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ABSTRACT

Objective: To evaluate the mechanical properties of mini-implants (MlIs) manufactured from stainless steel
and compare them with conventional titanium-aluminum-vanadium alloy Mls. Material and Methods: The
following groups were formed: G1 (n=24), 8x1.5 mm steel Mls; G2 (n=24), 12x2.0 mm steel MIs; and G3
(n=24), 10x 1.5 mm titanium MIs. The 72 MIs were inserted in the infra zygomatic crest region of the maxilla
and retromolar trigone in the jaw of 10 pigs. Pull-out, insertion torque, fracture and percussion tests were
performed in order to measure the tensile strength, primary stability and fracture strength of MIs. A digital
torque gauge was used to measure insertion and fracture torque, a universal mechanical testing machine was
used for pull-out testing and a periotest device was used to measure the micromovement of Mls. For
morphological and MI component evaluation, scanning electron microscopy (SEM) was performed.
D'Agostino & Pearson, Kruskal-Wallis, and Dunn post-hoc and normality tests were used. Results: G2
insertion and fracture torques were significantly higher than G1 and G3 insertion and fracture torques
(p<0.05). The pull-out and percussion tests presented similar values among the groups. SEM revealed that
the fracture point was predominantly on the fourth thread for steel MIs (G1 and G2) and on the seventh
thread for titanium-aluminum-vanadium MIs (G3). Conclusion: The mechanical properties of stainless steel
MIs are superior to those of titanium-aluminum-vanadium alloy MIs.
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Introduction

Orthodontic mini-implants (MIs) were developed with the purpose of obtaining predictability in
orthodontic treatments. They are used in the inter-radicular space and concomitantly associated with various
orthodontic mechanics [17.

The use of Mls is linked to several positive points, such as easy insertion, low cost and stability to bone
tissues [2,37]. However, since they are positioned between dental roots, the need to reposition them during
orthodontic treatment is not uncommon. Although this is not a painful procedure, repositioning generates
discomfort to patients through anxiety [2,37. In addition, sometimes MlIs fail and are occasionally removed for
acquiring mobility during treatment [4].

In the search for alternatives to avoid MI replacement, extra-radicular anchorage Mls were developed,
which are positioned in areas distant from dental roots [57]. Extra-radicular MIs can be manufactured from
stainless steel, which has been selected as a material due to its fracture resistance when placed in dense cortical
bone [67]. Although this assumption has been described, there are few studies comparing the performance and
mechanical properties of MIs of different materials [77].

In this context, the aim of the present study was to evaluate the mechanical properties of MIs
manufactured from stainless steel and compare them with those manufactured from titanium-aluminum-
vanadium alloy, with the perspective of using them as an extra-radicular anchoring resource. The hypothesis
that stainless steel MIs have better mechanical strength than those made from titanium-aluminum-vanadium

alloy was also verified.

Material and Methods
Group Formation and MI Installation

In the present study, 72 MIs were used: 36 manufactured from stainless steel (Dat Steel®, Implant
System Ltda, Sdo Paulo, Brazil) and 36 manufactured from Ti6Al4V alloy (Morelli®, Sdo Paulo, Brazil) in the
dimensions of 8x1.5 mm and 12x2.0 mm (steel Mla) and 10X 1.5 mm (titanium MIs). The groups formed and

the tests applied can be observed in Figure 1.
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Figure 1. Flowchart.
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MIs were inserted in the infra zygomatic crest region of the maxilla and retromolar trigone in the jaw
of pigs (Sus scrofa domesticus) slaughtered for human consumption. MI insertion was performed by the same
operator after the euthanasia of the animals. Up to the moment of MI insertion, bone samples were immersed in
saline at a temperature of -20 °C to maintain their physical and biological properties. Prior to using the substrate
for MI insertion, heads were thawed at room temperature.

The regions where MIs were inserted were standardised, consisting of the infra zygomatic crest region
of the maxilla and the buccal shelf region, which comprises the posterior portion of the mandible, anteriorly to

the external oblique line, between the first and second molars (Figure 2).

Figure 2. MI insertion position in the Buccal Shelf region (a) and infra zygomatic crest (b).

Mechanical Tests and Morphological Evaluation

MIs were inserted to assess primary stability (insertion torque measurement), where the MI insertion
key was adapted to the digital torque gauge (Lutron TQ-8800, Taipei, Taiwan) (Figure 3). Bone tissue was
attached to a grip that kept it stable during insertion so that MlIs could all be inserted in the same place and by
the same operator. Insertion torque was measured by manual MI rotation with a digital torque gauge until its
complete insertion was achieved. Then, the maximum torque value was measured. Once the insertion torque was
measured, blocks containing bone tissue and the mini-implant (5X5 cm) were then obtained. Bone block removal

was performed with a low-speed steel disc under saline cooling.

