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In vitro study of human osteoblast proliferation and morphology on

orthodontic mini-implants

Ricardo Carvalho Buenoa; Roberta Tarkany Bastingb

ABSTRACT
Objective: To evaluate the proliferation and morphology of human osteoblasts cultured on two
brands of mini-implants after 24, 48, and 72 hours, in addition to the chemical composition found on
their surface.
Materials and Methods: Two brands of mini-implant (Morelli and Neodent) were evaluated;
polystyrene was used as a control group (n 5 3). Osteoblasts were cultured on the surface of
sterilized mini-implants in a CO2 incubator at different time periods (24, 48, and 72 hours).
Osteoblast proliferation was quantified by scanning electron microscopy using up to 50003

magnification, and cell morphology was analyzed by a single observer. For the chemical analysis,
spectroscopy X-ray fluorescence was used to identify and quantify chemical components on the
surface of the mini-implants.
Results: Two-way ANOVA showed no significant interaction between the factors studied (P 5

0.686). A Tukey test revealed no significant difference in osteoblast proliferation between the mini-
implants at all studied periods; however, a difference in cell proliferation was detected between the
Neodent and the control group (P 5 .025). For all groups, time had a direct and positive effect on
osteoblast proliferation (P , .001). The significant elements present in both brands of mini-implants
were titanium, aluminum, vanadium, and iron.
Conclusions: Osteoblast proliferation was present on the mini-implants studied, which increased
over time; however, no significant difference between brands was observed. No difference was
seen between the mini-implants evaluated in terms of chemical composition. Cell adhesion after
72 hours suggests that areas of bone remodeling can be achieved, thus initiating the process of
mini-implant anchorage. (Angle Orthod. 2015;85:920–926.)
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INTRODUCTION

The use of a stable point of anchorage has
broadened the possibilities and predictability of ortho-

dontic treatments that avoid tooth extraction and
orthognathic surgery in patients with unfavorable bone
support. This type of anchorage has also been
indicated in adult patients who would normally decline
extraoral appliances, as well as in those having a
complete dentition lacking edentulous gaps.1–4 Mini-
implants are relatively easy to insert and remove at a
relatively low cost, with no need to wait lengthy periods
between installation and force application.5,6

Many types of anchorage, including conventional
osseointegrated implants, nonosseointegrated appli-
ances, miniplates, and mini-implants have been
proposed.7,8 Due to their preestablished treatment
time, mini-implants depend on mechanical retention
and hence may not osseointegrate.9–11

The material used to manufacture mini-implants
must be nontoxic, biocompatible, and mechanically
resistant to support tension and corrosion.7 Therefore,
commercially pure titanium (cp Ti) is the material of
choice, as it is biocompatible and presents satisfactory
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mechanical properties.12,13 Nevertheless, mini-implants
are fine components that must bear orthodontic loads
and be resistant to fracture. In order to improve
material composition, an alloy was obtained by
incorporating aluminum (Al) and vanadium (V) into
the cp Ti (Ti-6Al-4V). This titanium alloy, known as
grade 5 Ti, confers higher fatigue resistance than does
cp Ti, yet maintains properties such as resistance to
corrosion and low toxicity.11,14,15

The chemical and topographic features of mini-
implant surfaces are regarded as important in terms of
their interface with bone cells because of their high
quality of osseointegration,13 since osteoblast mor-
phology can be influenced by composition and type of
surface treatment.16 If corrosion sets in because of the
chemical composition of the alloy, encapsulated tissue
may be formed secondarily to the release of metallic
ions and other byproducts of corrosion, as well as ionic
contamination of organic tissues, thus compromising
cell adhesion.17

At the completion of orthodontic treatment, the ideal
scenario would be to remove the mini-implant by
simply unscrewing it with minimal trauma, followed by
bone regeneration.18 However, some studies have
demonstrated that mini-implants can osseointegrate.
Certain difficulties in their removal, including frac-
tures—mainly in the neck of the mini-implant—have
been observed, creating the need to remove them
surgically or bury them subgingivally.19,20

Therefore, the aim of this study was to analyze the
chemical constitution of mini-implant metal alloys,
detailing the chemical component profile and rate at
which each component occurs, and to associate those
findings with in situ proliferation and cell morphology of
human osteoblasts in vitro during the initial stages of
cell adhesion.

