4

1.5 mg/ml
2‰

Ti6Al4V

6‰

Negative control

3 mg/ml
4‰
10‰
1‰

The micronuclei incidence evaluation was performed by averaging the frequency of micronuclei per
1,000 viable nuclei, for the two replicates. 5 slides from
each sample were analyzed in duplicate (5/replica/
sample).
The experiments in this study showed the presence
of micronuclei, even at low concentrations. It should
also be noted that micronuclei occur in a low frequency
in the culture of lymphocytes considered negative control. The appearance of micronuclei is a normal effect
of stress induced by the culture medium and the in vitro experiment.
At a concentration of 1.5 mg/ml, the lowest incidence of micronuclei was found in Ti4 (Figure 1-3).
At the same concentration, 1.5 mg/ml, a higher incidence of micronuclei was found in the Ti-6Al-4V alloy
(Figure 6-7).
At a concentration of 3 mg/ml, the presence of micronuclei, bridges between micronuclei and nuclei, the
presence of nuclear sprays and atypical nuclei, due to
the high concentration of alloy powder, compared to
the negative control (Figure 4-5, Figure 8-11).

Table 1. Cytotoxicity of nanoparticles depending on the
concentration and obtaining method
Type of probe
Ti4
Ti6Al4V

The concentration of titanium and its alloy
in the culture medium
1.5 mg/ml
3 mg/ml
34.2%
49.8%
39%
58.2%

Micronuclei incidence analysis
The in vitro micronucleus test is a test that evaluates genotoxicity by detecting micronuclei in the cyto188

FIGURE 1. Negative control. Metaphase with normal human
chromosomes and normal nuclei (X100)
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FIGURE 5. Micronucleus in the culture of lymphocytes with Ti4
powder concentration 3 mg/ml (X60)
FIGURE 2. Interphase nuclei with micronuclei and metaphase
with normal chromosomes - Ti4 concentration 1.5 mg/ml (x100)

FIGURE 6. Micronucleus in culture from lymphocyte culture
incubated with Ti-6Al-4V alloy powder concentration 1.5 mg/
ml (X100)
FIGURE 3. Micronucleus in the culture of lymphocytes from the
Ti4 powder sample concentration 1.5 mg/ml (X100)

FIGURE 4. Micronucleus in the culture of lymphocytes with Ti4
powder concentration 3 mg/ml (X100)

FIGURE 7. Micronucleus in formation of lymphocyte culture
incubated with Ti-6Al-4V alloy powder concentration 1.5 mg/
ml (X100)
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FIGURE 8. Endomitosis in the culture of lymphocytes incubated
with Ti-6Al-4V alloy powder concentration 3 mg/ml. The
presence of double minute (DM) formations (X100) is noted.
FIGURE 11. Bridges of genetic material between the nucleus
and the micronucleus in the culture of lymphocytes incubated
with Ti-6Al-4V alloy powder concentration 3 mg/ml (X100)

FIGURE 9. Atypical nuclei and micronucleus in the culture
of lymphocytes incubated with Ti-6Al-4V alloy powder
concentration 3 mg/ml (X60)

FIGURE 10. Bridges of genetic material between the nucleus
and the micronucleus in the culture of lymphocytes incubated
with Ti-6Al-4V alloy powder concentration 3 mg/ml (X100)
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The concentration of 1.5 mg/ml of Ti4 in culture
medium did not determine an increased incidence of
micronuclei, compared to the negative control (Figure
1), and represents a favorable concentration for the
evaluation of genotoxic capacity (Figure 2, Figure 3).
These metals, such as titanium and its alloys, have
particular physical and chemical properties, causing a
specific interaction with the genetic material, especially
in division. During division, the nucleus is not protected
by the cell membrane and thus facilitates the interactions of metals and/or alloys and genetic material.
Cytotoxicity analysis showed a lower cell proliferation compared to the negative control. From the analysis of slides prepared for the microscope, it was found
that the Ti-6Al-4V alloy can make direct connections
with DNA causing the appearance of micronuclei,
bridges of genetic material (Figure 10, Figure 11), but
also the appearance of atypical nuclei (Figure 9).
The presence of endomitosis (Figure 8) and double
minute formations, markers that usually appear as a
result of a very high toxicity of exogenous factors (they
are especially characteristic of ionizing radiation, but
not only) shows that this concentration is still too high,
for a correct assessment of genotoxicity.
Analysis of micronuclei incidence for the concentration of 3 mg/ml of Ti-6Al-4V alloy, indicated a higher
degree of genotoxicity and the presence of coarse lesions in the genetic material (Figure 8-11).
Endomitosis is a variant of endoreduplication, in
which cells replicate chromosomes during the S phase,
but go through mitosis prematurely. Instead of being
divided into two new nuclei, daughter, the replicated
chromosomes are retained in the original nucleus (8).
Endoreduplication (or endoreplication) occurs when
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chromosomes duplicate, but the cell does not separate
later. This process results in the appearance of polyploid cells.
Double minutes are small fragments of extrachromosomal DNA, which have been observed in a large
number of human tumors, including those located in
the breast, lung, ovary, colon and especially those of
neuroblastoma. These fragments represent a manifestation of gene amplification during the development of
tumors, which confers selective advantages for their
growth and survival (9).

