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Original research

In-vitro evaluation of the effects of insertion and sterilization
procedures on the mechanical and surface characteristics of mini

Screws

Purpose

The aim of the present study was to investigate the effects of insertion and
sterilization on primary stability and to examine the mechanical and surface
characteristics of mini screws.

Materials and methods

140 miniscrews (70 Dual-Top; 70 Ortho-Easy) were divided into 3 groups. Group
1: control group, 10 miniscrews of each brand, evaluated without any primary
procedure. Group 2: 30 miniscrews of each brand, each inserted into the sawbone
once, then sterilized and tested. Group 3: 30 miniscrews of each brand, each
inserted into the sawbone twice, sterilized after each insertion and then tested. The
miniscrews were evaluated for changes in primary stability, mechanical and surface
characteristics with scanning electron microscopy (SEM) analysis, torsion tests,
maximum insertion-removal torques and vertical-horizontal pull out strength tests.

Results

The maximum insertion torque values of the unused miniscrews (Group 1) were
found to be significantly higher than those of the reused (Groups 2, 3) mini screws
(p<0.05). Removal torque, vertical-horizontal pull-out strength and torsional
strength value changes were found to be statistically insignificant. In SEM analysis,
wear and atrophy were seen on the threads of used miniscrews especially in the
apical region and the oxide layer was seen to have disappeared from some regions
of the coated miniscrews.

Conclusion

Although wear and atrophy were detected in SEM analysis of used miniscrews,
the overall primary stability and fracture torque resistance tests did not show any
significant changes after the first and second insertion and sterilization procedures.

Keywords: Miniscrew; orthodontic mini-implant; primary stability; scanning electron
microscope; sterilization

Introduction

Anchorage is defined as the resistance to unwanted tooth movementand
anchorage control is the key factor in successful orthodontic treatment (1).
Before skeletal anchorage devices, clinicians tried many kinds of mechanics
to obtain better anchorage via intraoral and extra oral devices. However,
the success of these treatments is greatly affected by patient discomfort,
the need for patient cooperation and side effects (2,3). The idea of skeletal
anchorage for orthodontic purposes arose from the need to eliminate
anchorage losses and patient compliance problems. Gainsforth and Higley
(4) performed the first successful application of skeletal anchorage in the
mid-1940s with vitalium implants. In 1997, Kanomi (5) introduced first

Civan Aved Hergel’,
Yasemin Bahar Acar?,
Mustafa Ates’,
Nazan Kiigiikkeles'

'Private practice, Istanbul, Turkey

2Marmara University, School of Dentistry, Department of
Orthodontics, istanbul, Turkey

Corresponding Author: Yasemin Bahar Acar
E-mail: yaseminbaharciftci@gmail.com

Received: October 20, 2017
Revised: May 14,2018
Accepted: September 21,2018

DOI: 10.26650/e0r.20197993

How to cite: Hergel CA, Acar YB, Ates M, Kiigtikeles N. In-vitro evaluation of the effects of insertion and
sterilization procedures on the mechanical and surface characteristics of mini screws. Eur Oral Res 2019;
53(1):25-31.

a Q0o
BY NC ND

This work is licensed under Creative
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

26

Hergel CA et al.

mini-implants designed for orthodontic anchorage. With
developments in design and material, the miniscrews have
become one of the most common skeletal anchorage devices,
owing to simple placement, patient comfort and immediate
loading capabilities. However, one important issue with
miniscrews is that they can become loose due to their non-
osseointegrated structure and immediate loading capability.
Therefore, the primary stability, the stability immediately after
insertion in bone, is crucial for the success of mini screws (5).

Miniscrews can be applied to almost every region of the
mouth and can be used for many kinds of mechanics (6,7).
As the application process is very easy and well accepted by
patients, clinicians can move miniscrews to different regions
of the mouth according to anchorage needs (8). Sterilization
and recycling of orthodontic materials such as stainless steel
braces or nickel titanium archwires have been documented
in orthodontic practice. Buckthal and Kusy reported that 52%
of clinicians recycle nickel-titanium wires to reduce the costs
of orthodontic treatment (9). Some studies have shown that
sterilization and recycling have no effect on the mechanical
properties of orthodontic wires or braces, while others have
shown mechanical or surface alterations (10-12). Like wires
and braces, the recycling of miniscrews, although not well
documented, is an issue in orthodontic practice.