MATERIALS AND METHODS

In order to evaluate cell adhesion, we used cultured
human osteoblasts as the experimental units, seeding
them on the surface of the mini-implants. The study
factors were mini-implants and polystyrene, on two
experimental levels of mini-implant, according to
commercial brand (Morelli [Dental Morelli, Sorocaba,
SP, Brazil] and Neodent [Neodent, Curitiba, PR,
Brazil]), and a control, which consisted of a polysty-

rene disk (TPP-Biosystems, Curitiba, PR, Brazil).
Three levels of time were chosen to assess osteoblast
proliferation (24, 48, and 72 hours). The sample size
consisted of three experimental units of each brand of
mini-implant or polystyrene at each level of time (n 5

3); the total sample size was 9 in an experimental
design of 3 3 3. The response variable was cell
adhesion, which was evaluated both quantitatively and
qualitatively according to proliferation and cell mor-
phology, respectively. Two experimental units (n 5 2)
for each commercial brand were used to analyze
response in terms of chemical composition of the mini-
implants. The response variable was the presence of
each chemical as assessed quantitatively in percent-
age according to the other chemicals via X-ray
fluorescence spectroscopy. The specifications of the
mini-implants and polystyrene are described in Table 1
and illustrated in Figure 1.

This study was approved by the Ethics Committee in
Research (registration 2012/0383).

Osteoblast Proliferation and Cell Morphology

Human osteoblast cell lines were obtained from the
cell bank of the dental school, which were purchased
from American Type Culture Collection, Manassas, Va
(No. CRL2594). The osteoblasts were cultured in Alfa
Minimum Essential Medium (Nutricell, Campinas, SP,
Brazil) and supplemented with 10% fetal bovine serum
(Sigma, St Louis, Mo). All procedures involving live cell
culture were performed in a laminar flow cabinet
(Veco, Bio Seg 09, Campinas, SP, Brazil) to prevent
contamination.

The mini-implants and polystyrene were placed
horizontally on a petri dish and stabilized using a
metallic matrix to prevent movement during transpor-
tation. The mini-implant-and-matrix set was sterilized
in ethylene oxide prior to seeding with osteoblasts.

The cells were kept in a CO2 incubator (Thermo
Fisher Scientific 3110, Marietta, Ohio) at 37uC in a
humid atmosphere containing 95% oxygen and 5%
carbon dioxide. The culture medium was changed
every 2 days.

Osteoblast adhesion to the mini-implants was
evaluated using the trypan blue vital dye exclusion
method at 24, 48, and 72 hours of culture on the mini-
implants. Ten microliters of the cell suspension was

Table 1. Specifications of the Mini-Implants and the Polystyrene Used as Control

Mini-Implant/Polyestyrene

(Manufacturer and Location) Size (Diameter 3 Height 3 Collar Width) Composition and Surface Characteristics

Morelli (Morelli, Sorocaba, SP, Brazil) 1.5 3 6 3 1 mm Titanium Ti6Al4V, grade 23, ASTM-136, smooth surface.

Neodent (Neodent, Curitiba, PR, Brazil) 1.6 3 7 3 1 mm Titanium Ti6Al4V, grade 5, ASTM-136, smooth surface.

Polystyrene (TPP-Biosystems Curitiba,

PR, Brazil)

Disk shape measuring 13 mm in diameter

by 1 mm in thickness

Homopolymer (plastic), smooth surface.
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diluted in 10mL of trypan blue dye (Sigma, Steimheim,
Germany) from which 10mL was placed in a hemocy-
tometer (Neubauer Chamber; Fisher Scientific, Pitts-
burgh, Pa) and counted under an inverted phase
contrast microscope (Nikon, Eclipse TS100, Tokyo,
Japan). The total number of cells present on each
plate at different times was obtained as follows:21

Total No: of cells ~ No: of cells counted

| initial volume | dilution

|104 squares considered for counting

Cell morphology analysis was performed on a
scanning electron microscope (SEM) (Philips, XL30,
Amsterdam, The Netherlands) at 24, 48, and 72 hours.
The cells were cultured as described above and fixed
using Karnovsky solution with 2% paraformaldehyde
and 2.5% glutaraldehyde in 0.1M cacodylate buffer,
pH 7.4, for 1 hour at room temperature. They were then
washed in the same buffer before successive dehy-
dration to critical point, drying in a Bal-tec drying unit
(Balzers Union, Bal-Tec CPD 030, Brunswick, Ohio).
The specimens were positioned on metal stubs and
analyzed under the SEM using 303, 503, 5003, and
25003, up to 5000 times. The images were analyzed
by a single operator and then processed using Adobe
Photoshop (Adobe Systems, San Jose, Calif).

