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Abstract

Introduction: Mini implants have simplified the biomechanic movements during an orthodon-
tic treatment. The roughness, surface morphology, and individual characteristics relate to the
pullout resistance and primary stability of mini-implants during dental movement. Objective:
To evaluate the surface morphology and the chemical elemental composition of four brands of
mini-implants using scanning electron microscopy (sem) and energy-dispersive X-ray spectros-
copy (eDs). Materials and methods: Four mini-implants commercially available in México (n=5 of
each): m.o.s.A.s. (Dewimed®), Implant quick (Borgatta), Vector Tas (Ormco™) and OrthoEasy (For-
estadent®) were evaluated. Surface morphology was assessed by sem (jeoL 5600LV, Japan) with
secondary electrons in high vacuum mode (20 keV). eps analyses were performed with 45 read-
ings per group. Results: The analyzed brands presented homogenous polished zones, with few
marks of the manufacturing processes. OrthoEasy shows the lowest conicity with 0.02°, followed
by Implant quick and Vector Tas with 0.04°. The principal element in all brands was Titanium with
84.3-82.8%, the Aluminum content was between 11.3-12.8 %, and the Vanadium content was
4.3-4.4% (ANovA, p>0.05). Discussion: The percentage of aluminum is higher than the 5.5-6.5%
established in the AstTm F-136-08 standard. It is not a common element in the human body. Con-
clusion: The main differences in the mini-implant morphology are the thread and the form of the
tip. The chemical elemental composition is homogeneous, but the aluminum content is higher
than the specified by the Astm F-136-08 standard.

Keywords: Mini implants, sem, elemental chemical composition, surface morphology

INTRODUCTION

The use of mini-implants in orthodontics has simplified biomechanics. Miniimplants or mini-im-
plants are temporary devices that ease many orthodontic movements and avoid secondary or
undesirable dental movements, usually produced during conventional orthodontic treatment.
Since the introduction of mini-implants, the use of intraoral anchorage devices (lingual arch,
transpalatine bar, Nance button) and extraoral devices (face mask or extraoral bow) has been
less frequent. Mini implants are helpful when a dental anchorage is deficient in quality and
quantity; these temporal anchoring aids reduce undesirable dental movements and allow sta-
ble osseous anchorage'. Their indications have increased: molar distalization or mesialization?,
intrusion or extrusion of anterior and posterior teeth® or to anchor molars or groups of teeth”.
The mini-implant’s length and diameter are important considerations contingent on the zone
where they will be placed: palate, jaw, retromolar, or interradicular area®, so that mechanical
retention is secured®.

Mini implants are exposed to a high humidity environment, as well as chemical and thermal
changes; therefore, they could undergo corrosion’®. Additionally, the liberation of ions can in-
duce physiological adverse effects such as carcinogenicity and hypersensitivity®. Dental alloys
should not present toxicity and must be biocompatible, with adequate mechanical properties
capable of resisting stress and tension. Dental mini-implants are thus usually made of grade 5
Titanium or stainless steel™. Ti6AI4V is the most common alloy used for mini-implants, it has a
biphasic microstructure, an a, and a B phase that should be equilibrated"2.
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Mini implants are available in different lengths, diameters, and tips. These characteristics
improve mechanical retention avoiding premature displacement since they will be in the oral
cavity approximately for 4.6 to 11 months?. After this period, they need to be easily removed
so there should be no osteointegration contrary to what is needed for rehabilitation implants.
Considering the wide variety of characteristics and prices of mini implants available on the
market, it makes it difficult for the clinician to choose the most appropriate mini implants
for each case, thus this study aimed to describe morphological characteristics such as taper,
threads, flank thread depth, tip and the chemical elementary composition through scanning
electron microscopy (sem) and energy dispersion spectroscopy (eps) of four brands of dental
mini implants commercially available in Mexico.

MATERIALS AND METHODS

Four types of mini-implants were evaluated: m.0.s.A.s. Schrauben (Dewimed®), quick Implant
(Borgatta), Vector 1as (Ormco™), and OrthoEasy (Forestadent®). Manufacturer characteristics
are specified in Table 1. Five samples of each brand (n=5) were ultrasonically cleaned (Bran-
son 25T0R MTH 2001, USA) for 15 minutes at room temperature and 40Hz, and immersed
in acetone, since it is recommended for cleaning stainless steel products as it is non-reactive
and serves as a cleaning and degreasing agent'. Afterwards, the mini-implants were sterilized
in an autoclave (Cristofoli Vitale 21, Brazil) at 134°C for 20 minutes, the mini implants were
immediately taken into sem observation, to avoid contamination. No pilot test was performed
since the cleaning method is a standardized and methodic procedure™.