In a survey carried out in Turkey in 2014, 41% of participants
replied that they were using miniscrews more than once (13).
Although the recycling and reuse of invasive materials may
create an ethical concern and should not be encouraged, re-
insertion of a miniscrew can be considered in the same patient

TOTAL

(especially in cases of early failure, they can be re-inserted
in a different location), if sterilization and previous insertion
processes do not create any alteration in mechanical properties.
Reports on this subject have shown conflicting results. Mattos et
al. (8) found that in used miniscrews, the resistance to torsional
forces was decreased and therefore the reuse of miniscrews
was not recommended. In contrast, Noorollahian et al. (14).
investigated insertion, removal and fracture torque differences
between used and non-used miniscrews and found that
insertion into bone and processing with 37% phosphoric acid
for 10 minutes and 5.25% sodium hypochlorite for 30 minutes
and re-sterilization with autoclave, had no adverse effects on
insertion, removal, and fracture torque values. Estelita et al. (15)
also demonstrated no change in torsional strengths of screws
that had undergone recycling protocols

The aim of this study was to investigate the effects of
insertion and sterilization on primary stability, mechanical and
surface characteristics of miniscrews via SEM analysis, torsion
tests, maximum insertion-removal torques and vertical-
horizontal pull out strength tests, and thus, to evaluate the
viability of reusing miniscrews.

Materials and methods

140 miniscrews from two different brands were used for
the study (70 DualTop G2, Jeil Medical, Seul, South Corea;
70 OrthoEasy, Forestadent, Pforzheim, Germany). Both
miniscrews were cylindrical in shape (DualTop miniscrews:1.6
x 8 mm; OrthoEasy miniscrews 1.7 x 8 mm). The miniscrews
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Figure 2. a) Sawbone artificial bone material; b) Sawbone embedded
in acrylic resin.

Figure 3. Cedar DID-05 digital torque-screwdriver.

were divided into 3 groups. Group 1 was the control group and
consisted of 10 miniscrews of each type. They were evaluated
as they were received, without any primary procedure and
without insertion into the sawbone. Groups 2 and 3 were
experimental groups, consisting of 30 miniscrews of each
type. Group 2 was inserted into the sawbone once, then
sterilized and tested. Group 3 was inserted into the sawbone
twice, sterilized after each insertion and then tested. The
same researcher repeated all the procedures 1 month later.
The contents and procedures of the groups are schematically
shown in Figure 1. Sawbone artificial bone material was used
for experiments (Sawbone Europe AB, Malmg, Sweden). A
short-fiber filled epoxy sheet (2mm thickness; representing
cortical bone) was attached to a 20-pcf (0.32 g/cm?®) cellular
rigid polyurethane foam block (10mm thickness; representing
cancellous bone) with 3M acrylate bond (Figure 2). For the
specimens to be compatible with the Instron machine, the
artificial bone material was divided into 1x1x2.2 cm sized
pieces and were embedded into acrylic resin under water-
cooling. The uniformity of the blocks was checked with a
water gauge and each sample was given a number. Retention
grooves were drilled on the epoxy sheet to preserve material
integrity during the tests.

Maximum insertion and removal torque measurements

Insertions of mini screws were performed using a Cedar
DID-05 digital torque screwdriver (Checkline Europe

Figure 4. a) Schimatzu AG-IC Instron machine; b) Vertical resistance test
mechanism of DualTop miniscrews.

Figure 5. a) Vertical resistance test mechanism of OrthoEasy minis-
crews; b) Horizontal resistance test mechanism.

GmbH&Co.KG, Gronau, Germany). To place the miniscrews
perpendicular to the artificial bone, a special apparatus
was used (Figure 3). With this apparatus, the angulation of
the torque-meter was fixed and could not be changed. The
torque-meter could only move vertically and rotate around
its axis. The miniscrews were inserted with the digital torque-
meter until a 1.2mm gap was left between the bone and the
head of the miniscrews and the peak values of torques were
recorded. Removal of 20 miniscrews from each group was
applied with the same screwdriver and peak values were
recorded.

