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Abstract

This study aimed to assess the in vitro biocompatibility of titanium (Ti) alloy orthodontic mini-implants by correlating human osteoblasts (HOb)
response with chemical composition and surface morphology of mini-implants. HOb were cultivated with or without custom-made and commercial
mini-implants, discs and filings. The surface morphology and chemical composition of the implants were assessed under the scanning electron
microscopy (SEM) with energy-dispersive X-ray (EDX) microanalysis system. Cell viability, adhesion and proliferation were analyzed by optical
microscopy and flow cytometry. 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) reduction
and lactate dehydrogenase (LDH) release tests were used to assess the cytotoxicity of discs and filings-treated culture medium. Shape,
adhesion, and multiplication of HOb were not significantly altered by the presence of mini-implants, discs or filings in culture, even though Ti
alloy may exert in vitro a low cytotoxic effect on HOb adhered to discs. Morphology analysis by SEM demonstrated that custom-made mini-
implants’ surface differs from that of commercial mini-screws in terms of surface finish and roughness, whilst EDX analysis showed largely
similar percentages of Ti, aluminum and vanadium for the two types of implants. No major differences were noticed regarding the effect exerted

in vitro on HOb by the investigated implants. The new mini-implants have a convenient in vitro cytotoxicity profile on HOb.
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& Introduction

Orthodontic mini-implants (OMI) are skeletal anchorage
devices temporarily inserted into oral bone structures either
to supplement the orthodontic anchorage the teeth offer or
to avoid using the latter as anchor units [1, 2]. They are
used for a limited period of time during the orthodontic
treatment and then removed using a minimally invasive
technique [3].

Many of the available mini-screws are manufactured
from a grade 5 titanium alloy, also known as titanium 6-
aluminum 4-vanadium (Ti-6A1-4V; Ti alloy). This material
has replaced the commercially pure titanium (cp Ti) which,
despite its higher degree of biocompatibility, is more prone
to fracture [4, 5]. Ti alloy benefits of higher tensile and
yield strength than cp Ti [4]. Furthermore, its elastic modulus
is superior compared to other non-Ti biomaterials, being
closer to the bone’s, thus facilitating a more uniform force
distribution along the bone—implant interface [6]. However,
some concerns about Ti alloy releasing Al and V exist [4],
which requires a thoroughly investigation of the potential
cytotoxicity of the OMI to the host bone tissue.

Since ideal characteristics of orthodontic mini-screws

are still open to debate [7], a custom-made design seems
an interesting option for the variety of clinical needs. The
main advantage is the possibility of customization in terms
of material, length, diameter, thread features, head, body,
and tip configuration. Primary stability is of major
importance for the immediate loading of the orthodontic
mini-screws and is a function of several characteristics:
shape of the screw, length, diameter, and thread geometry
(shape, pitch, depth, and width) [8—13]. Of the available
shape forms, the square thread profile may provide the best
primary stability for immediate loading [13], while reverse
buttress thread makes the penetration easy without predrilling
[14] and provides the greatest pull-out strength [15]. Thread
pitch can be customized in case of experimental mini-
implants, depending on the density of compact bone: low
bone density requires a longer thread pitch distance and
high bone density — a shorter one [13]. Moreover, a decrease
screw pitch can be selected for increasing primary stability
in cases where weaken conditions are present, such as poor
bone quality or short implants [16]. This is because a shorter
pitch distance makes surface area increase leading to a
more favorable stress distribution [16]. Also, it is agreed
that the greater the thread depth, the wider the surface area
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of the implant [16]. Depending on the clinical situation,
deeper threads are advantageous in areas of softer bone,
although shallow thread depths permit easier insertion into
denser bone with no need for tapping [16]. Lastly, the
microthread configuration, which includes implant material
and surface treatment, and morphology, may improve bone
formation and stress distribution for the implants inserted
in the cancellous bone under immediate loading [13]. All
these features could be selected by the orthodontist according
to the specific clinical case. This kind of personalized
approach would favor success of the orthodontic treatment
with skeletal anchorage and would decrease the risk of
potential complications.

Aim

The aim of this study was to evaluate in vitro the
behavior of primary human osteoblasts (HOb) in contact
with custom-made Ti alloy mini-implants, using regular
commercial mini-screws as reference. Additionally, the
mini-implants’ chemical structure and surface morphology

were analyzed to identify whether these characteristics have
an influence on HOD proliferation and adhesion.

