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Effects of repeated sterilization cycles on primary stability of

orthodontic mini-screws

Sercan Akyalcina; Holly P. McIverb; Jeryl D. Englishc; Joe C. Ontiverosd; Ron L. Galleranoe

ABSTRACT
Objective: To determine if repeated sterilization has deleterious effects on the clinical stability of
mini-screws.
Materials and Methods: Thirty each of the following mini-screws were tested: Aarhus (American
Orthodontics, Sheboygan, Wisc), VectorTAS (Ormco Corporation, Orange, Calif), Dual-Top (RMO,
Denver, Colo), and Ortho Anchor (KLS Martin, Jacksonville, Fla). Controls were sterilized once
using a steam autoclave (Statim 5000, SciCan USA, Canonsburg, Pa). Each group of mini-screws
was divided into three groups: the control (n 5 10) and two test groups (n 5 10, each). Test groups
were cycled five and 10 times respectively. All screws were inserted into custom-designed
synthetic blocks that simulated mandibular bone. Maximum insertion torque and lateral
displacement force data were recorded and subjected to statistical testing. Two-way analysis of
variance (ANOVA) and three-way mixed ANOVA were used for statistical analyses for maximum
insertion torque data and lateral displacement force data, respectively. Level of significance was
established at P , .05.
Results: Insertion torque values displayed significant differences between both of the groups and
sterilization cycles (P , .05). Significant differences were observed between American Aarhus
mini-screws and both RMO and KLS Martin mini-screws. Ormco Vector mini-screws also differed
significantly from the KLS Martin mini-screws in this comparison (P , .05). For lateral
displacement, there was a significant main effect of groups, F(1,36) 5 14.5 (P , .05). Significant
differences were observed between American Aarhus mini-screws and all three of the other groups
(P , .05).
Conclusions: The examined groups displayed statistical differences of variable quality that may
not affect their clinical stability. (Angle Orthod. 2013;83:674–679.)
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INTRODUCTION

The introduction of temporary anchorage devices
(TADs), including plates and screws, has helped to
solve one of the fundamental challenges encountered
by clinicians and has provided a system approaching
absolute anchorage during orthodontic movement of
teeth.1 In just the short period since their introduction,
mini-screws have been used in various applications
and orthodontic mechanic setups, such that the
possibilities for treatment of simple and complex cases
with their aid are virtually limitless.2–4 Eighty percent of
orthodontists in a recent survey5 reported that they had
at least one active case involving TADs in their
practice. With each new year this percentage is rising,
and as more and more orthodontists are beginning to
regularly incorporate the use of this innovative
technology into their practice, it is important to fully
understand their biomechanical properties, protocols
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for placement, and procedures for proper infection
control and sterilization. As is often the case with
technological advancements within orthodontics and
other medical fields, it is important to be cautious and
to remember that sometimes ‘‘The ‘state of the art’ is
[also] ‘clinician beware.’’’6 As a profession, it is
important that we continue to demand scientific rigor
and quality research in the further development of
skeletal anchorage devices.

Although some TAD products are being made
available as single-dose sterile packages, many still
remain as part of clinical kits with multiple screw
lengths and diameters or as single units that require
prior sterilization by the clinician. Exposure to non-
sterile conditions and or improper technique at place-
ment may occur. Thus, the mini-screws may need to
undergo further sterilization cycles. It is, however,
possible that the microstructure of the mini-screws
may be altered after one or more additional cycles, and
this in turn could affect their integration and stability
during use. Whether or not mini-screws should be
regularly exposed to sterilization cycles and packaged
in single kits or in clinical kits with multiple screws is
currently a characteristic of these products that
appears to be based largely on manufacturer prefer-
ence and past precedence. With more and more
options from myriad manufacturers and marketers of
mini-screws, it is important that orthodontists have a
clear understanding of what is behind the various
packaging materials, sterilization, and placement
protocol recommendations. Such an understanding
will better allow for prudent clinical practice based on
sound, unbiased research rather than simple adher-
ence to untested norms and preferences.

Ample data exist in the literature regarding the
effects of sterilization on other orthodontic products,
such as nickel-titanium archwires and various pliers,
yet there are a lack of data in regard to sterilization
effects on titanium alloy mini-screws and subsequent
changes in their mechanical properties and clinical
function.7–11 Previous studies12–15 have established the
use of insertion torque and lateral displacement from
applied forces as reliable parameters for stability
measurement with regard to mini-screws. This study
will focus on the use of those parameters in order to
compare the effects of sterilization based on mini-
screw stability. In doing so, we hope to provide the
clinician with valuable information on the number of
times a mini-screw or similar temporary anchorage
device may be sterilized safely and successfully, while
also ensuring maximum cost benefit and efficiency to
the orthodontic practice. We aimed to test the null
hypothesis that there is no difference in the stability of
mini-screws following a number of sterilization appli-
cations.

