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ABSTRACT
Retrieving mini-screw reduces treatment cost. However, one notable factor in this issue could be insertion
angle. This study evaluates influence of insertion angles (50 and 90) and reusing procedure on mechanical
properties of mini-screws. In this in-vitro experimental study mini-screws were inserted with 90 and 50
angles in initial and second application. Mechanical properties were measured by Maximum insertion,
removal and fracture torque of all test and control groups. Data were analyzed with T test, Paired T- test
and ANOVA. In addition surface morphology of mini-screw after initial insertion with 90 and 50 angles and
as-received mini-screw were examined under scanning electron microscope (SEM). Mini-screws with 50
degree insertion angle showed higher insertion and removal torque values in initial application than 90 does
(p<0.001). These measures were changed insignificantly between initial and second application for samples
which were inserted with 90 degree for both application sections. The difference of maximum fracture
torque in retrieved and controlled groups was insignificant as well. Scanning electron microscope showed no
gross surface changes in retrieved mini-screws, but surface roughness was observed which were highest in
samples with 50 degree insertion angles. Reusing mini-screws with 90 degree insertion angle has no adverse
effect on their mechanical properties. In addition the reduction of mechanical properties of retrieved miniscrews which were inserted with fifty degree placement angle for both application sections however is
acceptable for clinical setting.
Keywords: Insertion angle, Mini-screw, Insertion torque, Removal torque, Fracture torque, Reuse,
Surface morphology.
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INTRODUCTION
One of the most critical issues in orthodontic
treatment is anchorage preparation [1]. Using
mini-screws to provide skeletal anchorage has
several advantages such as versatility, minimal
surgical invasiveness, low cost, and possibility of
immediate loading [2,3]. Obtaining primary
stability as an important factor for mini-screws’
maintenance depends on shape, length,
diameter of mini-screw, bone thickness and
direction of insertion [4]. Min et al. [5] and
Deguchi et al. [6] found out that oblique
insertion of mini-screws increases cortical bone

seventy degree of insertion angles showed the
highest initial stability. In regards to
expensiveness
of
orthodontic
treatment
appliances, reusing mini-screws has been
considered in several studies [8-12]. Although
sterilization procedure is essential for retrieving
mini-screws, it has no significant effect on miniscrews’ mechanical properties even after several
cycles [13-15]. In addition, controversies exist in
literature about mechanical strength of
retrieved mini-screws [8-11]. Noorollahian et al.
[9] reported no significant difference between
insertions, removal and fracture torque of asreceived and retrieved mini-screws [10].
Similarly, Estelita et al. [8] affirmed that
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retrieving mini-screws have no adverse effect on
their fractural strength. However, Mattosl et al.
[13] showed retrieved mini-screw implants
have less sharp tip, smooth threads, and less
fracture torque resistance. On the other hand,
previous studies tested mechanical strength of
retrieved
mini-screws
in
perpendicular
placement; [8-10] however, the effect of oblique
insertion angles of reused mini-screws was not
studied. Therefore, this study aimed to evaluate
the mechanical properties of mini-screws in
initial and second application with fifty and
ninety degree of insertion angles.

were reinserted with 90 (group 90-90) and 50
degrees (group 90-50) into 3 mm thick
polycarbonate plate. Similarly, mini-screws with
50 initial insertion angles were reinserted with
90 (group 50-90) and 50 degree (group 50-50)
into 3 mm thick polycarbonate plate as well.
Each subgroup contains 10 mini-screws.
Maximum Insertion and Removal Torque (MIT2
and MRT2) in second application were recorded.
Finally, all test and control groups were derived
into polycarbonate plate with 8 mm thickness to
evaluate maximum fracture torque (MFT) of
mini-screws.