& Materials and Methods

Custom-made Ti alloy mini-implants
and other samples for investigation

For the present study, custom-made orthodontic mini-
implants (cmOMI) were manufactured using a particular
experimental design, but the configuration can be modified
according to particular clinical needs. Experimental cmOMI
have a tapered core, reverse buttress thread and are single
threaded. The latter characteristic seems to be the most
favorable thread helix configuration in terms of implant
stability [16]. The neck (the area that meets the soft tissue)
and the crestal portion of the body are smooth, with no
microthreads. The cmOMI are self-drilling due to its
corkscrew tip and sharp threads. CmOMI were manufactured
using Ti alloy (Ti-6Al-4V) and no special treatment was
applied to their surface. CmOMI (which were labelled as
Group A) were compared with samples belonging to the
following groups:

(7) Group B: commercial mini-screws (Orlus, Ortholution,
Korea), presenting a sandblasted acid-etched surface,
previously reported to maximize the potential for osseo-
integration [17] and optimize biocompatibility [14].

(if) Group C: alloy discs obtained from the same alloy
used for cmOMI. They have a circular shape and a smooth
surface.

(iii) Group D: alloy filings, composed from particles
under 100 um from the same alloy.

Samples from Groups A, C and D were provided by a
manufacturing company (Tehnomed, Romania). Morphology
of the four items investigated are presented in Figure 1
(A-D) and technical details for the samples are given in
Table 1.

Study design

The study was approved by the Research Ethics
Committee of Carol Davila University of Medicine and
Pharmacy, Bucharest, Romania (Approval No. 102/

2.12.2016). It was divided into two parts: (/) Surface
characterization and chemical composition analysis of
mini-implants; (2) In vitro investigations on HOD.

C D

Figure 1 — The analyzed Ti alloy sample groups: custom-
made orthodontic mini-implant (A), Orlus reference
mini-implant (B), alloy disc (C) and filings (D).

Table 1 — Description of the investigated Ti alloy mini-
implants and discs

Material, surface
characteristics

Ti-4Al-6V, smooth
surface (untreated)

Ti-4Al-6V

Size

1.8 x1.1 x 10 mm
(diameter x collar width x
length)
1.6x1x7mm

Device

Custom-made
mini-implant

Oirlmuslgnnl?l- (diameter x collar width x  sandblasted acid-
P length) etched surface
. 5% 0.1 mm )
Disc (diameter x thickness) Ti-4Al-6v
Filings Particles <100 pm Ti-4Al-6V

Al: Aluminum; Ti: Titanium; V: Vanadium.

We used a total number of #=24 mini-implants (12
samples each, from Groups A and B), as well as n=6 discs
(from Group C) and filings. All samples were sterilized
by ultraviolet light for 24 hours.

Surface characterization and chemical
composition analysis of mini-implants

We analyzed n=2 mini-implants from each of the
Groups A and B, described above in Figure 1.

The surface morphology of mini-implants was analyzed
under the environmental scanning electron microscope
(SEM, Philips XL 30 ESEM TMP, The Netherlands).
The operating conditions for SEM analysis were: 25 kV
beam accelerating voltage, tilt angle of 0°, take-off angle
of 35° and working distance between 10 pum and 1 mm. The
mini-implants were evaluated at different levels (head,
body, top) and power magnifications (25%, 100, 200x,
500% and 2000x%).

Quantitative evaluation of the concentration of each
chemical element present in the alloy used for manufac-
turing the two analyzed groups of mini-implants (A/B) was
carried out using energy-dispersive X-ray spectroscopy
(EDX Sapphire UTW, 128 eV resolution). EDX uses the
X-rays emitted by a sample to determine its elemental
composition. For this analysis, mini-implants were fixed
on the sample holder in order to facilitate the scan in a
viewing angle of 120°.
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In vitro investigations on human osteoblasts

Cell culture

Since bone cells are directly exposed to the cytotoxic
effect of metallic ions released from the OMI, standardized
human primary osteoblasts were considered. The biological
impact of custom-made and commercial Ti alloy mini-
implants on HOb was investigated relative to cell viability,
morphology, adhesion and proliferation.