Analysis of Chemical Composition

Identification of the composition of the alloys was
performed using an X-ray fluorescence spectrophotom-
eter (Niton, XLI 818, São Bernardo do Campo, SP,
Brazil) following verification against the international
standard ARM-P/NIARM 35B, certificate No. 35B-
101592 ARM-F. Type and quantity of metals present,
as per the elements Ti, V, Al, and Fe, were evaluated via
their atomic numbers, which were reverted into tables.

The mini-implants were irradiated at the collar region
from a distance of 5 cm so that the X-ray beam was at
a right angle to the long axis of the mini-implants,
which remained in their sterile wrapping to prevent

contamination by residues from other metals. The
diameter of the collimator used was 20 mm, the value
used to qualify and quantify the metals found.

Statistical Analysis

Data from the chemical analyses were obtained in
terms of percentages of the constituents evaluated.
Cell morphology was described in terms of cell type
and shape. The proliferation data were assessed for
normality and homogeneity of variance and analyzed
using two-way analysis of variance. Multiple compar-
isons were analyzed using the Tukey test. All statistics
were performed on SPSS 20 (SPSS Inc, Chicago, Ill)
at a significance level of 5%.

RESULTS

Analysis of cell proliferation demonstrated no signif-
icant interaction between the factors mini-implants/
polystyrene and time (P 5 .686). The Tukey test
revealed no significant difference in osteoblast prolif-
eration between the Neodent and Morelli mini-implants
at any time period, and only for the latter was a
significant difference observed when compared with
polystyrene, which was used as a control (P 5 .025).
Time influenced osteoblast proliferation on all surfaces
studied (mini-implants and polystyrene; P , .001), with
the lowest values at 24 hours, intermediate at 48 hours,
and highest at 72 hours (Table 2).

Cell variations were observed on the surface of the
mini-implants and polystyrene for the different time
periods. Figures 2, 3, and 4 show the results observed
on the surface of the mini-implants and polystyrene at
24, 48, and 72 hours. At 24 hours, the cells
demonstrated typical morphological features, with a
rounded shape and a few elongations (lamellipodia
and phyllopodia). At 48 hours, the osteoblasts prolif-
erating onto the mini-implants presented morphologi-
cal features that varied from round to stellate, with
more frequent elongations and an increased number of
cells. At 72 hours, an even greater increase in cell
numbers was observed for both mini-implants. The

Figure 1. Materials investigated. (A) Morelli mini-implant. (B) Neodent mini-implant. (C) Polystyrene, used as control.
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osteoblasts presented a predominantly stellate shape
with numerous elongations.

Data relating to the chemical analysis are presented
in Figure 5. The most abundant elements in all the
alloys analyzed were Ti, Al, V, and Fe. The mini-
implants with the highest amounts of Ti were the
Morelli from sample 2 (88.37%), followed by Neodent
sample 2 (87.93%), Neodent sample 1 (87.92%), and
Morelli sample 1 (87.73%), but these small differences
were not significant.

DISCUSSION

Materials used in the manufacturing of mini-implants
must be nontoxic and biocompatible, as well as

mechanically resist tension and corrosion.7 Therefore,
cp Ti is the material of choice, as it possesses both
characteristics.12,13,22 Incorporating Al and V into the
alloy (Ti-6Al-4V) can enhance the composition of mini-
implants to withstand orthodontic loads and resist
fracture. Such Ti alloys, known as grade 5 and grade
23, provide higher fatigue resistance than does cp Ti
without losing resistance to corrosion and maintaining
low toxicity.14,23

According to the manufacturers, Neodent mini-
implants are rated at grade 5 Ti6Al4V in their chemical
composition (ASTM-136), while the Morelli mini-im-
plants rate grade 23 Ti6Al4V (ASTM-136). In the
present study, chemical analysis showed that heavy
metals were present in both brands of mini-implants,

Table 2. Osteoblast Proliferation on the Surface of the Mini-Implants or Polystyrene Over Timea