The microstructure of the mini-implants’ surface was assessed by sem (jeoL, jsm 5600-LV,
Japan) performed in high vacuum mode with a secondary electrons signal at 20 kV, with 18x
and 100x. The samples were placed on double carbon tape for sem observations. Three micro-
graphs of each sample were taken to obtain the total surface area of the mini-implant (18x
magnification). The micrographs were analyzed with Image) 1.45 Software (National Institutes
of Health, Bethesda, MD). The scale bar in each image was used to calibrate the software and
obtain measurements: maximum and minimum diameter of the thread, taper, pitch, flank,
thread angles, number of threads, inter-thread distance, thread depth, crest, and tip as shown
in Figure 1. The elemental chemical analysis was carried out in triplicate on three areas: head,
neck, and thread. Nine eps were made for each sample, to complete a total of 45 Eps per group.
The atomic percentages of each element (Ti, Al, V) were semi-quantified. Data was analyzed in
spss version 20 (Statistical Package for the Social Sciences; spss, Version 20, Chicago, IL). Normal
distribution was determined with Shapiro Wilks tests (p>0.05), thus parametric analysis was
performed with ANova, (CI=0.05).

Table 1. Manufacture specifications of the four brands of mini implants.

Name Manufacture Length Diameter Neck Tip

(mm) (mm) (mm)
M.0.5.A.s. Schrauben Dewimed®, Germany 8.0 1.6 2.5 Self-cutting and self-drilling
Quick Implant Borgatta, China 7.0 1.6 2.0 Self-cutting
Vector TAs Ormco™, USA 8.0 1.4 1.0 Self-cutting and self-drilling
OrthoEasy Forestadent®, Germany 8.0 1.7 2.0 Self-cutting and self-drilling
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Figure 1. A-Morphologic characteristics evaluated: A. Thread angle, B. Flank width,
C. Pitch width, D. Internal diameter, E. External diameter, F. Depth of the thread,
G. Inter thread distance. 18x magnification, scale bar represents Tmm.
B-The taper of the mini implants was obtained by the following formula:
(B-A)/(2xC). 18x magnification, scale bar represents Tmm.

RESULTS

The semiquantitative analysis of the elemental chemical composition is presented in Table
2, the main element in all mini-implants was titanium (82.8-84.3%) followed by aluminum
(11.3-12.8%) and vanadium (4.3-4.4%) corresponding to the three elements of the Ti6Al4V
alloy, however, no statistically significant differences were found for these elements among the
brands (ANova, p> 0.05).

The morphology of the total length of the mini-implants is shown in Figure 2. The heads of
the m.0.s.A.s. Schrauben, quick Implant, and Vector Tas have fewer retention zones since the
head area is more rounded. quick Implant mini-implants show a cylindrical tip while m.0.s.A.s.
Schrauben, Vector 7As, and OrthoEasy mini implants present a tapered tip corresponding to a
self-cutting tip (Figure 3). All brands displayed a smooth homogenous surface over the thread
and the transmucosal area, with some marks of the manufacturing processes such as pores and
milling scratches (Figure 3). The mini-implants’ descriptive morphological characteristics such
as the maximum and minimum diameter of the thread, taper, pitch width, flank width, thread
angle, number of threads, inter-thread distance, thread depth, crest, and tip are presented in
Table 3.

Table 2. Mean and SD of element percentage of titanium, aluminum, and vanadium

obtained by EDS.

Name Titanium Aluminum Vanadium
M.0.5.A.s. Schrauben 84.3 £ 2.6 11.3+2.82 4.4 04?2
quick Implant 83.4 332 12234 4.4 £0.4°
Vector TAs 83.3+24° 12.4 +2.5° 4.3 +0.4°
OrthoEasy 82.8£6.8* 12.8+7.22 4.4 £0.5*

No significant statistical significance was found when comparing by element, n=45. Anova p>0.05,
Lowercase letters are used to compare means in the same column; means sharing a superscript
letter are not significantly different.
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Figure 2. Total length of the mini implants. A. m.0.s.A.s. Schrauben, B. quick Implant,
C. Vector 1as, and D. OrthoEasy. Images were taken at 18x magnification, scale bar = Tmm.