HOb (PromoCell, C-12720) were purchased from
Biomedica Medizinprodukte, Bucharest, Romania. For
cells propagation, HOb were plated in 25 cm? flask at a
density of 10 00020 000 cells/cm?, and were cultivated
in osteoblast growth medium (PromoCell, C-27001) at
37°C in 5% carbon dioxide (CO,) atmosphere. Culture
medium was changed at 24-48 hours depending on cell
morphology and confluence, the threshold being estimated
at 70-90% confluence. HOb passage was performed by
cell detachment with Trypsin/Ethylenediaminetetraacetic
acid (EDTA) (0.25%/0.02%, w/v) in phosphate-buffered
saline (PBS) w/o Ca®*" (Biochrom AG, Germany). The
density of detached cells in suspension was measured by
optical microscopy using a Biirker—Tiirk counting chamber.
Cellular viability was evaluated by the Trypan Blue
exclusion test (exclusion of Trypan Blue by living cells).
For experiments, HOb from passages 3—14 were used.
Cells were cultivated in osteoblast growth medium, in
24- or 96-well plates, in absence and presence of Ti alloy
devices. Cells were analyzed at various time points after
putting in contact HOb and Ti alloy devices (24, 48
and 72 hours) in terms of cell viability, adhesion, and
proliferation, as described below. The shape of HOb and
also cell adhesion to solid substrates (plastic or Ti alloy
devices) were first investigated by optical microscopy
(EVOS XL microscope, ThermoFisher Scientific). Cell
proliferation was evaluated by flow cytometry using
Carboxyfluorescein diacetate succinimidyl ester (CFDA—
SE) as fluorescent dye. CFDA-SE is a non-toxic and
long-term cell tracer that allows evaluation of the number
of proliferating cells in successive daughter generations
based on 1/2 dye dilution at each cell division. HOb were
labeled with 10 uM CFDA-SE (Vybrant® CFDA-SE Cell
Tracer Kit, ThermoFisher Scientific), according to the
technical instructions provided by the kit manufacturer,
and were then plated for experiments in 24-well plates,
with or without Ti alloy samples. At the end of HOb
cultivation, supernatants were discarded, cells were washed
twice with PBS w/o Ca?" and Mg?" and were then detached
with Trypsin/EDTA, as described above. Data on intra-
cellular fluorescence of CFDA-SE-labeled HOb were
acquired and processed using a FACSCalibur flow
cytometer and the CellQuest software, respectively. The
distribution of cells in daughter generations was obtained
by processing flow cytometry data with the ModFit software.
Specific tests were used for assessing the potential cytotoxic
action of Ti alloy discs and of filings-treated culture
medium (prepared as described below). Cell viability was
evaluated by the 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)

reduction test that measures the number of metabolically
active cells in culture. In parallel, membrane integrity was
evaluated by the lactate dehydrogenase (LDH) release test
that is a measure of cell death by necrosis. Briefly, HOb
were cultivated in triplicates in 96-well plates (100 pL
total culture volume), either on Ti alloy discs placed on the
bottom of culture wells, or in regular culture plates where
cells were cultivated in filings-treated culture medium.
Control samples for assessing background contained only
cell culture medium and no cells. At the end of cultivation,
culture plates were centrifuged at 200 g at room temperature.
50 pL of cell-free culture supernatant were harvested from
each well for the LDH release test. 50 pL of fresh culture
medium were added instead in each well for restoring the
100 pL total volume of the cell culture.

LDH release was measured by the CytoTox 96® Non-
Radioactive Cytotoxicity Assay (Promega, USA). Briefly,
50 uL of detection reagent were added on 50 pL culture
supernatant. Reaction was allowed to develop for 30 minutes
at room temperature, in the dark, and was finally stopped
by adding 50 pL of the kit’s stop solution. Reaction
intensity was measured as optical density (OD) at 470 nm
using an enzyme-linked immunosorbent assay (ELISA)
reader (Tecan Sunrise, Germany). From the OD of cell-
containing wells, the background OD was subtracted.