Material

Time

Total24 h 48 h 72 h

Mean SD Mean SD Mean SD Mean SD

Morelli mini-implant 3.18 6 0.56 4.51 6 0.34 8.88 6 0.80 5.53 A 6 2.63

Neodent mini-implant 3.99 6 0.97 4.51 6 0.78 9.99 6 0.59 6.17 AB 6 2.96

Polystyrene 4.36 6 0.71 5.18 6 0.56 9.92 6 0.68 6.49 B 6 2.66

Total 3.85 a 6 0.85 4.74 b 6 0.61 9.60 c 6 0.81 –

a Mean and standard deviation (3 104) of cell count. Values followed by capital letters denote a significant difference in osteoblast proliferation

on the studied surfaces independent of time. Values followed by lowercase letters indicate difference in osteoblast proliferation at the times

analyzed, independent of the surface evaluated.

Figure 2. Osteoblasts at 24, 48, and 72 hours on the mini-implants and polystyrene. (A to C) Morelli; (D to F) Neodent; (G to I) polystyrene.
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with the most abundant elements in the alloys being Ti,
Al, V, and Fe. The mini-implants of both commercial
brands studied exhibited values and types of chemical
components within the standards specified by their
manufacturers and as shown by Malkoç et al.,24 which
made them clinically biocompatible and without ad-
verse effects on osteoblasts24 despite the mild differ-
ences in chemical elements.

Previous studies have shown that osteoblasts
proliferate on the alloys studied11,15,24 and that the
mini-implants used for temporary anchorage in ortho-
dontics may partially osseointegrate.19,20 Also, both

implant and thread design may influence insertion and
removal torques, highlighting the importance of select-
ing an adequate design according to cortical bone
thickness.25 Furthermore, mini-implant diameter and,
most important, thread pitch have a significant effect
on stability, which is not the case for length.26 Surface
modification by sandblasting and acid etching has a
beneficial effect on implant biocompatibility.12,27–29 In
the present study, even with the surface visibly smooth
both to the naked eye and at 503 magnification
(Figure 4), osteoblast proliferation occurred within
the irregularities observed by SEM, favoring cell

Figure 3. Osteoblast proliferation at 72 hours for polysterene. Cell spread can be seen with numerous elongations (503 magnification).

Figure 4. Osteoblast proliferation on the surface of the mini-implant at 72 hours. Although the cell proliferation and composition were similar for

both mini-implants, a higher spread can be seen over the Morelli mini-implant (A) than over the Neodent mini-implant (503 magnification).
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proliferation and spread into the dipped areas (Figure 2),
thus corroborating the literature regarding treated
surfaces.12,13,18 No significant difference was observed
in terms of osteoblast proliferation onto the Neodent and
Morelli mini-implants; however, only for the latter was
the proliferation different from that on the control,
polystyrene. This result may be related to the surface
similarity between the Neodent mini-implant and poly-
styrene (used as the control in cell-culture studies)
regarding surface energy. According to Poulsson et al.,30

surface energy is a factor that can influence cell
adhesion.

A direct relationship has been reported between
surface roughness and implant anchorage, as evalu-
ated by measuring reverse torque wherein anchorage
seems to become more stable as the bone tissue
matures during healing.12,13,18 In this respect, Conserva
et al.16 observed that the microscopic aspect of the
implant surface and osteoblast morphology seemed to
be influenced by the type of surface treatment at 6, 24,
and 72 hours and that machined surfaces retard cell
proliferation as observed under SEM.

In the present study, as the time of contact between
the cells and surface increased, so did cell prolifera-
tion, suggesting a favorable biological relationship
between the cells and surfaces, including machined
smooth surfaces. From 24 hours to 72 hours, cell
morphology underwent some changes, including var-
iation in shape from round to stellate, with more
elongations. The number of adhered cells was also
greater, which supports the previous findings of cell
proliferation.16,24

Based on the similar patterns of cell proliferation and
cell morphology, both brands might be suited for clinical
use. The cell adhesion observed suggests that areas of
bone remodeling can be achieved, thus initiating the
process of mini-implant anchorage. Nevertheless,

further studies are needed to investigate the speed
and time of osseointegration in mini-implants.

CONCLUSIONS

N Osteoblast proliferation was successful on the mini-
implant surface, which increased over time without a
significant difference between commercial brands.

N The most frequently observed elements present in
the alloys were Ti, Al, V, and Fe, a characteristic that
did not differ significantly between brands.
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