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Evaluation of stability of three different mini-implants, k
based on thread shape factor and numerical analysis
of stress around mini-implants with different insertion

angle, with relation to en-masse retraction force
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Objectives: Assess the stability of three different mini-implants, based on thread shape factor (TSF), and evaluate stresses at the
mini-implant site and surrounding cortical bone on application of retraction force, at two different insertion angles. Methods: Mini-
implants of three different diameters (M1-Orthoimplant, 1.8mm), (M2-Tomas, 1.6mm) and (M3-Vector TAS, 1.4mm) and length
of 8mm were used. Using scanning electronic microscopy, the mean thread depth, pitch and relationship between the two (TSF)
were calculated. The mini-implants were loaded into a synthetic bone block and the pull-out strength was tested. One way ANOVA
and Tukey post-hoc tests were used to compare the pull-out strength of mini-implants. P values < 0.05 were considered statistically
significant. Finite element models (FEM) were constructed with insertion angulation at 90° and 60°, with retraction force of 150g.
The results were analyzed using ANSYS software.Results: Statistically significant difference was found among all the three mini-
implants for thread depth and pitch (<0.001). Statistically significant higher pull-out force value was seen for Orthoimplant. The stress
distribution level in mini-implant and surrounding bone was observed to be smaller for Orthoimplant. Conclusion: Orthoimplant
mini-implants have more favorable geometric characteristics among the three types, and less stress with 90 angulation.

Keywords: Thread shape factor. Primary stability. FEM.

Objetivos: Avaliar a estabilidade de trés diferentes tipos de mini-implantes, com base no fator formato da rosca (thread shape factor, TSF), ¢
avaliar a tensao no local de insercio e no osso cortical ao redor dos mini-implantes inseridos com dois angulos diferentes, durante a aplica-
¢3o de forca para retragio. Métodos: Foram usados trés diferentes diametros de mini-implantes, sendo eles 1,8mm (M1, ORTHO Im-
plant), 1,6mm (M2, Tomas) e 1,4mm (M3, Vector TAS), todos com comprimento de 8mm. Por meio da microscopia eletronica de
varredura, foram calculados a profundidade da rosca, o passo da rosca (distancia entre os filetes da rosca) e a relacio entre os dois (TSF). Para
realizagio do teste de tragio (pull-our), os mini-implantes foram inseridos em um bloco de osso sintético. Os testes ANOVA de uma via e
post-hoc de Tukey foram usados para comparar as forgas de resisténcia a tragio dos mini-implantes, considerando-se estatisticamente signi-
ficativos valores de p<0,05. Modelos de elementos finitos (MEF) foram gerados com angulos de inser¢io dos mini-implantes a 90° e 60°,
com for¢a de retragio em 150g. Os resultados foram analisados usando-se o soffware ANSYS. Resultados: Diferencas estatisticamente sig-
nificativas foram encontradas entre os trés mini-implantes quanto a profundidade da rosca e o passo da rosca (p<0,001). O ORTHOIm-
plant apresentou a maior for¢a de resisténcia a tracio, com significancia estatistica. O nivel de distribuicio das tensdes no mini-implante e
1no osso circundante também foi menor para 0 ORTHO Implant. Resultados: Entre os diferentes tipos de mini-implantes analisados, o
ORTHO Implant apresentou as caracteristicas geométricas mais favoraveis ¢ a menor tensio com o angulo de inser¢io de 90°.

Palavras-chave: Procedimentos de ancoragem ortodontica. Implantes de carga imediata. Analise de Elementos Finitos.
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INTRODUCTION

The need for orthodontic treatment modalities
that maximize anchorage control and minimize pa-
tient compliance has led to the development of mini-
implant-assisted orthodontics.! Temporary anchorage
devices (TADs) in the form of mini-implants are used
as a skeletal anchorage and their utilization has become
a reliable and acceptable method.?

Primary stability of mini-implant is due to the
mechanical interlock between the bone and mini-
implant, and it depends on many factors, including
bone quality, mini-implant site and insertion angle,
and design of mini-implants, such as diameter, thread
form, pitch, thread size, mini-implant material,’* and
the recently introduced thread shape factor (TSF)2.
TSF is calculated as the geometrical relationship be-
tween the mean thread depth and the pitch (D/P) and
is expressed as a percentage.’