MTS reduction was measured by the CellTiter 96®
AQueous One Solution Cell Proliferation Assay (Promega,
USA). We added 20 pL of the detection reagent in each
cell culture well (up to 100 pL total volume) and samples
were further incubated at 37°C in the dark for two hours
100 pL of culture supernatant were harvested from each
well and were transferred in another 96-well plate. OD was
read at 470 nm against the 620 nm reference wavelength,
using an ELISA reader (Tecan Sunrise, Germany). From
the OD of cell-containing wells, the background OD was
subtracted.

Filings-treated medium

Ti alloy filings were incubated in cell culture medium
for seven hours in a tube rotator, at a continuous rotational
speed of 12 rpm (MACSmix Tube Rotator, Miltenyi Biotec
GmbH, Germany). Filings-free culture medium was obtained
by centrifugation at 4000 rpm for 20 minutes.

= Results

Mini-implant morphology and chemical
composition

Morphology analysis by SEM demonstrates that the
surface of cmOMI mini-implants differs from that of
commercial mini-screws. The cnOMI have a rough surface
exhibiting a pattern of concentric groove morphology
as result of surface mechanical machining. However,
the reference group presents a smoother surface finish,
especially in the area of head and neck of the implants
(Figure 2, A—F). It also exhibited an irregular geometry
with hairline cracks and narrow microspaces (Figure 3,
A-H).
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As featured from the EDX analysis charts, the alloys
of the two types of investigated mini-implants showed
largely similar percentages of Ti, Al and V (Figure 4, A
and B; Table 2).

meme 2w e e L e e DA i o o
Figure 2 — Scanning electron micrographs (25%) Figure 3 — Scanning electron micrographs (100%, 200x,
presenting active tip, body and head of custom-made 500x%, 2000%) showing the surface morphology of custom-
mini-implant (A—C) and commercial mini-screw (D-F). made mini-implant (A—D) and commercial mini-screw

(E-H).
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Figure 4 — EDX analyses for the chemical composition: (4) Graph for custom-made mini-implant; (B) Graph for
commercial mini-implant. EDX: Energy-dispersive X-ray.

Table 2 — Data for custom-made mini-implant and for In vitro study
commercial mini-implant

Custom-made mini-implant We investigated the putative cytotoxic effect that
Element Wt% At% K-ratio z A F Ti alloy might exert in vitro on HOb. Ti alloy discs
TiIK 89.69 84.85 0.8828 0.9935 0.9908 1 were used instead of mini-implants for enhancing the
AIK 757 1271 0.031 1.0763 0.3794 1.0037 contact surface between HOb and material. Cytotoxicity
V K 274 244 0.0268 0.9738 1.0021 1 was evaluated as number of metabolically active cells
Total 100 100 (MTS reduction test) and as membrane integrity (LDH
Commercial mini-implant release test). Experimental data showed that Ti alloy
Element Wt% At% K-ratio Z A F discs had decreased by 55% MTS reduction whilst
TiK 9039 86 0.8911 0.9942 0.9916 1 increasing only by 12% LDH release by HOb, as shown
AlK 6.8 1149 0.0277 1.077 0.3771 1.0038 in Table 3. These results indicate that HOb might have
VK 2.81 2,52 0.0275 0.9745 1.0028 1 a lower adhesion on Ti alloy discs than on the usual
Total 100 100 surface of culture plates, either due to material or surface

Al: Aluminum; At: Atomic; Ti: Titanium; V: Vanadium; Wt: Weight. characteristics.
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Table 3 — Cytotoxicity of Ti alloy discs evaluated as
MTS reduction and LDH release by HOb in presence
and absence of Ti alloy discs

LDH release [%]

Cell control 0.556+0.014 0.289+0.033
Alloy discs 0.623+0.017 0.128+0.017

HOb: Human osteoblasts; LDH: Lactate dehydrogenase; MTS: 3-(4,5-
Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium; Ti: Titanium. Data are presented as mean + standard
error of the mean for triplicate samples.

MTS reduction [%]

We hypothesized that deterioration of mini-implants
and release of free molecules may influence the behavior
of HOD in culture. This process was mimicked in vitro by
cultivation of HOb in culture medium that was pre-treated
for seven hours with Ti alloy filings. As demonstrated by
the MTS reduction test (Figure 5), the filings-treated culture
medium had no statistically significant effect on the number
of metabolically active cells. Corroborated with the data
presented in Table 3, results indicated that the investigated
Ti alloy may reduce the number of metabolically active
HODb adhered to discs, that might derive from surface effects
and not from the release of free molecules.