MATERIALS AND METHODS

The following four popular groups of mini-screws
were chosen for this study based on similarities in
titanium alloy composition, size, shape (cylindrical),
and diameter:

N Vector TAS (Ormco Corporation, Orange, Calif);
1.4 mm in diameter and 8 mm long;

N Aarhus (American Orthodontics, Sheboygan, Wisc);
1.5 mm in diameter and 8 mm long;

N Dual-Top (RMO, Denver, Colo); 1.4 mm in diameter
and 8 mm long; and

N Ortho Anchor (KLS Martin, Jacksonville, Fla); 1.5 mm
in diameter and 8 mm long.

Thirty mini-screws per group were divided into
groups of 10 each. Within each group, a control group
was exposed to one cycle of sterilization and com-
pared with two experimental groups that were exposed
to five and 10 cycles of sterilization, respectively. The
mini-screws were placed into metal cartridges de-
signed specifically for the sterilization of mini-screws of
their size and diameter. All groups were sterilized
according to the American Dental Association recom-
mendations for critical instruments using steam ster-
ilization in sealed bags with the Statim 5000 autoclave
system (SciCan USA, Canonsburg, Pa). Cycles were
performed at 132u for 6 minutes. Chemical and
biological indicator tests were included to insure proper
sterilization using systems in place at the University of
Texas at Houston School of Dentistry.

Poststerilization, all mini-screws were inserted into
synthetic bone samples to obtain maximum insertion
torque readings. A random sequence generator was
used to determine the order of insertion of the mini-
screw groups to avoid bias. The synthetic bone was
custom made for the study to simulate the density and
physical properties of alveolar cancellous and cortical
bone and was manufactured specifically for this study
by Sawbones Worldwide (Vashon, Wash). Each
biomechanical test block had a simulated cortical bone
thickness of 1.5 mm (0.48 g/cc), with the remaining
18.5 mm (0.16 g/cc) of height simulated for cancellous
bone. Compressive, tensile, and shear strength for the
cortical bone layer were 18, 12, and 7.6 MPa,
respectively, and for the cancellous bone layer these
values were 2.2, 2.1, and 1.6 MPa, respectively.
Corresponding driver attachments from the individual
manufacturers were inserted into the chuck of an
Imada HTG-2 Torque Wrench (Northbrook, Ill). All
mini-screws were inserted by a single operator at a 90u
angle to the synthetic bone for uniformity. Data were
recorded for maximum insertion torque for the individ-
ual mini-screws using the peak mode setting of the
torque wrench. The operator was blinded to these data
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during insertion of the mini-screws, and a separate
researcher recorded readings at the time of insertion.

All samples were then sectioned and mounted in
acrylic bases to be used in the next portion of the
experiment. Instron Model 4655 (Norwood, Mass)
technology was then used to apply uniform compression
force perpendicular to the mini-screws to investigate
stability based on lateral displacement within the synthetic
bone (Figure 1). Preset levels of displacement were set at
0.025, 0.05, 0.1, 0.5, and 1.0 mm, and data were
produced using Instron software for the amount of force in
milligrams recorded at each level of displacement.

Statistical Analysis

A preliminary study indicated that the sample size
should include a total of 118 mini-screws in order to
have 80% power with an alpha (P-value) equal to .05,
an effect size of 0.35, and a numerator of df equal to 6
in order to find significant differences between the
groups. Upon the laboratory testing, data were
converted using Log10 transformation using SPSS

Version 20 (SPSS Inc, Chicago, Ill). Two-way analysis
of variance (ANOVA) and three-way mixed ANOVA
were used for statistical analyses for maximum
insertion torque data and lateral displacement force
data, respectively. Level of significance was estab-
lished at P , .05. Post hoc Bonferroni comparisons
were performed for multiple comparisons.

RESULTS

The descriptive statistics for maximum insertion
torque are presented in Table 1. Two-way ANOVA
analysis (Table 2) indicated significant differences
between the four groups and the three sterilization
cycles (P , .05). Statistical variation between the
groups may be attributed to the fabrication differences
between the brands. However, group and cycle
interaction also was significant (P , .05). This actually
means that the effect of repeated sterilization cycles
on maximum insertion torque was different between
the investigated groups. Post hoc comparisons for the
four groups are shown in Table 3. Significant differ-
ences were observed between American Aarhus mini-
screws and both RMO and KLS Martin mini-screws.
Ormco Vector mini-screws also differed significantly
from the KLS Martin mini-screws in this comparison
(P , .05). Post hoc comparisons for the different
cycles are shown in Table 4. Significant differences
were noted between one and 10 sterilization cycles as
well as between five and 10 sterilization cycles (P , .05).

