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n Does Change in Thread Shape 
Influence the Pull Out Strength of 
Mini Implants? An In vitro Study.

INTRODUCTION
The term “anchorage” in orthodontics is defined as the nature and 
degree of resistance to displacement offered by an anatomic unit 
when used for effecting tooth movement [1]. Over the years, various 
methods have been used for achieving anchorage in orthodontics 
such as Begg’s differential force and anchor bends, headgears, 
lingual arches and the lacebacks and bendbacks in the McLaughlin, 
Bennett, Trevisi (MBT) philosophy. Yet, the pursuit for a true anchorage 
device continued over the decades. Temporary Anchorage Devices 
(TADs) have revolutionized the field of orthodontics in the present 
scenario [2,3]. The various TADs used in contemporary orthodontics 
include mini implants, onplants, miniplates, zygomatic implants 
and palatal implants. Mini implants are the most commonly used 
temporary anchorage devices. They show numerous advantages 
over other TADs such as lower cost structure, ease of insertion and 
removal and versatility of placement [4-8].

Stability of mini implants can be either primary or secondary.  Primary 
or short term stability is determined by mechanical retention of the 
screw in bone (bone properties), engineering design and placement 
technique. Secondary or long term stability is determined by bone 
characteristics, bone turnover and by limiting micromovements. 
Over time, primary stability decreases and secondary stability 
increases. Clinical success of the mini implant is dependent upon 
the combination of primary and secondary stability [9-11].

The factors in the design of the mini implant, which affect its stability, 
are pitch of the screw threads, length, diameter, taper of the mini 
implant, form of the tip and surface of the thread. Various in vitro 
studies have shown the importance of these factors affecting the 
stability of mini implants [12-18]. The aim of this study was to 
evaluate the effects of thread shape on the pull out strength of mini 
implants. The research hypothesis was that changing the thread 
shape influences the pull out strength of mini implants.

MATERIALS AND METHODS
This in vitro comparative experimental study on thread design of 
mini implants was done at SRM dental college, Ramapuram, 
Chennai, India, in the year of  2014 over a period of six months. 
Fifty Titanium Grade V mini implants of dimension 1.5 mm x 8 mm, 
self-drilling type were manufactured by incorporating five different 
thread shapes. The mini implants to be used for this study were 
evaluated using Scanning Electron Microscope (SEM) at Anna 
University, Chennai [Table/Fig-1a,b] to check if the different thread 
shapes had been accurately designed by the manufacturer. The five 
different thread shapes of the mini implants used in this study were 
[Table/Fig-2a-e]:

1.  Reverse buttress [Table/Fig-2a]

2.  Buttress [Table/Fig-2b]

3.  750 joint profile with flutes [Table/Fig-2c]

4.  Trapezoidal [Table/Fig-2d]

5.  Trapezoidal fluted [Table/Fig-2e]

The five groups of different thread shapes with 10 mini implants 
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ABSTRACT
Introduction: Mini implants form a valuable source for absolute 
anchorage thereby helping in achieving ideal treatment outcome. 
Stability of the mini implant is one of the important factors 
affecting the success of mini implants. Thread shape is a critical 
factor in the engineering design of mini implant, which affects 
the primary stability.

Aim: To evaluate the effects of thread shape on the pull out strength 
of mini implants.

Materials and Methods: Mini implants of five different designs in 
thread shape (reverse buttress, buttress, 750 joint profile with flutes, 
trapezoidal and trapezoidal fluted) were used with 10 screws in 
each group. The mini implants were loaded on to the polyurethane 
foam block (Sawbones pacific research lab, USA) perpendicular to 
the surface and the pull out strength was tested using the Instrom 

testing machine. The control group consisted of mini implants 
with reverse buttress thread shape. One-way ANOVA and Tukey 
post-hoc tests were used to compare the pull out strength of the 
mini implants within as well as between the different groups. 

Results: The mean in the pull out tests ranged from 13.45 N 
(trapezoidal) to 61 N (trapezoidal fluted). The tukey post-hoc 
tests showed a statistically significant difference of 34.5 N 
between the control group and the trapezoidal fluted group. The 
level of statistical significance showed p< 0.05

Conclusion: Trapezoidal fluted mini implants showed the 
highest pull out strength when compared to mini implants with 
other thread designs used in this study. Further studies with the 
use of Finite Element Method (FEM) and foam blocks of higher 
density would be required to evaluate the performance of this 
new thread design.