Bone remodeling processes at the bone/screw inter-
face are correlated with the structural response of the
bony tissue to the TADs and then to the stress/strain
field, developing within themselves and the surround-
ing bone.® Studies of stress allow optimization of the
shape and geometric parameters. A key to the success or
failure of mini-implant is the manner in which stresses
are transferred to the surrounding bone.’

The proper insertion angle is important for cortical
anchorage, patient safety (root damage), and biome-
chanical control. It also provides increased surface con-
tact area between the mini-implant and the bone.*

Measurement of the stresses in vivo is virtually im-
possible. The finite element method (FEM) is thus a
valid technique used to analyze structural stress.” In or-
der to understand better how a viscous-elastic material,
such as the bone (cortical and cancellous layer), reacts to
the insertion of rigid material like titanium, and which
kind of stress can be generated by a specific thread de-
sign, FEM analysis can be utilized to serve this purpose.?

However, the literature lacks information on the
combination of ideal geometric design character-
istics, 1.e., TSF and optimal insertion angle during
en-masse retraction. To address that, this study was
conducted to evaluate the effect of TSF of 3 differ-
ent mini-implants, and their various insertion angle
combinations, on the pull-out strength and stresses at
the mini-implant site and surrounding bone during
en-masse retraction, using a FEM study.
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MATERIAL AND METHODS

Detailed geometry of all three mini-implants was
studied through scanning electron microscope (SEM),
to measure the TSF.

Pull-out test was carried out to determine the pri-
mary stability.

FEM was done to evaluate stress distribution at the
mini-implant site and in the surrounding cortical bone,
with the application of retraction force at two different
insertion angles (60° and 90°).

Material

The three mini-implants used in the study were as
follows:

1) ORTHOImplant (3M Unitek, Monrovia, CA,
USA): 1.8-mm diameter and 8-mm length (M1).

2)TOMAS (Dentaurum): 1.6-mm diameter and
8-mm length (M2).

3)VECTOR TAS (Ormco): 1.4-mm diameter and
8-mm length (M3).

According to the manufacturer’s description, these
mini-implants are available in the above mentioned di-
ameter with three different lengths. All mini-implants
are made of Ti-6Al-4V alloy.

For the pull-out test, double layer artificial bone
block (Sawbones, Pacific Research Laboratories Inc,
Vashon, Washington;) was used. The block is com-
posed by a polyurethane foam, measuring 120 x 170
x 41 mm thick, having a 1.1-mm top layer with a
40-pct density, and a 39-mm base layer with a 10-pcf
density (Table 1).1

Methods
Scanning electron microscopy

Each mini-implant was examined using a scanning
electron microscope (Tescan Vega3, Czech Republic),
operating at 30.00kV, which was performed at Sanray
laboratories Pvt Ltd (Hyderabad, India). Images of each
mini-implant were captured with VEGA 3.0 software,
and obtained at 27x and 33x magnifications (Figs 1 and
2). The pitch and thread depth was measured using team
measurement tool of Biovis Materials VA4.59 software.

Pull-out test

Pull-out strength tests were performed at the same
laboratory on bone blocks constructed featuring a su-
perficial layer with biomechanical characteristics (elas-
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Table 1 - Material properties of artificial bone materials (poisson ratio = 0.3).

Strength and modulus (MPA)

Compressive Tensile
Density pcf (g/cc) Strength Modulus Strength Modulus Strength Modulus
10 (0.16) 22 58 2.1 86 16 19
40 (0.64) 31 759 19 1000 1 130

THREADED BODY A Figure 1 - A) M1, M2, M3: SEM images of mini-
implants at magnification x27. B) Illustrating parts
of mini-implant (D is thread depth and P is pitch).

Figure 2: SEM images of mini-implants at magnification x 33.
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ticity, hardness and density) similar to the cortical
bone and a deeper layer with characteristics mimicking
the trabecular bone. Computed tomography study by
Migliorati et al.”® reported a mean cortical thickness of
1.10mm on the buccal side of the maxilla. So a bone
block with 1.1-mm cortical thickness was used in the
present study.