Vertical and Horizontal Resistance Tests

Horizontal and vertical resistance tests were performed
using a Schimatzu AG-IC Instron machine (Schimatzu Co.,
Tokyo, Japan) (Figure 4a). For vertical resistance tests of
DualTop miniscrews, a 0.8mm round wire was passed through
the hole of the miniscrew (Figure 4b). For vertical resistance
tests of OrthoEasy miniscrews, a notched device was passed
under the head of the screw, since OrthoEasy miniscrews
do not have holes on the head (Figure 5a). For horizontal
resistance tests a knife-like device was applied to the heads
of the miniscrews (Figure 5b). The force value of 0.6mm
displacement of the head was recorded.
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Cleaning and sterilization

Miniscrews that were to be examined with SEM after
insertion into the sawbone, were first cleaned of debris with a
Codyson CD-3800A ultrasonic cleaner (Codyson Electrical Co.
Ltd., Shenzhen, China) for 30 minutes and rinsed. Cleaning
solution was prepared using 1lt distilled water and 5ml
Endozyme (Ruhof Co., Long Island, New York, USA). Then,
each miniscrew was packed separately, sterilized at 135°C for
10 min and dried for 55 min with Statim 7000 (SciCan Ltd.,
Toronto, Canada).

Scanning Electron Microscopy Examinations

Scanning electron microscopy examinations were
performed with JEOL JSM-5910LV(JEOL Ltd. Tokyo, Japan)
and Energy scatter spectrometer INCAx-sight 7274 (OXFORD
Industries, England) with 133-eV resolution. Images of 10
miniscrews (5 DT, 5 OE) from each group were taken at 20x,
40x, 100x, 200x, 500x, 1000x, 2000x, 5000x and 10000x
magnifications to examine surface modifications.

Fracture Torque Tests

To understand torsional strength differences between the
non-used and re-used miniscrews, fracture torque tests were
applied. A 10mm thick cortical bone layer of bovine femur
bone was used for these tests. The miniscrews were inserted
in the bones until breaking point. Peak torque value before
fracture was recorded.

Statistical Analysis

SPSS for Windows 15.0 (SPSS, Chicago, Ill) software was
used for statistical analyses. The Kolmogorov-Smirnov test

was used to evaluate normal distribution of data. To evaluate
intergroup parameters of normally distributed data, the
Student’s t test and One-way Anova test were used. To
evaluate intergroup parameters of non-normally distributed
data, the Kruskal Wallis and Mann Whitney U tests were used.
The group that caused the difference was identified with the
Mann Whitney U test. Pearson Correlation analysis was used
to evaluate the relationships of parameters. Data reliability
was assessed by intraclass correlation coefficient (ICC). The
results were evaluated at a statistical significance level of
p<0.05 and a 95% confidence interval.

Results

The insertion and removal torque values of Group 2 and 3
are shown in Table 1. The insertion torque values of Group 2
were significantly higher than those of Group 3. A decrease
was determined in the removal torque values of Group 3, but
this difference was not statistically significant.

The vertical and horizontal resistance values of Groups
2 and 3 are shown in Table 2. There was no statistically
significant difference in the vertical and horizontal resistance
values between Groups 2 and 3 in the DualTop miniscrews.
The vertical resistance value changes of Groups 2 and 3 in
the OrthoEasy miniscrews were also statistically insignificant,
but the horizontal resistance of Group 3 in the OrthoEasy
miniscrews was significantly higher than that of Group 2
OrthoEasy miniscrews.

The fracture torque values of all the groups are shown in
Table 3. There was no difference between the groups in
respect of fracture torque values.

SEM examinations showed noticeable wear in the used
miniscrews. (Figure 6,7) Wear was increased in Group 3. The
same operator repeated all the tests 1 month later. ICC was
found to be close to 1.00.

Table 1: Insertion and removal torque values (Ncm) for DualTop and OrthoEasy miniscrews in Group 2 and Group 3

Group Group llI
p
n MeanxSD n MeanxSD

InsertionTorque 30 26.98+0.68 30 26.57+0.47 0.011*
Dual Top

RemovalTorque 10 24.32+0.33 10 24.18+0.33 0.370

InsertionTorque 30 47.48+0.37 30 47.17+0.44 0.004**
OrthoEasy

RemovalTorque 10 32.28+0.33 10 32.17+0.40 0.511

Table 2: Vertical and horizontal resistance values (N) for DualTop and OrthoEasy miniscrews in Group 2 and Group 3