[Table/Fig-1]: (a) Scanning electron microscope, Anna University, Chennai; (b) Mini 
implants mounted on SEM platform for evaluation of thread design.
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[Table/Fig-4]: Mean, standard deviations, standard error of mean values of pull out 
tests (ANOVA applied).
* denotes significant level of significance

[Table/Fig-5]: Means for groups in homogeneous subsets (Tukey post hoc test).

[Table/Fig-2]: (a) SEM view of reverse buttress thread design; (b) SEM view of 
buttress thread  design; (c) SEM view of 750 joint profile with flutes thread design; 
(d) SEM view of trapezoidal thread design; (e) SEM view of trapezoidal fluted thread 
design.

in each group were then subjected to pull out test. The control 
group consisted of mini implants with reverse buttress thread shape 
[19]. To ensure the uniformity of evaluating the pull out strength, 
a synthetic polyurethane foam block was used (procured from 
Sawbones Pacific Research Laboratories, Washington, USA).The 
specifications of the block were dimensions of 13 cm x 18 cm x 4 
cm and density of 0.20 gm/cc (12.5 pcf). All the mini implants were 
self drilled on to the polyurethane foam block perpendicular to the 
surface at 1 cm intervals [Table/Fig-3a].

The pull out test for the mini implants was performed at Metmech 
laboratories, Chennai. The pull out test is one of the invasive methods 
used to evaluate mini implant stability, design of dental implants and 
also to test the mechanical interface between the implant and the 
bone [20-22]. It is the force required to pull out the mini implant from 
the bone/artificial foam block when applied vertical to the surface of 
the bone/artificial foam block. The polyurethane foam block used 
in this study was loaded and clamped on to the Instrom testing 
machine. The loading arm was oriented perpendicular to the screw 
head to apply a pull out force parallel to the long axis of the mini 
implant. The mini implants were secured to the loading arm using 
ligature wires (0.018”) of 5 cm length [Table/Fig-3b] to eliminate 
any bias out of using varying lengths of ligature wires which may 
influence the pull out force values [23]. The loading arm was then 
moved at a rate of 10 mm per minute to facilitate pull out of the mini 
implants [19]. In this study, pullout strength was measured as the 
peak force recorded in the auto Instrument software when the mini-
implant dislodged from the synthetic bone support [Table/Fig-3c].

This was repeated for each of the mini implant and with unloading 
of each mini implant, a graph (Load in KN vs Displacement in mm) 
was simultaneously plotted using auto Instrument software [Table/
Fig-3d].

STATISTICAL ANALySIS
Descriptive statistics involved the calculation of mean, standard 
deviation and standard error of mean for the pull out tests [Table/
Fig-4]. One-way ANOVA and Tukey post-hoc tests were used to 
compare the pull out strength of the mini implants within as well as 
between the different groups [Table/Fig-5]. The level of significance 
was p<0.05.The statistical analysis was done using Statistica 
software (StatSoft, Inc. USA). 

RESULTS
The pull out values for the mini implants with different thread 
designs were noted as observed in the auto instrument software. 
The mean in the pull out tests ranged from 13.45 N (trapezoidal) 
to 61 N (trapezoidal fluted) as shown in [Table/Fig-4]. The Tukey 
post-hoc tests showed a statistically significant difference of 34.5 
Newton between the control group and the trapezoidal fluted group 
[Table/Fig-5].

DISCUSSION
One of the most important aspects of successful orthodontic 
treatment is catering to anchorage needs based on individual 
patients’ requirements. Mini implants are used in the current scenario 
to provide absolute anchorage. Stability of the mini implants forms 
the core for successful orthodontic treatment using mini implants. 
The design and stability of orthodontic mini implants are inter-related. 
Implant body surface area, cross-sectional area, and volume, the 
insertion torque, stability, and stress are related to the thread size 
and profile. Tighter pitch near the head and larger diameter of the 
mini implant ensure better primary stability [16,24].