DISCUSSION

Since one of the main advantages of mini-implants is their easy placement and secure osseous
anchorage without undesirable dental movements (they are temporary devices) osteointe-
gration is therefore not needed but it is necessary to have good mechanical retention. Mini
implants are made of medical grade Ti6Al4V alloy, that provides excellent mechanical resis-
tance and a great molding capability, mainly because its biphasic microstructure is composed
of an a phase (rich in Al) and a B phase (rich in V). Aluminum has great solubility in titanium,
improving corrosion and oxidation resistance. The a phase presents low plasticity and displays
mechanical and anisotropic properties, whereas the B phase shows high ductility and provides
stabilizers to reduce the temperature needed for metal transformation from a to 3, making it
possible to carry out thermal treatment to increase its resistance, and improving plastic defor-
mation’®. Young's modulus of the a-Ti and a+B-Ti alloys is 100-110GPa and it is about 60-80 GPa
for B-Ti alloys, making a more ductile alloy™'?; both phases must be in equilibrium to secure the
best mechanical properties.

Ti6Al4V alloy is considered the gold standard for medical use, making it suitable for dental
use 217 One of the major concerns related to vanadium is its release because it deposits in
the liver, kidney, and lungs™®. This release could occur when the increase of chloride in human
serum produces a corrosive environment for metallic alloys since the pH decreases to 5.2 after
the implantation associated with the inflammatory process; pH recovers to 7.4 at 14 days™.
New B-Ti alloys have been developed™? to avoid this vanadium release, where a passivation
film of titanium oxide is formed on the surface of the mini implants reacting with bone ions
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Figure 3. sem images of the mini implants. A. M.0.s.A.s. Schrauben, B. quick Implant,
C. Vector 1as, and D. OrthoEasy. Column 1- show images of the mini implants’s threads.
Images were taken at 18 x magnification. Scale bar = Tmm. Column 2- Tip region,
100x magnification; scale bar =100 um. Column 3- Interthread area,
images taken at 100x. Scale bar =100 um.

Table 3. Descriptive linear, angular, and morphologic characteristics of each group.

M.0.5.A.s. Schrauben quick Implant VectorTas OrthoEasy
Maximum diameter of the thread (mm) 1.33 1.18 1.15 1.22
Minimum diameter of the thread (mm) 0.83 0.67 0.65 0.65
Taper (conicity) 0.04 0.06 0.04 0.02
Pitch width (mm) 0.40 0.36 0.38 0.55
Flank width (mm) 0.31 0.25 0.11 0.39
Thread angle (°) 136 124 155 135
Number of threads 10 7 13 8
Interthread distance (mm) 0.66 0.67 0.55 0.8
Threads depth (mm) 0.27 0.20 0.11 0.32
Crest Sharp Rounded Sharp Sharp
Tip Tapered Cylindrical Tapered Tapered

17



18

Veldzquez-Serrano SN, et al. Analysis of the Superficial Morphology of Orthodontic Mini Implants.

like (Ca)?" and (PO,)*"®"". In the current study, the vanadium content (3.5-4.5%) coincides with
that reported in Astm F-136-082" and with that reported by Patil et al.??. The percentage of alu-
minum (11.27-12.8%) in the evaluated mini-implants is higher than the 5.5-6.5% established
in ASTM F-136-082". Aluminum is not a common element in the human body; it has been found
to have undesirable effects on the human body such as cytotoxicity or apoptosis?> and has been
associated with Alzheimer’s disease?”. It is present in beverages, food, and cosmetics and has
been detected in mucosal cells in patients with mini implants?s; but no studies on cytotoxicity
associated with its use in mini-implants have been performed. As mentioned above and previ-
ously reported there were no differences in the Ti, Al, and V content in the different brands?,
indicating that there is an excellent quality control in the manufacture of these devices.

Characteristics such as width, active tip, exterior and internal diameter coil, number of
threads, width of the flank, and the taper are related to retention and insertion?”%%. Neverthe-
less, some authors mention that the location and angle placement and age could also affect
biocompatibility, retention, and resistance™. Another factor for stability, the passivation film
on the mini-implant surface™, is influenced by the inflammatory response after its placement
and helps to improve the corrosion resistance produced by an electrolytic solution such as
saliva?>?%, Mini implants have shown surface degradation, plastic deformation, and some rup-
tures after clinical use?® but no corrosion has been observed after 230 days in the oral cavity®.
Therefore, it is important that the transmucosal part is fully polished to avoid inflammation
caused by the retention of plaque?, as it was previously mentioned the heads of the m.0.s.A.s.
Schrauben, quick Implant, and Vector Tas have less plaque retention zones since the head area
is more rounded. It has been reported that dry sterilization might have a negative effect on the
mechanical properties of mini implants®?, especially on their fracture torque; however, other
studies have shown that steam sterilization does not have any effect on the mechanical prop-
erties of the mini-implants such as insertion torque or the resistance to fracture3?-34,