This bone block was divided into small blocks mea-
suring 1.5cm x 2.5cm, so that it could fit accurately
in between the metal plates of the testing machine.
The geometric center was marked on each bone block
and the mini-implants were inserted at these points, to a
thread depth of 6mm. The pull-out test was carried out
by a universal testing machine Shimadzu AGS-X fea-
turing 5kN load. The mini-implant was loaded with a
traction speed of 2mm/minute and the pull-out strength
was measured as the peak force recorded by the built-
in machine software (Trapezium v. 1.4.5). The method
was repeated for each mini-implant.

Finite element method

For creating a finite element model, a 3D CAD model
was constructed from a CT scan of the craniofacial com-
plex of a 15-years-old female patient. CT scan images
of the maxillary bone were taken by Siemens Somatom
Definition 64 (120kVp; 290mAs) in axial direction. Se-
quential CT images were taken at 0.5 mm intervals to re-
produce finer and detailed aspects of the geometry. A to-
tal of 625 images were stacked over one another and con-
verted to a finite element meshed model by the software
MIMIC (version 18.0). Tetrahydron elements were used
to mesh the skull and teeth. Archwire, brackets, crim-
pable hooks and NiTi closed coil spring were modeled
by the software ANSYS Design Modeler (version 19;
ANSYS Inc., Integrated Design Analysis Consultants,

Table 2 - Material property data representation (10).

with different insertion angle, with relation to en-masse retraction force

INDIA Pvt Ltd) with beam elements. The total number
of elements in the geometry was 864,650 and the total
number of nodes created was 247,119 (Fig 3). Nodes and
elements defined for each model of mini-implants (M1,
M2 and M3) for 90° and 60° angulations, respectively, is
presented in Table 3.

Only one side of the maxilla was generated, as results
on the other side are expected to be the same. To sim-
ulate the extraction space, maxillary first premolar was
removed from the model. Geometric model of brack-
ets, mini-implants, archwire with crimpable hook and
nickel-titanium closed coil spring were constructed us-
ing reverse engineering technique. Brackets models
were constructed using stainless steel MBT prescription
of slot size 0.022x0.028-in. Stainless steel archwire of
0.019x0.025-1n dimension and a nickel-titanium closed
coil spring was fabricated and attached from crimpable
hook to the mini-implant head, generating retraction
force of 150g (Fig 3).The mini-implants were inserted
at angulations of 60° and 90 to the buccal surface of al-
veolus. Three FEM models were generated, in which all
the parameters were kept the same, except the insertion
angulation of the mini-implant. Material properties as-
signed to the FEM were tabulated in Table 2.

Statistical analysis

Descriptive statistics included calculation of mean
and standard deviation for TSF and pull-out tests of
three different mini-implants. Shapiro-Wilk’s nor-
mality test was used to verify the equality of variance.
One-way ANOVA and Tukey post-hoc tests were used
to compare the TSF and pull-out strength of the mini-
implants, within as well as between the groups. The lev-
el of significance was p <0.05. Data were analyzed using
SPSS software v.23.0.

Material Elastic modulus E (GPa) Poisson’s ratio
Tooth 207 0.30
Compact bone 147 0.30
Cancellous bone 15 0.30
Titanium mini-implant 114 0.34
Bracket and wire 179 0.30
Nickel-titanium 36 0.33
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Figure 3: Three-dimensional geometric model of half maxilla with brackets, mini-implant, archwire with crimpable hook and NiTi closed coil spring.

Table 3 - Nodes and elements defined for each model.

Mini-implants

Angulation

M1 357,580
M2 357,822
M3 357103

Elements Elements
1,529,563 357737 1,529,610
1,531,187 357,714 1,531,233
1,527,129 357214 1,527,246

RESULTS
SEM and pull-out test

Since the Shapiro-Wilk’s normality test confirmed
the equality of variance, one-way ANOVA was used
for the between-group comparisons. The mean thread
depth, pitch and TSF of M1 was found to be 0.088mm,
0.426mm and 20.667%, respectively; for M2, it was
0.217mm, 0.849mm and 25.483%, respectively; and
for M3, it was 0.097mm, 0.507mm and 19.100% re-
spectively.  ANOVA showed statistically significant
difference for thread depth and pitch for all the three
mini-implants, and statistically insignificant for TSF
(Table 4). Post-hoc Tukey test showed: statistically signif-
icant difference for thread depth between M1 and M2,
and M2 and M3; not significant difference between M1
and M3; and statistically significant difference between all
the groups for the pitch of the mini-implants (Table 5).