The descriptive statistics for lateral displacement
data are presented in Table 5. Three-way mixed

Figure 1. Application of uniform compression force perpendicular to

the mini-screws by Instron Model 4465 (Norwood, Mass).

Table 1. Descriptive Statistics of the Maximum Insertion Torque at

One, Five, and 10 Sterilization Cycles for All Four Tested Brandsa

Group Cycle Mean, Ncm SD

RMO 1 5.5 0.5

5 5.2 0.6

10 5.3 0.9

Ormco 1 4.1 0.4

5 4.6 0.3

10 6.4 0.4

KLS Martin 1 5.7 1.4

5 5.7 0.7

10 6.6 1.0

American 1 5.1 0.8

5 3.9 0.4

10 5.1 0.6

a SD indicates standard deviation.

Table 2. Analysis of Variance of the Maximum Insertion

Torque Data

Source

Sum of

Squares

Degrees of

Freedom

Mean

Square F P

Group 0.196 3 0.065 18.029 ,.001

Cycle 0.136 2 0.068 18.740 ,.001

Group 3 cycle 0.179 6 0.030 8.241 ,.001
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ANOVA (Table 6) indicated a significant main effect of
groups, F(1,36) 5 14.5 (P , .05). This variability may
potentially be due to the brand-specific differences
between the groups since sterilization cycle as a main
effect was not significant. Furthermore, none of the
interactions that included ‘cycle’ as an effect revealed
any significant differences. Taken altogether, these
findings indicate that the number of sterilizations did
not significantly alter lateral displacement force values
of mini-screws. Post hoc comparisons for the four
groups are presented in Table 7. Significant differenc-
es were observed between American Aarhus mini-
screws and all three other groups (P , .05).

DISCUSSION

Repeated cycles of sterilization altered the surface
characteristics of the mini-screws, as evidenced by the
significant changes in their maximum insertion torque.
However, sterilization cycle as a main effect did not
significantly affect lateral displacement force values.
Furthermore, a thorough evaluation of the findings
observed in this laboratory study did not indicate major
structural damage to the mini-screws that may actually

affect their clinical stability and consistency as they are
sterilized up to 10 cycles.

Maximum Insertion Torque

It has been suggested16–19 that maximum insertion
torque can be used as a reliable parameter to
determine whether primary mini-screw stability can
be achieved. In 2006 Motoyoshi et al.20 tried to
determine an ideal range for placement torque that
would yield improved mini-screw success rates. This
study demonstrated that implants placed with maxi-
mum insertion torques ranging from 5 Ncm to 10 Ncm
were significantly higher than those placed above or
below that range.20 A follow-up study21 performed in
2007 by the same group found that mini-screws placed
with torques between 8 Ncm and 10 Ncm achieved
100% success rates clinically. Although statistical
differences were observed for maximum insertion
torque both between groups and between cycles in
our study, our results showed that maximum insertion
torque values did not deteriorate after repeated
sterilization cycles. In fact, in the Vector and KLS
Martin groups mean maximum insertion torque values
actually increased from 4.11 Ncm to 6.42 Ncm and
from 5.79 Ncm to 6.67 Ncm, respectively (Table 1).
Recently, McManus13 found that in vitro, the anchorage
resistance offered by mini-screws placed with higher
maximum insertion torque was, on average, greater
than the anchorage resistance offered by mini-screws

Table 3. Bonferroni Post Hoc Multiple Comparisons Test of the

Maximum Insertion Torque Between the Groups

Group

Groups in

Comparison Mean Difference P

RMO Ormco .032 .242

KLS Martin .049 .013

American .060 .001

Ormco RMO .032 .242

KLS Martin .081 ,.001

American .027 .490

KLS Martin RMO .049 .013

Ormco .081 ,.001

American .109 ,.001

American RMO .060 .001

Ormco .027 .490

KLS Martin .109 ,.001

Table 4. Bonferroni Post Hoc Multiple Comparisons Test of the

Maximum Insertion Torque Between the Cycles

Cycle Cycles in Comparison Mean Difference P

1 5 .02 .438

10 .05 ,.001

5 1 .02 .438

10 .07 ,.001

10 1 .05 ,.001

5 .07 ,.001

Table 5. Descriptive Statistics of the Lateral Displacement Force at Preset Displacement Distances for All Groupsa