Chang et al.?’ carried out a finite element study on the influence of the design of the
mini-implants, finding that mini implants with more thread depth and a smaller taper produce
more displacement. The tapers they studied were 0.03, 0.05, 0.07, and 0.11°, and found that
the mini-implant’s pullout resistance decreases as the taper decreases. In the current study,
OrthoEasy shows the lowest conicity with 0.02°, followed by quick Implant and Vector Tas
with 0.04°. A smaller conicity will avoid fracture in the placement area by reducing stress since
they have less contact with the bone, a conical thread diminishes the unwanted destruction
of the bone, favoring its primary stability; the taper of the mini-implants guarantees osseous
condensation avoiding destruction of the cortical bone caused by an eccentric insertion3>. It
has been suggested that mini-implants should be preferably conical in an apical direction®®
since the extraction force will increase if the mini implant is more cylindrical®”.

In the current study, the mini-implants present different designs and surface morphol-
ogy. The form and width of the mini-implants are fundamental for its fixation; more threads
represent more resistance to displacement and more primary stability; in this sense, m.0.5.A.s.
Schrauben, Implant quick, and OrthoEasy could bring more primary stability than Vector Tas,
because the thread depth is above 0.20 mm. The pullout resistance is affected with a thread
depth between 0.32 and 0.40 mm and produces a high stress in the neck zone?”. The best
pullout resistance is obtained with depths of 0.16 and 0.32 mm?’; we found values in the range
of 0.17 to 0.32 mm which indicates good resistance.

Mini implants with a wide diameter are used to obtain more contact with the bone but
can cause micro fractures of the bone and inside the threads, as well as obstruction of blood
irrigation that could induce osseous necrosis 8. On the other hand, a mini-implant with an
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internal diameter that is too small can fracture due to friction with the bone, especially cortical
bone. The thread design can influence resistance; a reversed thread produces more stability
and resistance in comparison with rounded and trapezoidal threads. The morphology of the
surface and roughness can provide more stability inside the oral cavity°.

The distance between the threads must be sufficient, to avoid bone fractures, because in
that case mechanical retention could be lost; the distance of the threads between 0.5mm and
0.75mm is sufficient for stability*®. In this study, m.o.s.A.s. Schrauben, quick Implant, and
Vector Tas show an inter-thread distance of 0.66, 0.67, and 0.55 mm, but in the OrthoEasy mini
implants, the distance was 0.8 mm and that could reduce the mechanical retention. However,
the pitch width measured in the four mini-implants was similar between 0.36-0.55 mm.

A trapezoidal thread related to the reduced thread angles and flank width requires more
insertion force and torque causing higher tissue compression and increasing the risk of bone
fracture?. It was observed that the thread angles of the m.o0.s.A.s. Schrauben and OrthoEasy
were similar with 136° and 135° and flank widths of 0.31 and 0.39 mm respectively, while the
Vector 1As show 155° and 0.1Tmm, but quick Implant showed the smallest angle with 124° that
according to Marigo et al.?° could increase the probability of bone fracture, but it is equilibrated
with a narrow flank width of 0.25 mm.

There are two placement techniques, the first one where a previous perforation is needed
for the insertion of the mini-implant, and the second one where the mini-implants can be
inserted without a previous perforation (self-cutting). All the mini-implants evaluated in the
current study are reported by the manufacturer as self-cutting, but the quick Implant mini
implant has a flatter tip, that could make the insertion more difficult. The self-cutting mini-im-
plants have less mobility and have more contact between the bone and the mini implant in
comparison with those that need previous perforations2.

Primary stability of the implant depends mainly on the mini implants’ characteristics and
is less affected by the placement technique of the operator or the insertion area, while the
secondary stability is given by the cortical bone; the thicker the cortical bone the higher the
secondary stability, independently of the length, diameter, and taper of the miniimplants3”43.
New studies with finite elements or photoelastic analysis should be made to evaluate the stress
areas related to the mini implants and bone, that could lead to clinical investigation.

CONCLUSIONS

The analyzed Ti6Al4Va mini-implants present slight differences in the superficial and morpho-
logic analysis in different zones of the mini implants. Their composition and characteristics
fulfill the manufacturer’s reports. We propose further studies to analyze corrosion, ion release,
and the effect of morphologic characteristics on stress and torque.
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