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these situations be studied to answer the question of whether mini-
implants can be re-used or not.

Therefore, the objective of this study was to compare as-received, 
sterilized and retrieved mini-implants as to their surface topography 
and fracture torque resistance in order to evaluate the mechanical risks 
of re-using orthodontic mini-implants after sterilization.

2. Materials and Methods

All mini-implants in this study were of the same type and from 
the same manufacturer (SIN, São Paulo, Brazil), self-drilling, made 
from Ti6Al4V alloy and with a diameter of 1.4 mm and a thread 
length of 8 mm. 

Forty mini-implants from a single manufacturing lot were 
purchased from the manufacturer. Twenty mini-implants were 
submitted to a sterilization process in a dental steam autoclave 
(STERMAX, Pinhais, Brazil). The autoclave fulfilled the requirements 
of the British Stardards Institution ISO 9001:2000. Its efficacy was 
previously tested by a biological indicator test (Clean Test 10, 
SIEGER, Campo Mourão, Brazil). Each mini-implant was inserted in 
an individual auto-sealing envelope (ZERMATT, São Paulo, Brazil) 
and all mini-implants were then submitted to one sterilizing cycle 
of 30 minutes at 121 °C, according to the recommendations of the 
manufacturer of the autoclave. The other 20 mini-implants served 
as a control group and were analyzed and tested as received from 
the manufacturer.

1. Introduction

Mini-implants have been used for over a decade now since their 
introduction in Orthodontics as a skeletal anchorage system. They 
are an important aid in anchorage control and a determinant factor for 
success in orthodontic treatment. Their popularity is due especially 
to their simple placement with less traumatic surgery, less discomfort 
for patients, possibility of immediate loading and high versatility1-7. 

Biomaterials may be used for temporary purposes in the body, 
like coverscrews for dental implants, wires or fracture fixation plates8. 
The mini-implants are included in this category, as they are removed 
once they are of no further assistance in the orthodontic treatment. 
After removal of temporary devices, the recovered devices are usually 
discarded. However, economic factors have caused some clinicians to 
re-use implants or other medical devices that are meant to be disposable, 
like pacemakers, intra-aortic balloons, haemodialysis membranes, 
coronary angioplasty catheters and orthodontic brackets and wires8-10. 
In case of re-use, it is mandatory to ensure the sterility and mechanical 
qualities of the device11. Not all implants can be re-used, but metal 
implants, like those made from titanium may be more amenable to 
re-use because they can be mechanically and chemically cleaned and 
re-sterilized with potentially little or no loss of form or function8.

One study investigated the characterization of retrieved 
orthodontic mini-implants by optical microscopy, Scanning 
Electron Microscopy (SEM), X-ray microtomography and X-ray 
microanalysis12, but no studies have assessed re-use of mini-implants. 
As previous use, cleaning and sterilization may contribute to changes 
in surface topography and mechanical resistance, it is important that 
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Thirty mini-implants were retrieved from 19 patients after 
successful service of 5 to 18 months (mean 9.73 months), with no 
signs of failure such as peri-implant soft-tissue inflammation and 
implant mobility or premature loss. Written informed consent was 
obtained from all patients and the research was approved by a local 
Ethics Committee. The mini-implants were removed by application of 
counterclockwise torquing load with a specially designed screwdriver 
provided by the manufacturer. After removal, each mini-implant was 
stored, completely immersed in distilled water, in a sterile pot used 
for laboratorial exams.

The mini-implants were divided into three groups, according to 
their condition – as-received (control), autoclaved or retrieved. The 
characteristics of each group are described in Table 1. 

Before being analyzed in the scanning electron microscope, the 
specimens from the retrieved group were submitted to a cleaning cycle 
of 30 minutes in an ultrasonic washer (Maxiclean 1400A, Unique, 
Indaiatuba, Brazil), completely immersed in enzymatic detergent 
(Endozyme, DFL, Rio de Janeiro, Brazil) so that organic debris could 
be removed and the surface topography of the mini-implants could 
be fully observed in the microscope.

The mini-implants were mounted on aluminum supporting discs 
using double carbon sided tape. Surface effects were analyzed by SEM 
at 20 kV (JEOL LSM-5800, Tokyo, Japan). Each mini-implant was 
examined for signs of corrosion, changes in morphology and surface 
alterations at various magnifications. Special attention was given to 
the thread and sharp tip of mini-implants, observed at 100×, 250× 
and 500× magnifications. Digital images were acquired by SEM.