Group Cycle

0.025 mm 0.05 mm 0.1 mm 0.25 mm 0.5 mm 1.0 mm

Mean, g SD Mean, g SD Mean, g SD Mean, g SD Mean, g SD Mean, g SD

RMO 1 433.3 211.3 368.2 288.5 1900.3 545.2 3955.5 1245.2 6332.7 633.9 7325.4 360.5

5 356.3 228.0 953.6 357.4 1940.5 702.9 3893.3 1355.3 5939.9 1486.3 7347.4 742.0

10 337.7 257.2 995.9 301.6 2175.6 674.8 4494.3 1577.3 6376.8 1537.8 7615.4 684.1

Ormco 1 349.4 250.1 877.0 289.8 1739.7 399.4 3739.3 839.0 6667.9 730.2 7859.2 536.1

5 302.2 259.6 829.6 358.6 1818.6 575.1 3942.1 1097.6 6988.6 640.2 8117.3 583.6

10 351.3 219.2 898.6 205.0 1680.5 473.8 3807.1 1017.5 7486.2 1508.9 9848.4 694.3

KLS Martin 1 297.3 246.9 909.7 357.4 2002.0 527.6 4128.0 972.3 6588.2 909.0 7552.0 600.5

5 155.2 155.7 639.5 241.0 1315.6 552.7 3387.5 1432.3 5292.7 2309.0 7234.9 680.8

10 338.2 247.5 865.2 408.6 1689.7 861.4 3530.9 1942.3 6141.3 2735.7 8694.1 1012.9

American 1 113.0 114.9 431.1 138.3 979.7 376.7 1913.8 1017.5 3442.9 1492.8 5910.5 1003.3

5 134.7 120.4 518.9 115.2 1238.1 362.6 2675.1 882.9 4457.4 970.2 5600.0 469.4

10 185.7 179.9 609.5 259.5 1373.0 394.4 2931.6 808.0 5307.7 667.6 6636.1 657.6

a SD indicates standard deviation.
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placed at lower maximum insertion torque. This finding
simply indicates that repeated cycles of sterilization do
not affect the maximum insertion torque values of mini-
screws negatively and may, rather, have a positive
outcome.

Lateral Displacement Force

Studies have shown that the forces used to move
teeth can range from approximately 0.3 to 0.4 Newtons
depending on the tooth movement desired. As a result,
the force applied to an individual mini-screw will vary
based on differing treatment choices.22 Systematic
review of mini-screw loading times has shown that
forces ranging from 150 to 500 g applied immediately
postinsertion have been used successfully in treat-
ment.23 All mean values observed for lateral displace-
ment force in this study ranged from 113 g at .0025 mm
to 9848 g at 1.0 mm, representing forces far above the
clinical norms for applied forces with orthodontic
appliances. This would indicate that although there is
the potential for displacement because of the fact that
mini-screws are not designed or intended for osseoin-
tegration, it would take forces in substantial excess of
the clinical standard of care to displace the mini-
screws a clinically significant distance, independent of
the sterilization cycle number or brand design.1

Furthermore, the results of our study concur with
those of previous sterilization studies10,11,24 performed
for other orthodontic materials, such as nickel-titanium

and beta-titanium wires, which demonstrated no
deleterious effects on most biomechanical properties
post–autoclave sterilization. The results of our study
also reflect the conclusion made by Adelson et al.25

that multiple cycles of sterilization—up to 50 times in
their study—had no clinically significant effect on the
titanium plates and screws under investigation.

The main weakness of our study is that it was
carried out in the laboratory setting and thus cannot be
directly translated into a purely clinical context.
However, the advantage of the study in a lab setting
was that many variables could be controlled and made
uniform for the most accurate assessment of results.
Although up to 10 cycles of sterilization may not
frequently occur in practice, our study was able to
demonstrate that the mini-screws can confidently be
sterilized multiple times without compromising their
overall stability. Further research is needed to evaluate
possible microstructural effects of autoclave steriliza-
tion on mini-screws. Despite the fact that mechanical
properties were not negatively affected from a clinical
standpoint, it would be useful to see if changes such as
deleterious effects on thread sharpness and angula-
tion or the presence of chemical or corrosive buildup
between threads could be observed following repeated
sterilization cycles from a microscopic view.

CONCLUSIONS

N It is evident from our findings that brand-specific
differences exist between mini-screw groups.

N However, statistical variability in maximum insertion
torque and lateral displacement force of the investi-
gated mini-screws when they were sterilized up to 10
times indicate that sterilization bears no clinical
relevance to stability.
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