Regarding the interaction of HOb with mini-implants,
the shape of HOb and their adhesion to the culture well

.
- /

bottom were not significantly influenced by the contact of
cells with mini-implants (both custom-made and commercial),
as shown by light microscopy images (Figure 6, A-E;
Figure 7, A and B). Moreover, HOb adhered well to the
implant’s surface, as shown in Figure 7 (A and B).

0,79

0,775

6

0,71
0,745
0,7:

3

Cells grown in culture medium

Cells grown in culture medium pre-treated with Ti-alloy fillings

Figure 5 — MTS reduction by HOb cultivated for 24 hours
in culture medium pre-treated with Ti alloy filings (in
controlled rotation at 12 rpm). HOb: Human osteoblasts;
MTS: 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium; Ti: Titanium.

Figure 6 — Human osteoblast cell culture: (A) With the custom-made orthodontic mini-implant (10%); (B) With the
reference implant (10%); (C) Without any implant (control, 10%); (D) Without any implant (control, 20%); (E) Without

any implant (control, 40%).

Figure 7 — Human osteoblast adhering to
implant’s surface (40%): (A) In presence
of the custom-made orthodontic mini-
implant; (B) Without any implant
(control).
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We further investigated whether mini-implants could
disturb the proliferation of HOb. Using flow cytometry
with CFDA-SE, we assessed the distribution of HOb in
daughter generations in absence and presence of mini-
implants. Preliminary data indicated, as expected, that the
growth of HOb was dependent on the seeding density of
cells (20 000, 40 000 and 80 000 cells/cm?). Thus, the
optimal seeding density of HOb was identified between
20 000 and 40 000 cells/cm? (Figure 8) and, therefore,
experiments were further done at a seeding density of
20 000 cells/cm?.

Multiplication of HOb was not significantly altered
by the presence of mini-implants in the culture plates, as
shown by almost identical distributions of cells in daughter
cell generations in presence or absence of custom-made
and commercial mini-implants (Figure 9).

40,00
35,00 cells
30,00
25,00
20,00
15,00
10,00
5,00
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m cells+implant
cellstreference
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Figure 8 — Identifying the optimal cell seeding density.
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Figure 9 — Multiplication pattern of human osteoblasts. Cells were cultivated for 24 hours (20 000 cells/cm?) with/without
Ti alloy custom-made and commercial mini-implants (as reference). Distribution of cells in daughter cell generations
(Gen.) was assessed by flow cytometry with Carboxyfluorescein diacetate succinimidyl ester (CFDA-SE).

= Discussions

Orthodontic treatments involve usage of various metals
and metal alloys that can release metal ions into the oral
environment, hence triggering cytotoxicity, genotoxicity,
carcinogenicity, and allergic reactions [18]. Most OMI
are made from grade 5 Ti alloy, as defined by American
Society for Testing and Materials (ASTM), an alloy
consisting of Ti, Al and V [19]. Cytotoxic Al and V can be
released and may accumulate in the tissues surrounding
the mini-implant or diffuse in the circulatory system [18].
Hence, they might be either kept responsible for an implant
failure due to osteolysis and allergic reactions or even for
inducing various systemic effects, such as hypersensitivity,
kidney disease or carcinogenesis [18].

Our study aimed to assess in vitro the biocompatibility
of Ti alloy mini-implants, by using a model relevant for
alveolar bone remodeling during the interaction with
orthodontic mini-screws.

In a context dominated by a huge offer of serial
manufactured mini-implants, a customized mini-screw aims
to be an effective, convenient, and accessible alternative.
It has the benefit of a possible customized selection in
accordance with the specific clinical case in terms of
dimension, shape, and thread design.

Experimental mini-implants were comparatively analyzed
with a series of Ti alloy samples: commercial mini-
screws, discs, and metal filings. Commercial mini-implants
were used as controls to evaluate how mini-implant’s
characteristics influence the adhesion, proliferation, and

differentiation of bone cells. However, the main difference
between the two types of mini-screws is the surface that
comes in direct contact with the bone: the experimental
mini-implant has a machined surface (no surface treatment),
while the commercial one has a sandblasted acid-etched
surface, known for favoring the screw’s biocompatibility.