Figure 3. Digital torque gauge (Lutron TQ-8800, Taipei, Taiwan).
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With sets containing bone block and the M1, the pull-out test was performed in a universal mechanical
testing machine (Oswaldo Filizola AME-2kN, Siao Paulo, SP, Brazil). To perform the tensile test, two devices
were coupled to the machine: one in the form of a crowbar coupled to the upper part and used for grasping the
MI and the other in the lower portion, which served as a base to fix the specimen and keep the MI perpendicular
to the ground. For MI removal, a speed of 5 mm/min in a load cell of 500 kg was used.

Fracture torque was performed, as well as the insertion torque evaluation. The only difference was that
torsion was prolonged until its fracture and not only until bone insertion.

The resonance test was evaluated by electromechanical percussions, in which the degree of mobility of
the MIs was measured. For this, the device tip (Periotest®, model 3218, Medizintechnik Gulden, Modautal,
Germany) was stabilised parallel to the bone surface and perpendicular to the MI, which in turn was kept at a
distance of 2 mm from the tip, according to manufacturer's recommendations. For each specimen, 16 percussions
were performed for approximately 4 s. The value (PTV) was displayed on the device monitor and transferred to
a spreadsheet. The index varies on a scale from -8 to +50, with values between -8 and +9 indicating that teeth
are fixed on osseointegrated implants, values between +10 and +19 indicating palpable mobility, values between
+20 and +29 indicating visible mobility and values between +30 and +50 indicating mobility caused by tongue
or lip pressure. The lower the PTV, the lower the mobility and the greater the implant stability.

To evaluate the MI fracture pattern, scanning electron microscopy (SEM) was performed (JEOL - SM-
IT300 - JEOL, Tokyo, Japan).

Statistical Analysis

Initially, data were submitted to the D'Agostino & Pearson normality test, which showed non-normal
distribution. The Kruskal-Wallis test, followed by the Dunn post-hoc test, was used to assess the existence of
differences in “torque insertion”, “percussion”, “pull-out” and “fracture torque” variables among the three
different MI types. The significance level was set at 5 %. Analyses were performed using GraphPad Prism 6.05
software (GraphPad Software, San Diego, California, USA).

Results

Results corresponding to insertion torque, percussion, pull-out and fracture torque can be seen in Table
1. The insertion torque and the fracture test showed that G2 presented values significantly higher than G1 and
G3 (p<0.05). The pull-out and percussion tests showed no significant differences among groups (G1, G2 and
G3). SEM revealed that the fracture point was predominantly on the fourth thread for steel MIs (G1 and G2)

and on the seventh thread for titanium-aluminum-vanadium Mls (G3) (Figure 4).

Table 1. Median, minimum and maximum values of each variable and comparison among groups.

Tests Groups
G1 (8 x 1.5 mm steel) G2 (12 x 2.0 mm steel) G3 (10 x 1.5 mm titanium)
Insertion torque (N/cm?) 32.8 (24.4-43.6)2 61.7 (84.3-78.3)b 34.65 (19.5-40.7)
Percussion (without unit) 3.0 (2.0-5.0) 3.0 (2.0-7.0 3.0 (3.0-8.0)
Pull-out (N/cm?) 856.4 (325.7-391.2) 376.3 (348.8-415.6) 354.8 (820.9-891.5 )2
Fracture torque (N/cm?) 33.2 (28.6-38.3)2 64.6 (59.5-78.3)b 85.7 (82.5-40.7)2

» bDifferent letters indicate statistically significant differences among groups (p<0.05); p-values were obtained by Kruskal-Wallis test
followed by Dunn post-hoc test for comparison between pairs.
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10 mm titanium M

Figure 4. Scanning Electron Microscopy of intact MIs at 12x magnification.

Discussion

MI insertion in extra-radicular sites, such as the maxillary infra zygomatic crest, has been applied and
allows greater versatility to orthodontic movements [ 5,6 ]. The buccal shelf region in the mandible, in turn, has
also been used as an insertion site for extra-radicular anchorage [8,97. Therefore, evaluating the mechanical
properties of extra-radicular MIs is extremely important given the absence of studies proving differences among
MIs manufactured from different materials.

Considering that primary stability is one of the key factors for the clinical success of MIs [8,10-137, its
evaluation can be performed using methods such as periotest, pull-out and insertion/removal torque. It is defined
as mechanical bone stability immediately after MI insertion [14-177 and it should be noted that cortical bone is
an important factor in MI stability [11,14,15,17,187. The present study observed that the primary stability of
12x2.0 mm steel MIs was superior to the other evaluated Mls.

The insertion torque measurement is an important parameter related to the MI primary stability
[4,15,17,19,207]. MI dimensions influenced the insertion torque values, considering that the larger the MI
diameter, the higher the insertion torque values. MI alloy length and type directly affect their mechanical
properties [77]. In the current study, this relationship was observed, since differences among groups were found:
12x2.0 mm steel MIs showed greater insertion torque and fracture than 8x1.5 mm steel MlIs and 10x1.5 mm
titanium MIs.

In other studies, Exposto et al. [217] and Wilmes and Drescher [197 stated that screws with smaller
diameters have a higher risk of fracture and are less stable, while those with larger diameters have higher
anchoring strength. Chang et al. [107] reported that the main MI failure factors include type, diameter, patient
age, mandibular plane angle, cortical bone thickness, insertion torque and type of orthodontic movement.