Group Il Group Il p
n MeanzSD n Mean+SD

Horizontal Resistance 10 518.05+67.15 9 529.90+26.07 0.626
Dual Top

Vertical Resistance 9 174.60+43.87 10 203.27+£14.58 0.092

Horizontal Resistance 9 591.32+99.55 10 589.06+47.28 0.952
OrthoEasy

Vertical Resistance 10 270.21+65.47 10 319.76+22.97 0.045*
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Table 3: Fracture torque values for DualTop and OrthoEasy
miniscrews according to the groups

Dual Top OrthoEasy
FractureTorque
n Mean=SD n MeanxSD
Group | 10 33.67+1.44 10 29.04+0.39
Group Il 10 33.73£1.11 10 29.11+0.41
Group Il 10 33.60+1.44 10 28.98+0.57
p 0.976 0.817
40X 100X 40X 100X

GROUP 1

GROUP 2

GROUP 3

DUAL TOP ORTHO EASY

Figure 6. SEM images (40x and 100x magnification).

200X 1000X 200X 1000X

GROUP 2 GROUP 1

GROUP 3

DUAL TOP

ORTHO EASY

Figure 7. SEM images (200x and 1000x magnification).

Discussion

Widespread usage of miniscrews has led to better treatment
results in critical anchorage cases. In some cases, changing
the miniscrew position may be necessary. The possibility of
recycling miniscrews would decrease treatment costs and
improve treatment results (14). However, there are ethical
considerations about the reuse of invasive medical materials
among different patients. Nevertheless, especially in cases of
early failure, re-insertion of the miniscrew in the same patient
may be an option if the materials do not have any structural and
functional changes (8). However, expected changes in tip and
threads may change the insertion performance of miniscrews
during re-insertion. The aim of this study was to assess the
impact of insertion and sterilization processes on primary
stability, mechanical and surface characteristics of miniscrews.

Primary stability is affected mainly by miniscrew design,
bone quality and insertion angle (16-18). To assess primary
stability, periotest, resonance frequency analysis, insertion
and removal torque measurements and pull-out strength
tests have been used in previous research (5,19,20). Periotest
and resonance frequency analysis often have low accuracy
and values for different screw types may not be comparable
(21).Insertion and removal torques and pull out strength tests
are the most common methods for assessment of primary
stability (18,22,23).

For in-vitro evaluation of primary stability of miniscrews,
various bone specimens, such as femurs or ribs of animals,
jaws of cadavers or artificial bone materials, have been
used previously (5,24-26). Artificial bone materials provide
uniform bone thickness and density. They have been used in
various studies that have aimed to understand the effects of
miniscrew design on primary stability, in order to eliminate
bone specimen differences (19,27). In the present study,
artificial bone material was preferred to standardize the
variables related to bone materials. Having a uniform cortical
bone thickness, bone density and a fixed vertical load and
direction were advantages in this study design.

Researchers have used several methods for the cleaning
process of miniscrews. Mattos et al. used ultrasonic cleaner
with an enzymatic detergent (Endozyme), Noorollahian
et al. used 37% phosphoric acid and sodium hypochlorite
solution and Estelita et al. used sandblasting with 90 um
Al,O5 particles prior to ultrasonic cleaning (8,14,15). In the
present study, there were no tissue remnants attached to
the miniscrews because artificial bone was used. However,
in order to simulate the cleaning process of used miniscrews,
ultrasonic cleaning with Endozyme was performed.

Many researchers investigating the effects of screw diameter
have reported that an increase in screw diameter increased
primary stability (5,28). In addition, lijima et al. showed that
miniscrews of smaller diameter were less resistant to torsional
forces (29). In the present study, miniscrews of similar diameters
were used. Surprisingly, the fracture torque values were found
to be lower in the OrthoEasy miniscrews. This could have been
due to the thinner inner diameter of the OrthoEasy miniscrews
and it was observed that fracture occurred at the thinnest part
of the middle third of the threaded region.

