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thereby preventing the anchorage loss. Various studies have
revealed that the stability and success of the mini-screws are
affected by age 1, sex 2, craniofacial skeletal pattern 3, site and side
of application, mini-screw design feature (like diameter, length and
shape) 4-7 insertion torque 8, insertion angle 9, quality and quantity
of the cortical bone 10,11thickness and mobility of the soft tissue 12.

MATERIALS AND METHODS

       A 3D finite element model of solid bone measuring 10 mm diam-
eter, 11 mm length and 1.5 mm layer of dense cortical bone 18 sur-
rounding a core of cancellous bone was generated on a computer
using Pro/Engineer software (Parametric Technology Corporation,
Needham, MA, USA) to simplify the complex geometry of poste-
rior maxilla. Cortical and cancellous bones were modelled having
different physical properties 19. The elastic properties of bone model
were obtained from the literature 2. The entire assembly was then
exported for analysis with ANSYS Workbench (ANSYS 12.1v, Inc,
USA) through a bi-directional understandable translated system
called initial graphics exchange specification (IGES).

Materials and methods : 3D finite element model of maxillary bone (both cortical and cancellous) and mini-screws were generated
on a computer to evaluate stress values at bone and mini-screw interface with varying the angle of insertion, length and diameter. Mini-
screws having diameter of 1.6 mm and 2 mm were used.  The length of miniscrews was fixed at 8 mm, 10 mm and 12 mm. These were
inserted at 4 different insertion angles of 450, 600, 750 and 900.
Results : Comparison of the maximum von Mises stress in the cortical and cancellous bone showed that stress/strain field that
develops at the mini-screw and bone interface decreased with increase in diameter, length and insertion angle of the mini-screw.
Conclusion : Wider bi-cortical mini-screws should be preferred over mono-cortical mini-screws and should be placed as perpendicular
to the bone as possible for better and enhanced stability.
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ntroduction of absolute anchorage devices such as mini-
screws are a boon in clinical orthodontics as the control
undesired tooth movement of the  anchorage unitsI

      Most of the previous studies on mini-screw stability were done
to investigate the influence of diameter and length when mini-screws
were used mono-cortically 4, 5, 7, 12-14. Very few studies have been
undertaken to investigate the influence of diameter, length and
insertion angle using bi-cortical mini-screws. Studies using bi-
cortical mini-screw have focused on their anchorage potential alone
15, 16.
      Finite element analysis (FEA) is used to study stresses and
strain in the field of engineering and also it is practically useful to
simulate situations in the maxillofacial region by elucidating stresses
caused by various internal and external forces 17. Therefore the
present study was undertaken using FEA to evaluate the stress/
strain field that develops at the mini-screw and bone interface using
different diameter, length and insertion angle of the mini-screw so
as to facilitate optimization of mini-screw design for optimal
anchorage.

     Mini-screws (T- Bio Tech Co. Ltd, Korea) were scanned by a
structured light scanning technique and a solid mini-screw model
was reconstructed by a reverse engineering programme (Ideas
Siemens, Germany). After incorporating the material properties
(Table no. 1) and anatomic specifications of the mini-screws into
the software (ANSYS 12.1v ANSYS Inc, USA) the model of mini-
screw was generated.
       Twenty four solid bone models simulating the posterior maxilla
were developed and six mini-screw models were developed having
diameter of 1.6 mm, 2 mm and length of 8 mm, 10 mm and 12 mm.
Each mini-screw was inserted at 4 different insertion angles of 450,
600, 750 and 900. A simulating force equivalent to a retraction force
of 300 grams (to simulate the anterior teeth retraction) was loaded
horizontally (i.e. mesio-distally) to the head of the mini-screw to
analyze the magnitude of stress using ANSYS Workbench (ANSYS
12.1v, Inc, USA) a 3D finite element analysis program. An
assessment of the stress on the bone and mini-screw interface
elements was performed by using von Mises equivalent stress
contour at outer cortical and cancellous bone. Stress values at
bone and mini-screw interface with varying the angle of insertion,
length and diameter of mini-screw were observed.
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Table no. 1: Material Properties of Mini-screw

RESULT

The present study was aimed to evaluate the amount of stress/
strain field developing at mini-screw and bone interface with mini-
screw diameter of 1.6mm and 2mm, and lengths of 8mm, 10mm and
12mm by varying the angle of insertion at 450, 600, 750 and 900. The
difference of strain/stress magnitudes was compared to facilitate
optimization of screw for optimal anchorage.  A colour scale showing
von Mises stress distribution with 9 stress values was used to
evaluate quantitatively the stress distribution in the bone and the
mini-screw interface (Fig 1, 2, 3). The scale for stress ranged from 0
MPa (blue) to the highest stress values (red). Red colour  indicates
areas with the highest stress and blue indicates areas with the
lowest stress.

Fig 1.Bone model showing stress distribution on bone and the
mini-screw interface at different angles of insertion.

