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According to titanium’s much higher hardness and strength compared with the bone, if correctly applied,
mini-screws will suffer no damage. Reusing orthodontic mini-screws would reduce treatment cost and
lead to more use of mini-screws and improvement of orthodontic treatments. In this study, scanning electron
microscopy (SEM) was used to assess structural variations of retrieved orthodontic implants and to evaluate
the mechanical properties that may adversely affect stability of orthodontic implants. For analisys 10 self-
drilling mini-implants retrieved after treatment, made from commercially pure (CP) alpha-titanium from
two brands Leone™, Italy and ForestaDent™, Germany were analised using SEM according to the degree of
morphological deformation of the head, transmucosal neck, threaded body, and tip of the implant  at up to
10,000 x light magnification. The mini-implants did not present any defects such as bubbles, imperfections
or fissures in their internal microstructure. No significant marks resulting from the manufacturing process
were observed. Surface irregularities in the threaded body and tip (fig. 5-7) were observed and significant tip
deformation was evident in the majority (80%) of retrieved mini-implants.
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Titanium and its alloys are widely used as orthopedic
and dental implant materials because of their satisfactory
mechanical properties, resistance to corrosion and
biocompatibility [1, 2]. By biocompatibility we understand
the property of a material to be compatible with living
bodies, thus, to be accepted entirely by the body without
generating side effects and without being chemically and
mechanically deteriorated. [3]

The initial interaction between an implant and cells plays
an important role in bone regeneration and osseo-
integration. Because pure titanium implants are bioinert to
organisms, attempts have been devoted to modify their
surface structures to improve the cellular response [4].
Micronanoscale topologies play an important role in implant
osseointegration and determine the success of an implant.
Nevertheless, though they positively promote osteoblast
differentiation, microscale surfaces often inhibit osteoblast
proliferation, resulting in a smaller accumulation of bone
mass compared with that yielded by a smooth surface [5-
10]. According to titanium’s much higher hardness and
strength compared with the bone, if correctly applied, mini-
screws will suffer no damage [11]. Despite many attempts
to modify the chemical features of Ti surfaces, the time-
dependent degradation of the chemical effects is
substantial in that the strength of osseointegration is
reduced in aged Ti surfaces compared with newly prepared
Ti surfaces [12]. Miniscrew implants (MIs) have been
recently widely utilized as anchorage reinforcement
auxiliaries in orthodontics. Their clinical effectiveness lies
in their ability to maintain close bone contact, thus resisting
reactive orthodontic forces. MIs are fabricated from
stainless steel, commercially pure titanium, or titanium
alloy with a diameter of 1 to 2 mm and length of 8 to 20
mm, and they are not osseointegrated [13]. Reusing
orthodontic mini-screws would reduce treatment cost and
lead to more use of mini-screws and improvement of
orthodontic treatments. Reusing medical instruments has
a long history and can only be performed when using or
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preparing the instrument for re-use doesn’t cause any harm
to the instrument or alter its clinical features [14]. In this
study, scanning electron microscopy (SEM) was used to
assess structural variations of retrieved orthodontic
implants and to evaluate the mechanical properties that
may adversely affect stability of orthodontic implants. SEM
can provide high resolution images (up to 5 nm) evidencing
general morphology, surface topography, pore geometry
[15].

Experimental part
For analysis 10 self-drilling mini-implants retrieved after

treatment, made from commercially pure (CP) alpha-
titanium from two brands Leone™, Italy and ForestaDent™,
Germany, were stored in sterile saline solution for 5 days at
room temperature. After storage scanning electron
microscopy, LEO 1450VP + Inca 2000 EDS, LEO Electron
Microscopy Ltd, Clifton Road, England was used to analyze
structural variations according to the degree of
morphological deformation of the head, transmucoseal
neck, threaded body, and tip of the implant at up to 10.000x
light magnification.

Titanium alloy analysis
Energy-dispersive X-ray EDX spectroscopy, PANalytical

B.V. Netherlands was used for examination of surface and
determination of chemical structure of the mini-implants
(fig.1, 2).

Fig.1. Examination of
surface of mini-implants
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recommended. El-Wassefya et al. 2015 [17] states that
whatever the method of sterilization is used, the micro-
implant surface cannot be considered the same as the
original in terms of surface morphologic properties, ion
release and histologic cell response. The autoclave-
sterilized micro-implants showed better histologic results
than the micro-implants sterilized by gamma rays or
ultraviolet rays. Mini-implants retrieved after primary
insertion may exhibit decreased cutting ability due to
deformation of the tip structure, as well as surface
contamination.

Conclusions
We conclude that differences in mini-implant structure

and the presence of surface irregularities may influence
the effectiveness of orthodontic anchorage and we do not
recommend reusing of orthodontic implants.

Fig.2. Determination of
chemical structure of the

mini-implants

 Fig. 4. Internal
microstructure of

mini-implant
(1.000X)

Fig.3. Internal
microstructure of

mini-implant
(10.000X)

EDX is an analytical technique used for the elemental
analysis or chemical characterization of a sample. It relies
on an interaction of some source of X-ray excitation and a
sample. Energy-dispersive X-ray spectroscopy confirmed
that the alloy is Ti6Al4V also known as commercially pure
(CP) titanium alloy.

Results and discussions
The mini-implants did not present any defects such as

bubbles, imperfections or fissures in their internal
microstructure (fig.3). No significant marks resulting from
the manufacturing process were observed (fig.4).

Surface irregularities in the threaded body and tip (fig.5-
7) were observed and significant tip deformation was
evident in the majority (80%) of retrieved mini-implants.
Deposited debris such as carbon, calcium, and phosphorus
was observed on the retrieved mini-implants (fig.8). High
bacterial loads were present in 100 % of cases (fig.9).

Several recent studies tried to analyse methods for
decontamination of retrieved mini-implants in order to
reuse them. Stojicic et al. 2010 [16] reports that to omit
organic remnants from mini-screws surfaces, application
of phosphoric acid 37% (10 min) followed by sodium
hypochlorite 5–25% (30 min) at room temperature is

Fig.5. Surface
irregularities in the

tip (35X)

Fig.6. Surface
irregularities in the

threaded body
(35X)

Fig.7. Surface
irregularities

(200X)

Fig. 9.High bacterial
loads (1.000X)

Fig.8. Deposited
debris on mini-

implant  surface (35X)
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