DISCUSSIONS
Using the micronucleus test, the potential of substances, alloys, nanoparticles to destroy genetic material in an in vitro culture can be investigated. This test
can detect both aneugenicity and clastogenicity in cells
that have undergone cell division, during or after exposure to the test chemicals (10,11). Bacterial genotoxicity tests (e.g., Ames test) are insufficient and therefore
cannot be considered relevant when testing alloys for
medical use. Comet Assay and micronucleus testing are
most commonly used as genotoxicity tests.
The formation of micronuclei is a way to evidence
the genotoxicity, and numerous studies have shown
that their occurrence is often accompanied by symptoms and medical conditions. For example, the appearance of micronuclei in male gamete cells can lead to
infertility, while a large number of micronuclei in lymphocytes in female subjects is associated with complications that can lead to miscarriages (10,11). Micronuclei, together with chromosomal aberrations,
aneuploids and exchanges of genetic material between
sister chromatids, are important markers in identifying
the initiation of cancer processes (12,13).
Micronuclei are fragments of genetic material,
without centromere, that form during the transition
between metaphase and anaphase, during mitotic cell
diffusion. Micronuclei can form from a delayed chromosome (aneugenic event) or from an acentric fragment, which detaches after rupture (clastogenicity
event) and will not integrate into daughter nuclei. Micronuclei scoring can also be performed on other types
of cells relevant to human biomonitoring: fibroblasts,
epithelial cells (11).
It is important to decipher the mechanism of the
appearance of micronuclei following exposure to genotoxic agents, in order to use them as markers for the
detection of diseases such as cancer, inflammation,
and their treatment. The identification and decipherment of these mechanisms can be useful both for the
prevention of the formation of micronuclei and their
associated diseases, and for their use for therapeutic
purposes (14).

In recent years, numerous studies have been conducted on the mechanism of micronuclei formation, on
the incidence of micronuclei in different types of cells
and tissues, as well as the effects on cells affected by
genomic instability and tumorigenesis. Although micronuclei studies are a hotly debated field, there are
still some gaps: whether micronuclei can restore a
complete genotype in the cell and whether micronuclei
can contribute to gene expression. The exact mechanism of degradation of the micronuclei content is also
unclear (12).
Many researchers in the field of dental metallurgy
recommend the use of Ti-6Al-4V alloy, due to superior
mechanical properties, compared to commercially
pure titanium, especially grade 4, used by most companies producing screw-type dental implants (increased
tensile strength, behavior much friendlier in the mouth,
etc.). However, there are studies in the literature, which
refer to the fact that, after a certain period after the
osseointegration of dental implants, the presence of
concentrations with a certain variability of aluminum
and vanadium ions in the peri-implant tissue was observed, and went even to the study of tissues located at
a greater distance from these peri-implant tissues, but
without significant notable preliminary results (15-18).
Thus, in the case of aluminum, intoxications with
this metal compound are encountered in everyday
practice quite often. The main route of entry into the
body is the respiratory tract, by inhalation. Aluminum
compounds are absorbed slowly, the target organ being the brain (19). Aluminum in large quantities can
negatively influence bone metabolism (in very large
quantities, aluminum alters the mineralization of the
bone system, thus causing pathological fractures) (20).
Regarding alumina - Al2O3, the main compound of aluminum, it can be stated that it has no toxic effect, due
to its low solubility, even favoring cell proliferation (21).
As for vanadium, its level in the human body is very
low (18). According to specialists, vanadium has a beneficial effect on physiological effects, such as: growth,
lipid metabolism, bone and tooth mineralization. As
toxic effects of vanadium, we can notice: the decrease
of coenzyme A and Q concentrations, by disinhibiting
oxidative phosphorylation. At the same time, vanadium can interfere with multiple enzymatic systems and
can induce irreversible disturbances. Its high solubility
contributes, of course, to the toxic effects, which are
estimated to be 10 times higher than that of the Ni–
Co–Cu complex. However, its presence in low concentrations (1-4%) in the Ti-6Al-4V alloy, does not seem to
induce major toxic reactions, but produces certain toxic phenomena, which on long term can cause harmful
reactions on the human body. Specifically, in cell culture systems, titanium was well tolerated, but not vanadium, one of its main alloying metals (22-27).
191
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As a result, many researchers believe that the Ti6Al-4V alloy should be abandoned for industrial-scale
manufacturing of screw-type dental implants and continue to recommend the use of commercially pure titanium, especially grade 4, as well as new compounds
based on zirconium oxide, or why not, the implementation of binary applications based on Ti and Zr (Ti-Zr alloys), with an extremely promising biocompatibility
and corrosion resistance and a very high applicability in
the medical field, including in the implant-prosthetic
rehabilitation both for making screw-type dental implants and for performing implant-supported prosthetic restorations [see already the existence on the market
of a dental implant with a composition of approximately 13-18% Zr and the rest Ti (Straumann ROXOLID, Switzerland)] (28).

CONCLUSIONS
Analysis of the genetic material and the incidence
of micronuclei in vitro in human lymphocyte cultures
for titanium powder (in our case Ti4) and its Ti-6Al-4V
alloy with two variations of the concentration in the
culture medium (1.5 mg/ml and 3 mg/ml), highlighted

the presence of alterations in the genetic material (micronuclei, atypical nuclei, bridges, endomitosis with
the appearance of double minutes) and increased cytotoxicity, especially for the concentration of 3 mg/ml.
Even at the lowest concentration of 1.5 mg/ml, there
was a higher incidence of micronuclei in the Ti-6Al-4V
alloy compared to the negative control, but also compared to the commercially pure titanium (in our case
Ti4).
A detailed analysis of the interactions between
these alloys and biological systems is imperative, as
these metal alloys are of significant interest for the development of new safe biomaterials, which are very
important in preventive and restorative medicine and
to prevent infections forming on medical devices,
which is one of the main causes of nosocomial infections. Detailed studies are also needed to correlate the
essential properties of alloys, such as porosity, roughness, surface polarity, and chemical composition, with
their effects on biological structures.
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