Many studieshave comparedthe primarystability of different
kinds of miniscrews, but few have evaluated the primary
stability of reused miniscrews. The insertion and removal
torque values of the OrthoEasy miniscrews were significantly
higher than those of DualTop miniscrews. Maximum insertion
torque values are created at the neck region of miniscrews.
The torque values of the OrthoEasy miniscrews were higher
because the neck region of OrthoEasy miniscrews are thicker.
The insertion torque values of the reused miniscrews were
lower than those of the new miniscrews. This finding could
be due to abrasion and smoothening of the surface that was
observed in SEM analysis. The mean removal torque values
of reused miniscrews were also decreased but the difference
was not statistically significant. No statistically significant
difference was determined in the resistance test results.
When all the parameters of primary stability were compared
together, it was concluded that the difference between the
twice-used and new miniscrews in respect of primary stability
was not significant.
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One of the most dangerous scenarios of miniscrew failure is
breakage of miniscrew during insertion or removal. Mattos et al.
found a statistically significant decrease in the fracture torque
values of the reused miniscrews and it was concluded that reuse
of miniscrews should not be recommended, although fracture
torque values were higher than the insertion torque values
suggested by Motoyoshi et al. (8,17). In contrast, Noorollahian
et al. and Estelita et al. found no difference between new and
reused miniscrews (14,15). The fracture torque values of the
present study were consistent with the findings of the studies
by Noorollahian et al. and Estelita et al.

Microscopic evaluation of reused miniscrews is crucial
for assessment of structural changes. Chatzigianni et al.
and Mattos et al. showed that there were no alterations in
material structure, such as corrosion, cracks or defects on
reused miniscrews (5,8). However, Mattos et al. observed
smoothening of threads, atrophy of the tip region and
scratches on reused miniscrews (8). In the present study,
the same alterations were observed in reused miniscrews. It
can be thought that alterations in the tip and threads would
change insertion performance of miniscrews during re-
insertion but these alterations made no significant difference
in the second insertion of the used miniscrews. However, the
decrease in insertion torque value was significant after the
second insertion.

Conclusion

Although wear and atrophy were seen in used miniscrews,
the overall primary stability and fracture torque resistance did
not show a significant change after the second insertion. It
should be kept in mind that there are ethical considerations
about the re-use of invasive medical materials among
different patients and this study evaluated in-vitro changes in
miniscrews up to the second re-insertion procedure. Within
the limits of this study, it can be concluded that miniscrews
can be re-inserted, especially in early failure cases, for a
second time without a significant change in their mechanical
and structural properties, but only if cleaning and sterilization
processes are applied methodically.
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Tiirkce 06z: Yerlestirme ve sterilizasyon islemlerinin minividalarin
mekanik ve yiizey Ozellikleri (lzerindeki etkilerinin in-vitro olarak
incelenmesi. Amag¢: Calismanin amaci, yerlestirme ve sterilizasyon

islemlerinin minividalarin mekanik ve yiizey ézellikleri (lizerindeki
etkilerinin incelenmesidir.Gere¢ ve yéntem: 140 minivida (70 Dual-
Top; 70 Ortho-Easy) 3 gruba ayrilmistir. Grup 1: kontrol grubu; her iki
markadan 10‘ar adet minivida herhangi bir islem uygulanmadan
incelenmistir. Grup 2 ve Grup 3: ¢calisma gruplari; her iki markadan
30‘ar minivida. Grup 2'de minividalar yapay kemik bloguna bir kez
yerlestirilip sterilize edilerek test edilmistir. Grup 3'de minividalar
yapay kemik bloguna iki kez yerlestirilip ¢ikarilmis; her yerlestirilme
sonrasi sterilizasyon islemleri yinelendikten sonra testler uygulanmustir.
Minividalar primer stabilite, mekanik o6zellikler ve yiizey &zellikleri
agisindan Taramali  Elektron Mikroskobu analizi, burulma testi,
maksimum yerlestirme ve ¢ikarma torku, yatay ve dikey cekme kuvveti
testleri ile degerlendirilmistir. Bulgular: Grup 1'in maksimum yerlestirme
tork degerleri Grup 2 ve 3%e gére anlamli sekilde yiiksek bulunmustur
(p<0.05). Ancak ¢ikarma torku, yatay ve dikey ¢ekme kuvveti ve
burulma direnci degerlerindeki degisim istatistiksel olarak anlamli
bulunmamustir. Taramali elektron mikroskobu analizinde, Grup 2 ve 3'te
minividalarin ézellikle apikal bélgelerinde asinma oldugu ve kaplamali
minividalarin oksit tabakasinin kismen kayboldugu gézlemlenmistir.
Sonug: Calisma grubu minividalarinin taramali elektron mikroskobu
analizinde asinma ve atrofi gézlenmesine ragmen mekanik testlerde
kontrol grubu ile arasinda anlamli bir fark bulunmamistir. Anahtar
kelimeler: minivida; ortodontik mini-implant; primer stabilite; taramali
elektron mikroskobu; sterilizasyon.
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