Fig 2. Cortical bone model showing stress distribution on bone
and the mini-screw interface at different angles of insertion.

Fig 3. Cancellous bone model showing stress distribution on
bone and the mini-screw interface at different angles

of insertion.

     The maximum von Mises stress values obtained from scale in
cortical and cancellous bone and mini-screw interface was recorded
and compared with the help of Table no 2, 3, 4 and 5. Results show
that when the angle of insertion was increased from 45 degree to 90
degree there was a decrease in von Mises stress values at mini-
screw and bone interface. The percentage decrease in von Mises
stress values from 45 degree to 90 degree were observed, when the
diameter of mini-screw was 1.6mm at length of 8mm, 10mm and 12
mm was 51.04% , 54.10% and 69.86% respectively. Similarly with
the diameter of 2 mm, the percentage decrease in von Mises stress
values was observed to be 52.04%, 53.88% and 67.39% at 8mm,
10mm and 12mm length respectively.

DISCUSSION

       FEM is a technique capable of analyzing the biomechanical
tissue response by providing the point-wise (nodal) displacements.
The finite element analysis technique is reliable for stress analysis
as shown by DeTolla DH et al 20and Geng JP 21. It is virtually
impossible to measure stress accurately around bone and micro-
screw interface in vivo. Hence, this study was done to evaluate
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amount of stress/strain field developing at mini-screw and bone
interface with varying diameter (1.6mm and 2mm), length (8mm,
10mm and 12mm) and angle of insertion (450 , 600, 750 and 900) to
facilitate optimization of mini-screw used as anchorage in orth-
odontic clinical setup.

Table no. 3 Maximum von Mises stress values obtained for a mini-screw of 2 mm diameter in buccal cortical bone.

Table no. 2 Maximum von Mises stress values obtained for a mini-screw of 1.6 mm diameter in buccal cortical bone.

Table no. 4 Maximum von Mises stress values obtained for a mini-screw of 1.6 mm diameter in cancellous bone.

Table no. 5 Maximum von Mises stress values obtained for a mini-screw of 2 mm diameter in cancellous bone.

     Results of our study show that cortical bone takes up the
maximum amount of stress out of overall stress transferred from
mini-screw to bone. This is because the cortical bone has higher
Young’s modulus therefore it sustains higher load resistances and
deformation than does cancellous bone. Secondly, the bending
mode, as identified in the mini-screw stress, has more effect at the
base support region, as justified by the concentrated high base
stress in the entrance region of the cortex, than the rest of the
embedded region, a straighter and less bent region. These results
are best supported by previous finite element analysis studies by
Moon CH 22 and Noble J 23 who showed that cortical thickness and
density determines the overall load transfer from mini-screw to the
bone, and the density of cancellous bone plays only a minor role in
resisting this force.

     The results of this study have shown that when the angle of
insertion was increased from 45 degree to 90 degree there was a
decrease in von Mises stress values at mini-screw and bone
interface. The percentage decrease in von Mises stress values
from 45 degree to 90 degree were observed, when the diameter of
mini-screw was 1.6mm at length of 8mm, 10mm and 12 mm was
51.04% , 54.10% and 69.86% respectively. Similarly with the diameter
of 2 mm, the percentage decrease in von Mises stress values was
observed to be 52.04%, 53.88% and 67.39% at 8mm, 10mm and
12mm length respectively. The reason for the same may be attributed
to a decrease in the insertion depth for the decreased angle of
insertion and the longer distance the screw has to travel within the
cortical bone. Similar results have been shown in a study by Zhang
Y 24 who analyzed the influence of different tilted angles including
300, 400, 500, 600, 700, 800, and 900 on the biomechanical characteristics
of orthodontic anchorage at the implant-bone interface. Results
similar to our study was obtained by Jasmine F,  ArifYezdani M,
Tajir F, and Venu MR 9 who compared the maximum von Mises
stress in the mini-screw, cortical and cancellous  bone and showed
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that, as the insertion angle was increased from 300 to 900, there was
decrease in  stress values in both the cortical and the cancellous
bone. Noble J, Karaiskos NE, Hassard TH, Hechter FJ and Wiltshire
WA 23 found that removal of a temporary anchorage device that
had been inserted at an angle exerted greater stress on the bone
than when the mini-screw was placed perpendicular to the bone.
This indicates that stress levels decrease as the insertion angle
increases from 300 to 900. Moon CH, Lee DG, Lee HS, Im JS and
Baek SH 22 reported that mini-screws should be inserted at 700 to
800 to the long axis of the teeth for better stability and success of
the micro-implant in the posterior buccal region of the maxilla and
the mandible.