The mean values of M1, M2 and M3 for the pull-out
test were 0.181kNj; 0.142kN and 0.138kN, respectively.
Differences were statistically significant (Table 4).

Finite element method

The results showed changes in terms of von Mises
stress and principal stresses. The magnitude of stresses
developed in reaction to applied retraction force is men-
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tioned in Table 6 and the pattern of stress distribution is
described below.

Mini-implant

For M1 at 90° insertion angle, maximum stress was
observed on the head of the mini-implant at the point of
attachment with the retraction spring and at the junction
of the head and transmucosal collar (neck). The stresses
gradually decreased from first thread until fourth thread.
Minimum levels of stress remained constant throughout
the length of the mini-implant (Fig 4, M1).

At 60° insertion angle, a small portion of maxi-
mum stress was observed at the junction of the head
and neck. The stresses gradually decreased from first
thread until fourth thread. Minimum levels of stress
remained constant throughout the length of the mini-
implant. The maximum von Mises stresses at 90 and
60° insertion angle were 23.72 MPa and 29.01 MPa,
respectively (Fig 5, M1).

For M2 at 90° insertion angle, maximum stress was
observed in the first and second threads. Stresses de-
creased towards the neck and below the third thread.
The stresses gradually decreased from fourth and fifth
thread. The stresses remained minimal from fifth thread
to the tip of the mini-implant (Fig 4, M2).

Dental Press J Orthod. 2020 Nov-Dec;25(6):59-68



Evaluation of stability of three different mini-implants, based on thread shape factor and numerical analysis of stress around mini-implants

with different insertion angle, with relation to en-masse retraction force

Table 4 - Comparisons of mean depth, pitch, TSF and peak load among all three groups, by analysis of variance.

Orthoimplant (M1) Tomas (M2) Vector TAS (M3)
Parameter
Mean SD Mean SD Mean sD ANOVA p value
Depth (mm) 0.088 0.019 0.217 0.046 0.097 0.027
<0.001*
Pitch (mm) 0.088 0.049 0.849 0.024 0.507 0.010
TSF (%) 20.667 4.894 25483 4967 19.100 5.277 0.107
Peak load (kN) 0.181 0.018 0.142 0.030 0.138 0.025 0.017*

*p<0.05

Table 5 - Multiple comparisons between groups by Tukey post-hoc test.

M1-M2 M1-M3 M2-M3
Parameter

Mean difference p value Mean difference p value Mean difference p value
Depth (mm) -0.130 <0.001* -0.010 0.871 0.120 <0.001*
Pitch (mm) -0423 <0.001* -0.080 0.002* 0.343 <0.001*

TSF (%) -4.817 0.255 1.567 0.854 6.383 0.105

Peak load (kN) 0.039 0.040* 0.043 0.024* 0.004 0.962

*p <005

Table 6 - Magnitude of stresses developed under same load and different mini-implant angulations.

Mini-implant

Cortical bone

Insertion angle

Mini-implant 90 degree 60 degree 90 degree 60 degree
Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum
((LF] (MPa) (MPa (MPa) (MPa (MPa) (MPa (MPa)
M1 2372 0.1056 28.01 0.062 24184 0.078 2.9524 0.077
M2 80.03 0.1382 107.06 0.014 6.7626 0.134 54152 0.115
M3 17.01 0.0625 14.89 0.008 3.8516 0.081 3.6095 0.071

At 60° insertion angle, maximum stresses were ob-
served at the larger portion of first and second threads,
and a smaller portion of third thread and neck of the
mini-implant. Stresses were decreased to a small portion
of fourth thread, and the stresses reached minimum lev-
els and remained constant at the head and a larger por-
tion of neck and from fifth thread to the tip of the mini-
implant. The maximum von Mises stresses at 90° and
60° insertion angle were 80.03MPa and 107.06 MPa,
respectively (Fig 5, M2).