Ti alloy discs were included in the analysis to mimic
the flat surface between the mini-screw’s threads and
evaluate the behavior of bone cells in relation to surface
shape. The filings were used to further test the potential
cytotoxicity of the alloy used for the experimental mini-
implants.

SEM analysis was conducted to obtain a descriptive
assay of the mini-implants’ design taking into consideration
that the surface that encounters the bone influences the
osteoblasts’ adhesion and activity. A rough surface favors
better bone—implant contact and mechanical retention,
which finally determines an enhanced stability [20], while
a smooth surface stimulates fibrous connective tissue
formation [21]. Our investigation revealed the differences
between the surface roughness of the two types of investi-
gated mini-screws, caused by their different processing
technology. Correlating the influence of the two mini-
screw types on HOb proliferation, differentiation, and
adhesion with their surface characteristics, we might
assume that surface treatment as well as the groove pattern
influence the HOb behavior in close contact with the
implant surface.

Furthermore, EDX analysis demonstrated that the
two types of mini-implants have the same elements in the
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chemical composition, with little difference between the
concentrations found within each alloy. Experimental mini-
implants showed a lower amount of Ti (89.69%) compared
with Orlus mini-screw (90.39%). Also, it has a larger
amount of Al (7.57%) and a small amount of V (2.74%)
compared to the values obtained for Orlus mini-implant
(6.8% and 2.81%, respectively). Reducing the concentration
of Ti and increasing the Al concentration for the experimental
mini-implant might determine a greater mechanical resistance
of the alloy.

Results highlighted that the investigated custom-made
mini-implants were in the same biocompatibility range
with the commercial reference relative to human normal
osteoblasts.

Only few studies have reported the cytotoxic potential
of OMI. Bueno & Basting evaluated the influence of Ti
alloy mini-implants on osteoblasts and concluded that their
proliferation has increased from 24 to 72 hours. Also, cell
adhesion at 72 hours suggested the presence of bone
remodeling, required for osseointegration initiation [22].
Malkog et al. studied the cytotoxicity in five types of
mini-implants made from two different alloys (stainless
steel and Ti alloy) using a real-time cell analysis system.
No adverse effects on gingival fibroblasts were observed
in any material, but a significant decrease of osteoblasts
viability was recorded for stainless steel mini-screws.
Furthermore, same material proved to have different effects
on osteoblasts, demonstrating that the cytotoxic effects
depend on the composition, surface area and particle size
[23].

Soft tissue surrounding the dental implant separates
the dental implant from the oral cavity and provides a seal
that prevents the development of peri-implant pathology
[24]. Fibroblasts are encountered in large numbers in
peri-implant mucosa [25]. The biocompatibility of five
types of mini-implants was evaluated in relation with
gingival fibroblasts using MTT and LDH cytotoxicity tests,
showing no adverse effects of the elements solubilized
from the mini-implants and no long-term cytotoxic effects
on cells of the oral cavity [26]. Custom-made mini-implant
from Ti-6Al-4V metal alloy did not induce impairment
of the human gingival fibroblasts cell viable population
[27]. However, in a three orthodontic implants test, the
stainless-steel implant induced slight cytotoxic effects
[28]. In another study, upon analyzing the cytotoxicity of
another group of six mini-implants, the ones with highest
amount of V and Al have shown the smallest cell viability
at 24,48, 72 and 168 hours. Moreover, their different effects
on fibroblasts were reported to be caused by the presence
of other elements in the composition, such as carbon (C),
Ti, iron (Fe), copper (Cu), oxygen (O), and nitrogen (N)
[18].

= Conclusions

Ti alloy mini-implants investigated in the present study
exerted no major effects on HOb proliferation, differentiation
and adhesion. CmOMI had a low cytotoxicity profile on
HOb, almost similar to the reference commercial mini-
implants. Consequently, they are promising candidates for
further development in animal models, that are mandatory
for evaluating how these design features influence cmOMI’s
stability. It should be pointed out that specific implant

design features are of paramount for the success of skeletal
anchorage and that every patient has a unique biological
condition. Therefore, a customized selection of the mini-
implant could increase treatment success with orthodontic
mini-screws.
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