Thread shape is one of the important factors to be taken into 
account when a mini implant, which will be subject to early loading, 
is designed. Thread shape factor is defined as the ratio between the 
thread depth to the pitch of the screw. The thread shape factor is 

S.no
type of thread 
Design of Mini 

implant
n Mean

Std. De-
viation

Std. 
Error of 
Mean

p-value

1 Reverse buttress 10 27.40 3.273 1.035

<0.001*

2 Buttress 10 26.50 2.321 0.734

3 750 joint profile 10 26.70 5.334 1.687

4 Trapezoidal 10 13.45 2.967 0.938

5 Trapezoidal fluted 10 61.00 8.097 2.560

Group n
Subset for alpha = 0.05

1 2 3

4 10 13.45

2 10 26.50

3 10 26.70

1 10 27.40

5 10 61.00

Sig. 1.000 0.994 1.000

[Table/Fig-3]: (a) Self drilling of the mini implants onto the polyurethane foam 
block at 1 cm intervals; (b) Mini implant secured on to the loading arm of Instrom 
machine using ligature wire (0.018”); (c) Unloading/pull out of the mini screw from the 
synthetic foam block when vertical force is applied; (d) Graph obtained from the auto 
instrument software (load in kN vs sisplacement in mm).
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influenced in a relation such that mini implants with smaller pitch and 
greater depth show greater pull out strength in synthetic materials 
mimicking bone [19,25-27].

In this study, the mini implants were tested for stability using forces 
applied perpendicular to the surface of the synthetic polyurethane 
foam block. This was done because angulating the mini implant to 
the bone block has an effect on the pull out strength as it ensures 
greater surface area of the mini implant in contact with the foam 
block [27]. According to Devlin H et al., the density of posterior 
maxilla, being 0.31 gm/cc, is considered least among all the sites 
for implant placement [28]. The density of the polyurethane foam 
block (0.20 gm/cc or 12.5 pcf) used in this study can be deemed to 
mimic the worst possible clinical scenario. Previous in vitro studies 
by Gracco A et al., and Alrbata RH et al.,  have used two layered 
foam blocks of greater densities (30 to 50 pcf) [19,27].

There are several techniques for evaluating the stability of mini 
implants. The non invasive methods, such as radiographic analysis, 
finite element analysis, percussion test, pulsed oscillation waveform, 
impact hammer method and resonance frequency analysis, are those 
wherein the bone implant interface is not disturbed. The invasive 
methods include histologic and histomorphometric technique, 
cutting torque resistance analysis, reverse/removal torque value, 
insertion torque analysis and pull out test.

According to Salmoria KK et al., pull out tests are more efficient 
(easier to show difference) than insertion torque analysis and hence, 
they are more commonly used for evaluating the different designs 
in mini implants [29]. Hence, in this study, insertion torque analysis 
was not done and only the pull out test was performed for the mini 
implants with different thread shapes.

For the first time, a trapezoidal fluted thread shaped mini implant 
was tested for pull out strength and this mini implant showed the 
highest value of pull out strength (75 N). Trapezoidal thread design 
with flutes had better primary stability than the control group (reverse 
buttress). The results of this study also showed that among the mini 
implants with different thread shapes, the lowest pull out strength 
was observed in the trapezoidal group.

Previous studies have shown that mini implants with asymmetric 
thread design (with 45 leading and 90 trailing angles) have shown 
better pull out strengths [30-32]. In the study by Wu JH et al., the 
pull out values of the mini implants was in the range of 109 to 139 
N/cm [23]. The mean values in the pullout tests in the study by 
Gracco A et al., ranged from 170 N to 192 N [19]. When comparing 
with these studies, the mean values of this study were significantly 
lower (13.5 N to 61 N). This could be attributed to the fact that in the 
above mentioned studies the foam block used were of considerably 
higher density or the foam block used was bi-layered (upper layer 
with higher density and lower layer of the block of lesser density). 

LIMITATION 
The key limitation of this study is that only one density of polyurethane 
foam block was used. Further, in vitro studies with foam blocks 
of higher densities would be required to check the efficacy of the 
trapezoidal fluted mini implants. This study could not mimic the 
clinical environment wherein the stability of the mini implant is 
influenced by the contact with cortical bone. Hence, pull out tests 
would be needed to assess how these different thread types will 
perform when pulled out from foam blocks of varying densities or 
higher densities (40 pcf-60 pcf). 

CONCLUSION
For the effective use of mini implants in contemporary orthodontics, 
the thread shape of mini implants is one of the most important factors 
to achieve ideal primary stability. In this study, trapezoidal  fluted mini 
implants showed the highest pull out strength. This thread design 
might produce higher primary stability thereby ensuring for better 

clinical success by the use of these mini implants. Hence, clinicians 
for routine use of mini implants might favour this thread design 
during orthodontic treatment. Further studies using FEM analysis 
and foam blocks of different densities may be required to establish 
the performance of the trapezoidal fluted design when compared to 
the other thread designs.
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