For M3 at 90° insertion angle, maximum stress was ob-
served at the first and second threads and a small portion
of the head, at the point of attachment of retraction spring.
The stresses gradually reduced at the neck and a small por-
tion of third and fourth threads, and from there the stresses
reached minimum level and remained constant through-
out the length of the mini-implant (Fig 4, M3).

At 60° insertion angle, maximum stresses were ob-
served at the junction of head and neck. The stresses re-
duced from the threaded body and at the small portion
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of third thread. The stresses reached a minimum level
and remained constant throughout the length of the
mini-implant. The maximum von Mises stresses at 90°
and 60° insertion angle were 17.01 MPa and 14.89 MPa,
respectively (Fig 5, M3).

Cortical bone

For M1 at the 90° and 60° insertion angle, the pattern of
stress distribution was the same, where maximum stresses
were observed at the mesial, distal and apical to the mini-
implant. Stresses uniformly decreased in the form of con-
centric circles as it is moved away from the mini-implant
and reached closer to the upper small portion of the lower
crest of the cortical bone (Figs 6 and 7, M1).

For M2 and M3 at the 90° insertion angle, the pat-
tern of stress distribution was similar to what was ob-
served for the M1. At 60° insertion angle, the stresses at
M2 and M3 were close to M1, with a main difference
that the stresses reached the broader area of lower crest
of the cortical bone (Figs 6 and 7, M2-M3).
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Figure 4 - M1, M2, M3: Pattern of stress distribu-
tion along mini-implant length at 90° insertion
angulation.

Figure 5 - M1, M2, M3: Pattern of stress distribu-
tion along mini-implant length at 60° insertion
angulation.

Figure 6 - M1, M2, M3: Pattern of stress distribu-
tion in cortical bone at 90° insertion angulation.

Figure 7 - M1, M2, M3: Pattern of stress distribu-
tion in cortical bone at 60° insertion angulation.
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DISCUSSION
SEM and pull-out test

The fundamental parameter for primary retention
of TADs is the pull-out strength, which is linked to

bone related factors'-'?

and mini-implant design fac-
tors like diameter, pitch, thread depth and TSE.*
The TSF and relative pull-out strength values in the
current study were: 20.6%, 0.181kN for M1; 25.4%,
0.142 kN for M2; and 19.1 %; 0.138kN for M3.

The results of this study showed no correlation
between TSF and pull-out strength. Previous litera-
ture has shown contradicting conclusions. Radwan
et al’ concluded that decreased TSF led to increased
pull-out forces and thus, to higher primary stability;
however, Migliorati et al*" reported that a larger TSF
provided higher primary stability.

The results in the current study showed a non-sig-
nificant difference in TSF and significant difference in
pull-out force between the three groups. M1 had the
highest value of pull-out force, followed by M2 and,
finally, M3 (Table 4). The results of the current study
indicate that different geometric design parameters
like pitch, thread depth and diameter of mini-implant,
apart from TSF, influenced the mechanical stability of
the mini-implant.

The results of the current study showed no defini-
tive correlation between the pitch and pull-out val-
ues, as shown in Table 4. Brinley et al** reported that
a decrease in pitch led to increase in pull-out force and
therefore higher primary stability. In contrast, Miglio-
rati et al’ reported that there was a positive correlation
between pitch and pull-out force when mini-implants
of less than 1mm pitch were inserted in cortical thick-
ness of 2.2mm. The reason for increased primary sta-
bility in that study could be due to more thread en-
gagement in cortex in mini-implants with <Imm
pitch when cortical bone was 1.0 - 2.0mm in width.

The current study showed no definitive correlation
between the thread depth and pull-out values, as shown
in Table 4. Chang et al* concluded that pull-out resis-
tance decreased abruptly as the thread depth increased
from 0.32 to 0.40mm. In the present study, the thread
depth is within 0.32mm for all the three mini-implants.
Mini-implants used in this study have three different di-
ameters (1.8mm, M1; 1.6mm, M2; and 1.4mm, M3).
The results of this study showed a definitive correlation
between diameter and pull-out force (Table 4).