MATERIALS AND METHODS

Mechanical properties
Maximum Insertion Torque (MIT) and
Maximum Removal Torque (MRT) were
recorded. These measures have been suggested
as a well indicator for evaluating initial stability
[3, 14-17]. In addition, Maximum Fracture
Torque (MFT) was calculated as a good index for
assessing structural integrity. Several studies
also recommended this measure [8, 11, 15, 18].
For evaluating surface morphology of miniscrews under Scanning Electron Microscope
(KYKY manufacture, EM 3200 model), nine miniscrews were divided in three equal groups
randomly. One control and the other samples
were inserted into 3mm thick polycarbonate
plate with 90(group 1) and 50(group2) degrees
insertion angle, respectively. Driving speed and
retrieving process has been proved similar to
torque testing samples. All mini screws were
gold coated & their surface were examined
under scanning Electron microscope. To make
the study blind all data were recorded by a
person who was not participant in this
experiment
Data
were
analyzed
with
independent T- test, Paired T- test & Repeated
measuring ANOVA using the SPSS software
package (Version 21). Significance was set
at<0.05.
RESULTS

Sample
It was an in-vitro experimental study. We
served 59 mini-screws (Jeil Medical corporation,
Seoul, Korea) with 1.4mm diameter and 8 mm
length. 50 mini-screws were used for torque
testing and 9 for evaluating surface morphology
under scanning electron microscope (SEM). We
divided 50 mini-screws into two tests and one
control groups. Each test groups contain 20
mini-screws which were inserted with 90
(group 90) and 50 (group 50) degree insertion
angles into polycarbonate plate with 3 mm
thickness respectively. Milling machine (Jamco,
CM6241, 2010, China) with 45 rounds per
minute driving speed served for inserting all
samples. Mini-screws were placed with a custom
made mini screwdriver on imada Did-4 torque
tester (Imada Inc, Northbrook IL, USA) then
maximum insertion and removal torque in
initial application (MIT1 and MRT1) were
recorded by torque tester (Figure 1).
Retrieving process
In order to provide laboratory process similar to
clinical situation, all removed mini-screws were
irrigated with normal saline, dried, and coated
with phosphoric acid (H3PO4) 37% gel
(Ultradent product Inc, south Jordan, Utah), then
immerged in 1ml of the same acid for ten
minutes. Following, they were irrigated, dried
and immerged in 10 ml 5.25% sodium
hypochlorite (NaOCl, Sehat, Iran) for 30 minutes.
Finally, they were irrigated, dried, and
autoclaved at 121° C and 18 psi for 20 minutes.
This process was recommended as an efficient
cleaning procedure in clinical settings without
adverse effect [9].
Second application
In order to find the effect of placement angle on
initial stability of reused mini-screws, miniscrews with 90degree initial insertion angle

The mean amount of maximum insertion and
removal torque in initial application were
significantly higher in 50-degree insertion angle
than 90 (p<0.001) (Table 1). The mean amount
of maximum insertion and removal torque were
changed between initial and second application
in each test groups, however, this pattern for
MIT (P=0.23) and MRT (p=0.06) were nonsignificant in group 90-90 (Figure2, and Figure
3).
The mean maximum fracture torque after
second application in group 90-90, 90-50, 50-50,
50-90, and MFT in control were (37.2 ± 5.3),
(39.6 ± 6.2), (35.9 ± 6.2), (41.1 ±3.8), (38.4 ±6.1),
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and (38.4±5.7) respectively while the difference
was not significant (p=0.29). Figure 4 illustrates
surface morphology of as-received and retrieved
mini-screws (group1 and 2). Group 1 and 2
showed extra surface roughness in comparison
with control group, while group 2 displayed the

highest surface roughness. The SEM exhibited
no kind of major surface changes such as cracks
and pores in retrieved mini-screws. Retrieved
mini-screws showed some scratches and
bevelled edge which was highest in group 2.

Figure 1. Mini-screw was placed by a custom made screw driver on Imada torque tester which was clasp in milling
machine. With rotational movement of milling machine mini-screw was inserted to polycarbonate plate, and Imada torque
tester showed torque values.