Fracture torque testing was carried out by inserting a mini-implant 
into 9 mm thick cortical bone obtained from the femur of country 
pigs. Four bone segments were prepared so as to fit the device used 
in the test. A raster of 10 implantation sites with a minimum distance 
of 4 mm from each other was marked on the bone segments and 
pilot drilling was done using a 1.0 mm diameter drill (SIN, São 
Paulo, Brazil). A digital torque gauge (TQ-680, Instrutherm, São 
Paulo, Brazil) was perpendicularly positioned to the bone surface by 
using a device specially prepared for such a purpose (Figure 1). This 
torque test setup methodology was used before by Pithon et al.13, thus 
allowing the mini-implants to be correctly inserted manually and the 
fracture torque to be measured. Also, this device allowed the digital 
torque gauge to approximate as the mini-implant was inserted into 
the bone cortical in addition to avoid lateral movements, which might 
result in bascular fracture. The maximum torque reached before 
fracture of the mini-implant was recorded in Ncm.

Data from all groups were analyzed with the SPSS statistical 
software for Windows (vs. 14.0, Chicago, IL, USA). Statistical 
descriptive analysis, including mean, standard deviation, median, 
minimum and maximum values, was calculated. The normality 
and equality of variance of data were checked by the Kolmogorov-
Smirnov test. Results were statistically analyzed using one-way 
ANOVA with the Tukey HSD post-hoc test to detect differences 
among groups. A P-value of < 0.05 was accepted as statistically 
significant. 

3. Results

Figure 2 shows the surface morphology at 100× magnification 
of the tip of a retrieved mini-implant showing a less sharp tip and 
smooth surface.

Figure 3 shows the surface morphology at 250× magnification of 
an as-received, an autoclaved and a retrieved mini-implant visualized 
in SEM. The photomicrographs clearly show grooves due to the 
machining process. No defects in the form of pores or cracks and no 
image suggestive of corrosion could be identified in the autoclaved 
and retrieved mini-implants as compared to the as-received one. The 
retrieved mini-implant shows a smoother surface on the threads and 
scratch marks on the tip, when compared to the as-received and the 
autoclaved mini-implants.

Table 1. Characterization of mini-implants groups tested.

Group Type SEM Fracture 
torque test

Diameter
(mm)

Thread length
(mm)

A Autoclaved 10 10 1.4 8

C
Control  

(as-received)
10 10 1.4 8

R Retrieved 10 20 1.4 8

Figure 1. Photograph of the fracture test device showing a digital torque 
gauge attached to it and bone segment positioned.

Figure 2. SEM photomicrograph of the surface morphology of the tip of a 
retrieved mini-implant (used for 12 months). Original magnification at 100×. 
The highlighted portion is the part comparable to the mini-implants in Figure 3.
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Descriptive statistics for the fracture torque test are described 
in Table 2. Comparison between groups highlighted a statistical 
significant difference in the fracture torque only between the as-
received and the retrieved groups (Table 3). A comparison of all 
groups is shown in Figure 4. The group of retrieved mini-implants 
showed the highest range of torque values.

4. Discussion

Many times during the orthodontic treatment, when a mini-
implant fails, the reinstallation of a new one may be required, 
either in the same area after 4 to 6 weeks or in an adjacent area 
immediately14. Relocation of mini-implants to a better position may 
also be necessary in other clinical situations15, like when their function 
is limited by the proximity with a root and their use is still required in 
orthodontic mechanics. The insertion of a new mini-implant causes 
little discomfort and is usually well accepted by patients16.

There are ethical considerations about the re-use of invasive 
medical devices in different patients despite cost benefits, but they 
may be used again in the same patient17 if their structural integrity 
and mechanical properties are not altered after their prior use and 
sterilization. That means mini-implants could be re-used in the same 
patient if their properties prove to remain unaltered.

Additionally, it is important to test the effects of autoclave 
sterilization on mini-implants because they may be contaminated 
before its insertion in the bone18 and, in this case, should be put apart to 
be sterilized and used in another opportunity. Besides that, if it can be 
proved that mini-implants could be re-used, retrieved mini-implants 
to be re-used should be firstly mechanically cleaned and sterilized.

This study examined as-received, autoclaved and retrieved mini-
implants, comparing their surface topography by SEM analysis and 
resistance by a fracture torque test.

Figure 3. SEM photomicrographs of the surface morphology of mini-implants used in the present study: a) tip of as-received mini-implant; b) tip of autoclaved 
mini-implant; c) tip of retrieved mini-implant (used for 11 months); d) thread of as-received mini-implant; e) thread of autoclaved mini-implant; and f) thread 
of retrieved mini-implant (used for 11 months). Original magnification was at 250×.