66
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The greater the diameter of the mini-implant, the
greater the bone compression is, leading to an increased
primary stability." Results of this study were in agree-
ment with results reported in previous studies'®"! Wal-
ter et al'® stated that mini- implants with <1.2 mm in di-
ameter should be avoided to prevent failure. Studies on
fracture resistance have related the relationship between
diameter and strength; they considered that a 0.1mm
increase in core diameter should give greater fracture
resistance.” Ortholmplant implants can safely resist the
high levels of orthodontic forces used for en-masse teeth
retraction and molar uprighting.

FEM study

The insertion angle of mini-implant varies most of-
ten according to clinical preference. Therefore, it is nec-
essary to compare the efficacy in terms of stress induced
in the metal and bone among mini-implants of various
design and insertion angle with orthodontic loading.*

Stress analysis on the
mini-implant and cortical bone

In the present study, it was observed that for a given
load, 1.e. 150g, the stress values on mini-implant and in sur-
rounding bone were higher for M2 with 60° and 90° inser-
tion angle, followed by M1 and M3, respectively (Table 6).
M2 mini-implant, which has a greater thread depth and
smaller taper design, showed higher stresses when compared
to the other two mini-implants. The results of the present
study are in agreement with Chang et al,* who concluded
that mini-implant with greater thread depth, smaller taper
and short taper length generated higher stresses on the bone
and thread elements in lateral loading condition.

The stress levels in the mini-implant increased
with reduction in the insertion angle for M2 and M1.
The results are in agreement with studies by Wood-
all et al,?" and Lee et al,”? who concluded that placing
mini-implant at 90° insertion angle increases the bio-
mechanical stability of mini-implant. The authors also
stated that oblique/acute angulations potentially cre-
ates longer lever arms, making the threads not com-
pletely engaged into the bone, creating increased stress
and displacement around the mini-implant, negatively
contributing to the primary stability."> In the present
study, the stress levels in M3 increased with an increase
in the insertion angle, and the reason could be the re-
duced diameter of the mini-implant.
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For M2 mini-implant, high stresses were distrib-
uted on the uppermost threads at the neck of the mini-
implant near the margin of bone, with both insertion
angulations. High stresses were observed on the head
of mini-implant at the point of attachment of the re-
traction spring, with respect to M1 and M3 with both
insertion angulations. This pattern of stress distribu-
tion on mini- implant (M1 and M3) was in agreement
with studies conducted by Ammar et al* and Gracco
at al.® Benedict et al® and Ammar et al*in their stud-
ies suggested that 2-3mm of the implant’s endo-osseous
length is most critical in terms of stress response under
tangential loading, and the results of the present study
were in agreement with that. Mini-implants manufac-
turers should expect more failures at top three threads.

However, the stress values in the current study were
below the yield stress of titanium (692 Mpa),*® thus in-
dicating that all mini-screws have sufficient strength to
resist forces during orthodontic loading.

Highest amount of principal stress in the bone
were seen with the M2 mini-implant and the least
amount of principal stress were seen for the M1 type.
The results were in agreement with previous stud-
ies*”%% that concluded that mini-implants with small-
er pitch showed less stress within the bone. In the
present study, M1 and M3 had smaller pitch when
compared to M2, so smaller amount of stresses was
observed with M1 and M3 mini-implants.

The maximum principal stress in bone for both in-
sertion angles indicated that the stress decreased from
60° to 90° for M1, but this decrease in stress distribution
was observed to be marginal. These findings were in
agreement with previous studies,** which reported that
when the mini-implant insertion angle was increased
from 60° to 90°, the stress in the surrounding bone de-
creased. However, for M2 and M3 there was a marginal
increase in stress distribution from 60° to 90" insertion
angle. The maximum stress value of 6.7626 MPa was

article

seen with 150-g load and at 90° insertion angulation.
As this value is way smaller compared to the 133 MPa
yield stress of cortical bone, it can be inferred that no
significant adverse changes will be seen in cortical bone.

CONCLUSION

» Within the limitation of this study involving the
finite element analyses and mechanical testing of difter-
ent mini-implants, the result demonstrated that Ortho-
implant type with a larger diameter, smaller pitch and
shorter taper length have better primary stability, and
also have low stresses within the mini-implants and sur-
rounding bone amongst the three groups.

» The favorable insertion angulation found was 90°,
as it provides better primary stability and low stresses
in the mini-implant and surrounding bone under orth-
odontic loading.

» Further research is required for optimization of
thread-parameters and its validation on living bone tissue.

