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One hundred micro-implants from two different manufacturers were used in the study. From each
manufacturer (Link from MISTM and Yesanchor from OrlusTM) the implants were divided in 5 groups: G0
(n=10) new, unused, G1 (n=10) mini-implants inserted in pig bone and removed, ultrasonically cleaned,
followed by autoclave sterilization, G2 (n=10) same insertion protocol of group 2 followed by chemical
cleaning with phosphoric gel and autoclave strerilization, G3 (n=10) same insertion protocol of group 1
followed by sandblasting and autoclave sterilization, G4 (n=10) same insertion protocol of group 2 followed
by cleaning with distilled water and autoclave sterilization. Maximum insertion torque was recorded and
subjected to statistical testing. Our results showed significant differences of the maximum insertion torques
between groups of Link mini-implant (p=0.006), and no statistical differences of the maximum insertion
torques of the Yesanchor implants (p=0.33). Significant differences (p<0.001) were also recorded between
the groups of the two types of minii-mplants when compared. Our findings showed that brand-specific
differences in maximum insertion torque exist between the two types of mini-implants.
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Orthodontic mini-implants or TADs (Temporar y
anchorage devices) are more and more popular in clinical
orthodontics. These devices are mainly used to reinforce
the anchorage and to facilitate difficult tooth movements.
Mini-implants offer numerous advantages: small size,
which permits rapid and atraumatic placement in almost
all sites within the mouth [1-3].
The reinsertion of a mini-implant might be necessary in
some cases, especially when mobility of the mini-screw,
due to bone resorption or soft tissue inflammation is
observed or when it is used in other part of the mouth for
another purpose [4-6].
Treatment costs are significantly increased if new miniimplants are used every time a retrieved one is not reused,
in the same patient. On the other side, reusing a medical
device can only be performed when its sterilization and
preparation does not alter the clinical and mechanical
properties of the device [2,4].
The effect of different sterilization protocols on other
orthodontic products (pliers, archwires, ligatures etc) was
widely studied in the orthodontic literature [7-11, 26-28],
but there is less information about the effect of chemical
and physical sterilization methods on the surface
topography and mechanical properties of the orthodontic
mini-screws. Important parametes to test a mini-implant
stability and mechanical property are the insertion and the
fracture torque [4,6]. Especially, the insertion torque is a

reliable stability measurement when a mini-implant is
desired to be reinserted several times.
Previous studies [5,7,12, ] emphasized that only
autoclaving sterilization does not affect the fracture torque
of the mini-implants. However, microscopic images
demonstrated that organic tissue remains are hardly
removed from a mini-implants surface, even after many
cleanings and sterilization [7].
The objective of this study was to evaluate the insertion
torque of mini-implants which underwent different
cleaning and sterilization protocols after insertion in pig
mandibular bone. It was also aimed to compare the
insertion torque of the sterilized implants with the new,
unused ones.
Experimental part
A total number of 100 mini-implants from two different
manufacturers (Link from MIS TM , MIS Implants Distribution,
Bucharest and Yesanchor from OrlusTM, Seoul, Korea),
were included in this study. These two manufacturers were
chosen because their mini-implants are the most used and
popular in Romania. On the other hand one of the miniimplants type was cylindrical and the other conic, both
having the same dimension 1.6 x 8 mm. From each
manufacturer the implants were randomly divided in 5
groups from G0 to G4. Group G0 (n=10) included new,
unused mini-implnats as control group. The G1 group
(n=10) consisted of mini-implants inserted in pig
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mandibular bone and removed to reproduce the clinical
conditions of insertion and removal from jaw bones. The
removed mini-implants were subjected to ultrasonical
cleaning, at 40 kHz, 250 in an ultrasonic washer (Digital
Ultrasonic Cleaner, CD 4820, Codyson) completely
immersed in detergent, in order to remove the organic
debris from their surface. After the 20 min cleaning cycle
in detergent solution, the mini-implants were removed,
rinsed with distilled water and cleaned ultrasonically once
again for 15 minutes in distilled water. This procedure was
followed by autoclave sterilization at 1210, at 15 psi for 20
min (Vakuclav 31B, MelagTM, Berlin), according to the
recommendations of the manufacturers.
Group G2 (n=10) underwent to the same insertion and
removal protocol of group 2 followed by chemical cleaning.
Chemical cleaning consisted of fully coverage with
phosphoric ( H3PO4) acid gel, 37% (Ultra-Etch, Ultradent)
and then immersion in 1mL of the same acid for 10 min.
The samples were irrigated, dried and immersed in 10 mL
sodium hypochlorite 5.25% ( NaOCl) for 30 min. After
rinsing with distilled water they were packed in sealed
bags and strerilized in autoclave (same protocol as G1).
Group G3 (n=10) underwent to the same insertion
protocol of group 1 followed by ultrasonic cleaning in
detergent solution for 8 min and rinsing with distilled water.
Then, sandblasting was performed with Al2O3-90 µ, at 60
psi, from a distance of 10 mm. The samples were cleaned,
once again in ultrasonic bath for 20 min, followed by
autoclave sterilization.
Group G4 (n=10) consisted of 10 mini-implants from
each manufacturer with the same insertion and removal
protocol of group 2 followed by rinsing with distilled water
and autoclave sterilization.
In order to test the insertion torque, all the samples from
the 5 groups (n=100) were inserted in high-density artificial
bone. The syntetic bone was custom made for this study
(Sawbones Worldwide) to simulate the density and
properties of cortical and alveolar cancellous human bone.
Each bone block had a simulated cortical bone thickness
of 1.5 mm (0.48g/cc) and a 18.5 mm thick (0.16g/cc) layer
simulating the cancellous bone.
Prior to the experimental investigations of the miniimplants, two small scale tests were conducted in order
to determine the rotational speed and the axial load applied
during the insertion of the mini-implants. A custom design
screw-driver dedicated to this type of medical treatment
was consecutively attached to a twist angle transducer
and a load cell during a simulated implant insertion by a
dental physician that was asked to try to reproduce the
actual clinical insertion technique. The first test revealed
that it takes between 0.8 and 1.1 seconds to perform a 90
degree turn of the screw-driver which corresponds to a
roughly 15 rpm (rotations per minute) speed that was