      During the conduct of this study it was also seen that when the
diameter of the mini-screw was increased from 1.6 mm to 2mm, there
was a decrease in the von Mises stress values at mini-screw and
bone interface. For a mini screw of length 8 mm percentage decrease
of von Mises stress observed were 21.92%, 10.07%, 25.44% and
23.59% at 450,600, 750 and 900 angle of insertion respectively.
Similarly, for length of 12 mm, percentage decreases in stress values
seen were 29.94%, 18.18%, 20.04% and 24.27% at 450,600, 750 and
900 angle of insertion. This could again be easily explained by the
bending mode of the loaded mini-screw. Under bending, based on
the second moment of inertia of a cylinder, the peak stress is
inversely proportional to the third power of the diameter. Therefore,
the mini-screw diameter was the dominant factor in governing the
stress values of the structure among all investigated factors in our
study. Increasing the mini-screw diameter was the most effective
way to reduce the peak stress in cortical and cancellous bone as
well.  Earlier Lim JW, Kim WS, Kim IK, Son CY and Byun HI 28 had
done a comparison of the maximum von Mises stresses in the cortical
and cancellous and bone showed that as the diameter increases
from 1.2mm to 2.0mm the stresses decreased. Miyawaki S et al 3 had
done the comparisons between different type of screw; the type A
screw with 1.0mm diameter, type B screw with a 1.5-mm diameter
and the type C screw with a 2.3-mm diameter the success rate was
0 %, 83.9% and 85% respectively. Thus they concluded that the
success rate increased with an increase in the diameter of the mini-
screw. Other studies also found that wider mini-screws had better
stability 16.

     So our study along with the above mentioned studies are in
correlation that the mini-screw should be inserted as perpendicular
to the bone as possible. The clinical implication obtained by the
evaluation of stress pattern is to increase the angulation of the
implant from 450 to 900 to keep the stress levels as low as possible
to prevent failure of the mini-screw.
     The results also showed that on increasing the length from 8mm
to 12mm, a decrease in von Mises stress values was observed at
mini-screw and bone interface. For diameter of 1.6mm, percentage
decrease seen at angle of insertion of 450, 600, 750 and 900 were
30.20 %, 42.06%, 44.12% and 56.99% respectively. In case of
diameter of 2mm the percentage decrease observed were 37.36%,
47.29%, 26.86% and 57.38% at 450, 600, 750 and 900 angle of insertion
respectively. The reason for this can be attributed to the fact that
as the length of mini-screw increases the ability of mini-screw to
distribute applied stress increases over greater areas of the
surrounding bone. The results of this study also indicated the
marked decrease in stress for the mini-screw at length of 12 mm
with diameter of 1.6 and 2mm respectively at an insertion angle of
900. This is probably because the mini-screw passes through the
outer cortical bone as well as the inner cortical bone and becoming
bi-cortical mini-screw, with an ability to distribute applied forces
over greater areas of bone and to both outer and inner cortical
bone than that of shorter mono-cortical miniscrew. Clinically, the
advantage of using a longer bi-cortical mini-screw is its reduction
in stress at cortical and mini-screw interface which are generated
during force application using mini-screw as anchorage, which
enhance the orthodontic mini-screw stability and its success. This
might even enable the mini-screw to withstand higher forces as
well. Also the previous study by Jiang L, Kong L, Li T, Gu Z, Hou
R and Duan Y 25 showed that in combination with larger diameter
and longest length mini-screw within safety range were the optimal
biomechanical choices to be used for the maxillary posterior region.
Morarend C et al 6 in their study also concluded that bi-cortical
screws provide anchorage force resistance at least equal to larger
diameter mono-cortical screw. Hence narrow bi-cortical screw is
useful where there is insufficient room inter-proximally to place a
larger diameter mono-cortical screw. This is especially true in the
case of a patient with thin maxillary cortical bone; a bi-cortical
screw might be the mini-screw of choice.
       Added advantage of a bi-cortical over mono-cortical mini-screw
is that bi-cortical mini-screw is longer in length and similar in
diameter, so better implant stability can be achieved through bi-
cortical stabilization. As the study by Ivanoff CJ, Sennerby L, and
Lekholm U 26 demonstrated that removal torques for bi-cortically
stabilized implants were twice the values for mini-screw with mono-
cortical engagement in a study using rabbit tibiae. Freudenthaler
JW, Haas R and Bantleon HP 27 showed that some load-distributing
advantages can be achieved through bi-cortical stabilization of
implants in the jaws by engagement of the lingual cortical plate.

CONCLUSION

The following conclusions can be drawn from the study:

1. The comparison of the maximum von Mises stress in the cortical
and cancellous bone showed that

(ii) Stress values decreased with the increase in length from 8
to 12 mm. Hence the bi-cortical mini-screws provided
better and enhanced stability than the mono-cortical mini-
screws.

(iii) Stress values decreased with the increase in the
diameter from 1.6 to 2 mm.

2. The wider bi-cortical mini-screw should be preferred over mono-
cortical mini-screws and should be placed as perpendicular to
the bone as possible for better and enhanced stability.
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