For Pithon et al. (117, it is not the MIs’ diameter that has a decisive influence on primary stability, but
rather their shape and the regions of the oral cavity in which they are inserted. For Marquezan et al. [227], the
primary stability of MIs was not different for different bone types. In contrast, Wilmes and Drescher [197]
reported that cortical thickness, MI design and size, as well as implant site preparation have a major impact on
insertion torques and, therefore, on primary MI stability.

In the studies by Lim et al. [157] and Pithon et al. [237, the maximum insertion torque increased with
increasing MI length and increasing cortical bone thickness [247]. Wilmes and Drescher [197 reported that to
achieve satisfactory insertion torque and avoid MI fracture and excessive bone stress, a combination of pre-

perforation diameter and MI must be chosen according to the insertion site and bone density.

’
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In the present study, the insertion torque of 12x2.0 mm steel MIs (G2) was higher than the other groups
(G1: 8x1.5 mm steel MIs and G3: 10x 1.5 mm titanium MIs) and similar between 8x 1.5 mm steel MI and 10x1.5
mm titanium MI groups (G1 and G3). In the 2009 study by Morarend et al. [257], MIs inserted into larger
diameter (2.5 mm) monocortical bone provide greater anchorage strength compared to smaller diameters (1.5
mm) in both mandible and maxilla. However, those of 1.5 mm in diameter inserted into bicortical bone were
similar to those of 2.5 mm in monocortical bone.

The tensile torque measures the force strength required for MI removal after orthodontic treatment
[47. This test consists of extracting the MI from bone tissue at a constant speed, allowing evaluation of the
maximum force required to remove the implanted device [117]. The resulting starting force has been described
in the orthopedic, maxillofacial and orthodontic surgery fields as a fundamental biomechanical parameter that
contributes to the primary stability of screws [27]. Pithon et al. [207] reported that the tensile forces presented
by MIs inserted in different regions of the maxilla and mandible of pigs were higher than those for clinical
purposes (0.8—4.0 N), validating their use in these regions.

In the current study, steel and titanium MIs had similar performance in the applied pull-out tests.
According to tensile tests performed by Dalvi and Elias [17], F138 steel and Ti-6Al-4V MlIs showed similar
behavior when removed from 2 mm cortical bone, while Ti-6A1-4V MIs showed significantly higher torques
when removed from 3 mm cortical bone. For Gracco et al. [27], the body shape of MIs influenced the tensile
strength and, consequently, the primary MI stability.

Fractures due to MI insertion and removal stress are associated with the material from which they are
made, geometric design and bone quality [10,267]. Modifications in MI design can substantially affect their
mechanical properties [107. In contrast, for Tseng et al. (177, long-term MI stability was not directly affected
by design. MI fractures are usually generated by torsional stress caused by their small diameter [1,267. In the
current study, larger diameter (2.0 mm) MIs performed better than those of a smaller diameter (1.5 mm). Pithon
et al. (287 did not find any influence of MI length on fracture resistance during MI flexion.

The percussion test (Periotest®) is a reliable indicator for measuring implant stability at both
conventional and immediate loads [127]. However, according to Hosein et al. [187, it should be used in
combination with other mechanical tests. In the present study, percussion test evaluation did not reveal
significant differences among the groups evaluated. However, in the study by Tseng et al. [17], 2.0X11 mm
titanium MIs showed higher resonance values than 2.0x12 mm titanium MIls and 2.0x12 mm steel MlIs.
Nienkemper et al. [27] also observed, through Periotest, that there is a linear relationship between primary
stability and MI insertion depth and between primary stability and MI size [287 and that Periotest values
measured three weeks after implant insertion were smaller than those measured at insertion [297].

Scanning electron microscopy (SEM) was performed on intact and post-test MIs (Figure 4). The
fracture point was predominantly on the fourth thread for steel MIs (G1 and G2) and on the seventh thread for
titanium-aluminum-vanadium MIs (G3). In the study by Pithon et al. [237], 6 mm, 8 mm and 10 mm titanium
MIs fractured in similar regions between the first and second threads. Comparing nTi, cpTi and Ti-6Al-4-V M1,
Serra et al. (307 observed that all samples had a similar fracture process and the torsion strength was higher in
nTi and Ti-6Al-4V Mls.

With the current study, it was possible to evaluate the performance of steel and titanium MIs for extra-
radicular use. In addition, its clinical relevance relies in the fact that it is the first study to evaluate the mechanical
properties of steel and titanium MIs inserted in the extra-radicular regions of pigs, which are similar to those of

humans. However, the limitation of this study was the non-measurement of cortical thickness of regions in which
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MIs were installed, as well as limitations inherent to iz vitro studies and mechanical assays, suggesting the

conduction of human trials are necessary to prove the results.

Conclusion
The mechanical properties of stainless steel Mls are superior to that of titanium-aluminum-vanadium

MlIs. Thus, the hypothesis that steel MIs have higher mechanical strength than titanium ones has been proven.
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