considered for the future testing of both the reference (new)
and the prepared samples of mini-implants. One
shortcoming observed during this experiment is that the
physician stops to reposition his hand on the screw-driver
while the testing machine will run at the constant set speed
until the end of test criterion is met. However, this fact only
implies that the physician has to overcome the initial static
friction at the beginning of each stoke during the actual
clinical insertion, but this does not influence the maximum
torque value that the mini-implants can withstand. For the
second test, the physician was asked to push against a
load cell while driving a mini-implant in artificial bone. This
experiment revealed an axial load of around 50N, so the
cart carrying the mandrel that holds the artificial bone was
pressed with a 5kg weight attached to a pulley system
that is fitted on the testing equipment by its manufacturer.
Based on the two previously described tests, all the 100
mini-implants belonging to the five groups have been
inserted in artificial bone using an Instron 55MT1 Torsion
Tester (fig. 1).

Fig. 1. Maximum insertion torque measurement set-up using
the Instron Torsion Tester

The measured data were represented as diagrams (fig.
2). Both types of implants have a drilling tip followed by a
threaded portion, a neck and a screw head. Zone (1) on
each curve represents the actual start of the drilling process
(marked by the presence of bone chips). This process is
slow and steady for the cylindrical mini-implant because
only the front edge of the drill cuts into the bone while the
torque continues to rise for the conical implant as it also
cuts sideways. Zone (2) on the curves corresponds to the
moment at which the drilling tip is fully inserted into the
bone and the torque will start to rise due to the increase in
friction caused by the higher contact surface area as the
thread advances. The rate at which the torque increases is
again higher in the case of conical implants because of
the lateral pressure exerted on the tissue that can
sometimes lead to bone cracks in the vicinity of the implant
at the upper torque values. Note that the drilling process
still continues at the tip of the implant, but the bone density
diminishes. Point (3) marks the complete insertion of the
implants as the neck’s shoulder reaches the surface of the

Fig. 2. Insertion torque for a
sample of each type of miniimplants
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Fig. 3. The average of the maximum insertion
torque values for the two types of implants, from
group G0 to G4