Figure 4. Box-plot of fracture torque values for all groups.

Lee and Chang19 found increased pitting and corrosion on 
autoclaved nickel-titanium alloy wires. Pernier et  al.20, on the 
other hand, observed no variation in the surface parameters after 
sterilization of nickel-titanium and titanium-molybdenum alloy 
wires. SEM analysis in this study indicates that the process of 
autoclave sterilization does not alter the Ti6Al4V mini-implant 
surface topography, as no defects in the form of pores or cracks and 
no image suggestive of corrosion could be identified in the autoclaved 
mini-implants when compared to the as-received ones.

Eliades et  al.12 found morphologic and surface structural 
alterations in retrieved mini-implants, but no material structural 
changes in the form of defects or pores were documented. In this 
study, as well, no defects in the form of pores or cracks neither any 
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image suggestive of corrosion of such kind could be visualized in 
the retrieved mini-implants. However, their surface was smoother, 
six mini-implants had their tip less sharp and four had scratch marks 
when compared to as-received mini-implants, suggesting that its 
insertion and removal may have worn them. As the mini-implant 
studied was from the self-drilling type, the alteration in its tip may 
alter its properties, requiring previous bone drilling if it is to be re-
used. Schwartz et al.8 also observed deep scratch marks on the surface 
of used coverscrews.

It is also important to consider that changes in surface morphology 
due to cleaning and/or mechanical damage during placement and 
removal can result in marked changes in osteoblastic growth and 
differentiation8. Additionally, cell attachment levels may be lower 
and cell spreading reduced in titanium autoclaved surfaces21. 
Therefore, re-use may not be considered for mini-implants that rely 
on osseointegration to assure its stability, but only for those which are 
designed to be stabilized by mechanical interdigitation to the bone.

As to the fracture torque test, its importance is related to the 
knowledge of the structural integrity of the mini-implant tested and 
it is an important parameter to be assessed as the rotational forces 
associated with clinical placement and removal can cause mini-
implant failure15,22-23.

As there was no statistically significant difference between 
the as-received and the autoclaved groups in the fracture torque 
test in this study, no clinically significant changes in the resistance 
to fracture of autoclaved mini-implants are expected. There was, 
however, a statistically significant difference between the as-received 
(42.00 ± 0.71 Ncm) and the retrieved (36.82 ± 7.41 Ncm) groups. 
Even though there was this statistically significant difference, both 
groups showed fracture torque values beyond the insertion torque 
recommended by Motoyoshi et al.24, which is from 5 to 10 N, and 
the removal torque observed by Chen et  al.2, which ranged from 
10.78 to 21.07 Ncm. The difference between retrieved mini-implants 
and as-received ones is relevant not only because of the mean fracture 
torque values they presented, but mostly because of their great range, 
as can be observed in Figure 4, and superficial changes observed by 
SEM (Figures 2 and 3). Although all fracture torque values of all 
mini-implants tested are above the insertion torque recommended24, 
the great difference between minimum and maximum torque values 
for the retrieved group indicates that some variables can influence or 
alter the resistance of used mini-implants to fracture.

It is possible that the insertion and the removal torque applied 
on the mini-implant prior use in the patient be responsible for such 
alterations in its resistance to fracture. If the mini-implant encounters 
extreme resistance during insertion due to high bone consistency or 
thick cortical bone layer, pilot drilling may be required even for self-

drilling mini-implants5,15,25-26. If pilot drilling is not performed, the 
risk of failure by fracture of the mini-implant increases, and if it does 
not break, its re-use may be compromised by its possible decreased 
fracture torque resistance. Partial integration may also increase the 
removal torque of mini-implants15,27, leading to the same problem. 
This hypothesis should then be tested in future studies.

Based on this study, therefore, the re-use of retrieved mini-
implants is not recommended, as the variables that may influence their 
resistance to fracture are not yet elucidated and the patient should not 
be submitted to the risks inherent to that procedure while this subject 
is not thoroughly studied.

On the other hand, autoclave sterilization of the mini-implant used 
in this study caused no relevant alteration on its surface morphology 
and fracture torque resistance when compared to an as-received mini-
implant and could then be recommended clinically.

5. Conclusion

Retrieved mini-implants showed altered surface characteristics 
and a wider range of fracture torque values. Re-use of mini-implants 
should not be recommended, as there is not enough evidence of 
variables that can affect their expected resistance to fracture. As-
received mini-implants submitted to autoclave sterilization, however, 
can be recommended to be used clinically.
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