Table 1. Mean of the Maximum Insertion Torque (MIT1) and the Maximum Removal Torque(MRT1) in initial application

MIT1
MRT1

90(n=20) Mean ±SD 50(n=20) Mean ±SD
9.275 ± 1.07
12.220 ± 1.23
12.535 ± 2.12
20.470 ± 2.99
Measurement unit= Ncm

P Value
<0.001
<0.001

Figure 2. Mean of the Maximum Torque in initial and second insertion (MIT1 and MIT2) in all test groups

Figure 3. Mean of the Maximum Removal Torque in initial and second application ( MRT1 and MRT2) in all test groups
Surface morphology of the
Surface morphology of thread/
Surface morphology of thread/
tip/Magnification at 100×
Magnification at 500×
Magnification at 1000×
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As-received
mini-screw

Mini-screw
with 90
degree
insertion
angle

Mini-screw
with 50
degree
insertion
angle

Figure 4. Scanning electron microscope micrographs of surface morphology of the mini-screw s tip and threads

DISCUSSION
Study results indicated that previous placement
with different insertion angles, processing
methods, and sterilization with autoclave was
ineffective on fracture torque of mini-screws.
Similarly Noorollahian et al. [9,10] found no
significant difference between fracture torque of
as-received and retrieved mini-screw. Estelita et
al. [8] also agreed that fractural strength of
mini-screws were not influenced by different
recycling
protocol
such
as
autoclave
sterilization, sonication
or
sandblasting.
Differing from it, Mattosl et al. [11] revealed
fracture torque resistance of retrieved miniscrews were reduced in comparison with new
ones; however, their fracture torque records
was higher than the recommended insertion and
removal torque by Motoyoshi et al. [19].
Previous studies have been made evident that
inclined mini-screws have more primary
stability [3,7,20,21]. Similarly, our findings
revealed initial placement of mini-screws with
50 degree insertion angle results to higher
amount of maximum insertion and removal
torque rather than perpendicular placement
(p<0.001). This may be due to increasing
cortical bone contact with surface of mini-screw
in oblique placement [5,6]. Concerning to the
Wilmes et al. [3] and Xu et al. [7] studies, we
inserted mini-screws with 50 degree placement
angle because it is the greatest oblique insertion
angle with the highest initial stability. Our study

data demonstrated when fifty degree insertion
angle served for first and second application, the
maximum insertion and removal torque
between two phases were lessen significantly.
Although this reduction may cause lower
stability, it is not less than recommended
insertion torque [19]. On the other hand, when
insertion angle in first and second application
was ninety degree, the maximum insertion and
removal torque between two phases were
changed insignificantly. Noorollahian et al. [9]
and Defino et al. [17] revealed no significant
difference between insertion and removal
torque of new and retrieved mini-screws in
perpendicular insertion as well. Major reduction
however has been reported after third
application [10,17]. These results proposed
using mini-screws perpendicularly for at least
two times has no harmful mechanical strength
effects. In addition, samples with fifty degree
insertion angle showed highest scratches on
scanning
electron
microscope
microphotograph, which can be explained by
increasing surface contact of mini-screw with
plate during insertion and removal. Regarding
no major surface defect, these findings advocate
reusing mini-screws as well. In similar, Mattosl
et al. [11] and Iijima et al.[22] found no gross
defect , pores , thread striping and tip fracture or
any sign of corrosion on retrieved mini-screws.
Smoother threads, surface adsorption, and
surface corrosion of mini screws however have
been reported as a result of surface contact of
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mini-screws with biological fluid [18]. In
consistent with previous studies polycarbonate
plate served for inserting mini-screws which has
mechanical properties similar to natural bone
and provides equal density and thicknesses in
all sites [9, 20, 23]. Using milling machine for
placing mini-screws increased the test’s
reliability such as equal rotational speed and
insertion angle.
This study however limits to laboratory
conditions. In clinical application multiple factor
could influence on mini-screws’ characteristics
such as insertion sites in mouth and duration of
remaining mini-screw in bone. Further
researches are needed to examine effect of other
factors on possibility of reusing mini-screws and
biocompatibility of retrieved ones.
CONCLUSION
Using mini-screws perpendicularly for at least
two times has no harmful mechanical strength
effects. Although, maximum insertion and
removal torque of retrieved mini-screws with
fifty degree insertion angle in first and second
application were reduced significantly, but this
reduction may not have adverse effect on
clinical application.
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