bone. Following this point the torque rises until the implant
breaks at point (4). Cases of bone being cleft rather than
implant breaking were only observed in the case of conical
samples.
Statistical analysis was performed using one-way
analysis of variance (ANOVA) and t-test based on the
average values of maximum torques for each group. The
significance threshold was set to 0.05.
Results and discussions
The average of the maximum insertion torque values
are summarized for the two types of mini-implants from
group G0 to G4 in figure 3.
Average maximum insertion torque values for Link miniimplants varied from 22.40 Ncm to 26.94 Ncm and for
Yesanchor implants from 36.46 Ncm to 42.37 Ncm.
The student test showed significant difference between
group G0 and G4 (p=0.0177), G2 and G3 (p=0.0402) and
between G3 and G4 (p= 0.0135) of the Link implants
maximum insertion torque values. Group G3 of the Link
mini-implants had a significantly increased insertion torque
when compared with groups G2 and G4. No statistically
significant maximum torque insertion values were
recorded between groups of Yesanchor mini-implants.
One-way ANOVA test showed significant differences of
the maximum insertion torques between groups of Link
mini-implant (p=0.006), and no statistical differences of
the maximum insertion torques of the Yesanchor implants
(p=0.33). Significant differences (p<0.001) were also
recorded between the groups of the two types of miniimplants when compared.
Maximum insertion torque is defined as the maximum
torque recorded during the insertion procedure of a miniimplant measured in Ncm. It is a result of friction between
screw threads and bone (artificial or human) and can be
used as a reliable parameter to determine whether primary
mini-implant stability can be achieved [1-6]. Although the
success rate of the mini-implants might be affected by its
maximum insertion torque. In a study made in 2006,
Motoyoshi et al.[13] demonstrated that mini-implants
stability placed with a maximum insertion torque between
5 and 10 Ncm was higher than maximum insertion torque
was below or above these values. In other words, a greater
insertion torque does not mean a better stability of the
implant. Chaddad et al. [14] found higher values for the
ideal maximum insertion torques (15 Ncm). In our study,
the recorded maximum insertion torques of the new,
unused samples were higher for both the cylindrical Link
(25.10 Ncm) and for the conic Yesanchor (41.02Ncm) miniimplantsAlthough, our values were comparable with the
MATERIALE PLASTICE ♦ 54 ♦ No.2 ♦ 2017

results of Prates da Nova et al.[15] for the same implant
diameter (1.6mm). The differences might be explained
by variables due to manufacturing process, different
manufacturers and shapes of the implants.
Regarding the procedures used for cleaning and
sterilization of the implants, we tried to establish which
procedure might modify the maximum insertion torque of
a screw. The first group G1 underwent sonification in a
detergent solution. This procedure should remove the
proteinaceous biofilm from the contaminated surfaces,
although some studies [16,17] suggested to be insufficient.
Analyzing the effect of the sonification to the mechanical
properties of a mini-implant, it can be concluded that, in
both types (Link and Yesanchor), the maximum insertion
torque slightly but not significantly decreased. Estelita et
al.[6] compared the fracture torque of the new and
ultrasonically cleaned miniimplants fracture torque and
revealed no significant differnces. Group G2 underwent
chemical cleaning with phosphoric acid. This acid was
chosen due to its numerous advantages: low Ph which
deletes mineral part of the remaining bone and it is
harmless to the implants titanium surface [18]. Sodium
hypoclorite is also a useful chemical agent used to dissolve
organic parts [11]. Chemical cleaning reduced the
maximum insertion torque for both types of implants, but
the decrease was not statistically significant. Similarities
between our study and Norrollahians et al.[5] study was
found. The maximum insertion torque of the chemically
cleaned implants was not significantly reduced in both
studies.
Sandblasting methods are recommended to treat the
surface of titanium implants in order to increase surface
area and to provide a better bone-to –implant contact [1924]. It was also suggested that, by mechanical stripping,
the surface of a used implant is better cleaned. Regarding
its effect on the mechanical properties, it has been
suggested [3,23] that the removal torque was increased
while, the fracture torque was not modified [6]. We found
statistically significant greater insertion torque for the
sandblasted Link mini-implants (26.94 Ncm) and lower
insertion torque for Yesanchor (36.46 Ncm) implants.
Because, all the other variables (particle size, cleaning
process after sandblasting etc) were the same for G3 group
of the two types of implants, the implants shape and
manufacturer were the only factors that can explain the
differences in results.
It has been suggested that several autoclave sterilization
cycles (up to 50 times)[12] does not affect implants
strength and fracture torque. Mattos et al. [4] study also
demonstrated that no significantly changes were observed
in the resistance to fracture of the autoclaved mini-
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implants. On the other hand, Akyalcin et al. [7] observed
differences between maximum insertion torques of four
commercially available mini-implants, in cycles of 1, 5 and
10 autoclave sterilization. The maximum insertion torque
increased in the case of Vector and KLS Martin miniimplants, which might suggest a positive effect of the
sterilization on the mini-implant stability. In our study, we
sterilized our mini-implants from group G4 only once. The
effect was a slight decrease of the maximum insertion
torque in Link implants while, in the case of Yesanchor
implants the measured parameter increased, but not
significantly.
Conclusions
Our findings showed that brand-specific differences in
maximum insertion torque exist between the two types of
mini-implants.
Different chemical and physical cleaning and
sterilization procedures have variable effects on the
maximum insertion torque of the mini-implants. Statistical
variability was observed between the five groups of Link
implants.
Further studies are required to establish modification of
other parameters (surface topography, fracture and
removal torque) of the studied mini-implants.
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