Authors contribution (ORCID®)

Safiya Sana (SS): 0000-0002-4320-1115®

Rekha Reddy (RR): 0000-0002-1309-9797“

Ashok K. Talapaneni (AKT): 0000-0003-4692-3559
Arshad Hussain (AH): 0000-0003-0738-2446“
Sayeeda Laeque Bangi (SLB): 0000-0002-3499-6040“
Asma Fatima (AF): 0000-0002-6055-393X @

Conception or design of the study: SS, RR, AKT. Data
acquisition, analysis or interpretation: SS, RR, AKT, AH,
SLB, AF. Writing the article: SS, RR. Critical revision of
the article: SS, RR, AKT, AH, SLB, AF. Final approval of
the article: SS, RR, AKT, AH, SLB, AF. Obtained fund-
ing: RR. Overall responsibility: SS.

Dental Press J Orthod. 2020 Nov-Dec;25(6):59-68



original

Evaluation of stability of three different mini-implants, based on thread shape factor and numerical analysis of stress around mini-implants

REFERENCES

10.

11

12.

13.

14.

© 2020 Dental Press Jou

Chang HP, Tseng YC. Miniscrew implant applications in contemporary
orthodontics. Kaohsiung J Med Sci 2014 Mar;30(3): 111-5.

Migliorati M, Benedicenti S, Signori A, Drago S, Cirillo P, Barberis F, et al.
Thread shape factor: evaluation of three different orthodontic miniscrews
stability. Eur J Orthod. 2013 June;35(3):401-5.

Gracco A, Giagnorio C, Parenti SI, Bonetti GA, Siciliani G. Effects of
thread shape on the pullout strength of miniscrews. Am J Orthod
Dentofacial Orthop. 2012 Aug;142(2):186-90.

Chang JZC, Chen YJ, Tung YY, Chiang YY, Lai EHH, Chen WP, et al.
Effects of thread depth, taper shape, and taper length on the mechanical
properties of mini-implants. Am J Orthod Dentofacial Orthop. 2012
Mar;141(3):279-88.

Radwan ES, Montasser MA, Maher A. Influence of geometric design
characteristics on primary stability of orthodontic miniscrews. J Orofac
Orthop. 2018 May;79(3):191-203.

Gracco A, Cirignaco A, Cozzani M, Boccaccio A, Pappalettere C, Vitale G.
Numerical/experimental analysis of the stress field around miniscrews for
orthodontic anchorage. Eur J Orthod. 2009 Feb;31(1):12-20.

Marimuthu VK, Kumar K, Sadhasivam N, Arasappan R, Jayamurugan A,
Rathinasamy R. Finite element analysis of stress and displacement around
mini-implant using different insertion angles and various direction of
orthodontic force in maxilla and mandible. J Indian Orthod Soc. 2015
Apr-June;49(2):61-6.

Jasmine MIF, Yezdani AA, Tajir F, Venu RM. Analysis of stress in bone and
microimplants during en-masse retraction of maxillary and mandibular
anterior teeth with different insertion angulations: a 3-dimensional

finite element analysis study. Am J Orthod Dentofacial Orthop. 2012
Jan;141(1):71-80.

Brar LS, Dua VS. The magnitude and distribution pattern of stress on
implant, teeth, and periodontium under different angulations of implant
placement for en masse retraction: a finite element analysis. J Indian
Orthod Soc. 2017 Jan-Mar;51(1):3-8.

Alrbata RH, Ha DW, Yu W, Kyung HM. Optimal asymmetric thread for
orthodontic microimplants: laboratory and clinical evaluation. Angle
Orthod. 2015 July;85(4):585-90.

Choi JH, Park CH, Yi SW, Lim HJ, Hwang HS. Bone density measurement
in interdental areas with simulated placement of orthodontic miniscrew
implants. Am J Orthod Dentofacial Orthop. 2009 Dec;136(6):766.e1-12;
discussion 766-7.

Wang Z, Zhao Z, Xue J, Song J, Deng F, Yang P. Pullout strength of
miniscrews placed in anterior mandibles of adult and adolescent dogs: a
microcomputed tomographic analysis. Am J Orthod Dentofacial Orthop.
2010 Jan;137(1):100-7.

Migliorati M, Signori A, Silvestrini-Biavati A. Temporary anchorage device
stability: an evaluation of thread shape factor. Eur J Orthod. 2012
Oct;34(5):582-6.

Brinley CL, Behrents R, Kim KB, Condoor S, Kyung HM, Buschang PH.
Pitch and longitudinal fluting effects on the primary stability of miniscrew
implants. Angle Orthod. 2009 Nov;79(6):1156-61.

al of Orthodontics

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

68

with different insertion angle, with relation to en-masse retraction force

Mohammed HI, Al-Sheakli Il. Comparing the primary stability of three
different orthodontic mini-implants with various dimensions on artificial
bone. Int J Med Res Health Sci. 2018;7(1):128-34.

Holmgren EP, Seckinger RJ, Kilgren LM, Mante F. Evaluating parameters

of osseointegrated dental implants using finite element analysis: a two-
dimensional comparative study examining the effects of implant diameter,
implant shape, and load direction. J Oral Implantol. 1998;24(2):80-8.
Miyawaki S, Koyama I, Inoue M, Mishima K, Sugahara T, Takano-
Yamamoto T. Factors associated with the stability of titanium screws
placed in the posterior region for orthodontic anchorage. Am J Orthod
Dentofacial Orthop. 2003 Oct;124(4):373-8.

Walter A, Winsauer H, Marcé-Nogué J, Mojal S, Puigdollers A. Design
characteristics, primary stability and risk of fracture of orthodontic mini-
implants: pilot scan electron microscope and mechanical studies. Med
Oral Patol Oral Cir Bucal. 2013 Sept 1;18(5):e804-10.

Holm L, Cunningham SJ, Petrie A, Cousley RRJ. An in vitro study of
factors affecting the primary stability of orthodontic mini-implants. Angle
Orthod. 2012 Nov;82(6):1022-8.

Sivamurthy G, Sundari S. Stress distribution patterns at mini-implant site
during retraction and intrusion: a three-dimensional finite element study.
Prog Orthod. 2016;17:4.

Woodall N, Tadepalli SC, Qian F, Grosland NM, Marshall SD, Southard TE.
Effect of miniscrew angulation on anchorage resistance. Am J Orthod
Dentofacial Orthop. 2011 Feb;139(2):147-52.

Lee J, Kim JY, Choi YJ, Kim KH, Chung CJ. Effects of placement angle
and direction of orthopaedic force application on the stability of
orthodontic miniscrews. Angle Orthod. 2013 July;83(4):667-73.

Arantes VOR, Corréa CB, Lunardi N, Boeck Neto RJ, Spin-Neto R,

Boeck EM. Insertion angle of orthodontic mini-implants and their
biomechanical performance: finite element analysis. Rev Odontol Unesp.
2015;44(5):273-9.

Ammar HH, Ngan P, Crout RJ, Mucino VH, Mukdadi OM. Three-
dimensional modeling and finite element analysis in treatment planning
for orthodontic tooth movement. Am J Orthod Dentofacial Orthop. 2011
Jan;139(1):e59-71.

Wilmes B, Su YY, Drescher D. Insertion angle impact on primary stability
of orthodontic mini-implants. Angle Orthod. 2008 Nov;78(6):1065-70.
Long M, Rack HJ. Titanium alloys in total joint replacement: a materials
science perspective. Biomaterials. 1998 Sept;19(18):1621-39.

Chun HJ, Cheong SY, Han JH, Heo SJ, Chung JP, Rhyu IC, et al.
Evaluation of design parameters of osseointegrated dental implants using
finite element analysis. J Oral Rehabil. 2002 June;29(6):565-74.
Motoyoshi M, Yano S, Tsuruoka T, Shimizu N. Biomechanical effect

of abutment on stability of orthodontic mini-implant. A finite element
analysis. Clin Oral Implants Res. 2005 Aug;16(4):480-5.

Zhang Y, Zhang D, Feng C, Peng P, Hu H, Kawakami T, et al. A three-
dimensional finite element analysis for the biomechanical characteristics
of orthodontic anchorage micro-implant. J Hard Tissue Biol.
2006;15(2):69-72.

Dental Press J Orthod. 2020 Nov-Dec;25(6):59-68



