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Introduction
B:?cct‘;t;l?;ﬁ the main Part of different fixed orthodon-
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torque?
Bracket bases are more or less rectangular with curved sides

(except for the lower anterior ones). The importance of its
mesio-distal length is clear biomechanically. It has a direct
effect on the inter-bracket distance which in turn affects the
forces generated by arch wires and on the timing of wire
progress and many other points which is beyond the scope of
this study. I preferred to give answer t0 the question analyti-
cally instead of giving a very short one. .
As we know, a force vector is defined by its magnitude, point
of application, its line of action, direction, and its sepsc.
Forces produce displacement of deformation 57 An impor-
tant feature of rigid body mechanics is the po§51bfllly of slid-
ing a force vector along its line of action “./hl(fh is rpost c]tl)nd

; ' es. This principle 15 €2 N
venient for analysis p‘urpos _ F whole-body
wTransmissibility". In this way, mechanical an lacing the
effects of a concentrated force 1S unchanged by riiamctefis'
y another oné which has the same

in other point along its lin¢ of action.
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A moment, has a tendency to rotate the body acting on. A
couple is applied to produce a moment. It is taught in biome-
chanic lectures that a couple has an inherent moment which
is not related to the point where the calculations are done. So,
the moment of a couple is the same with respect to cvery
moment axis perpendicular to the planc of the forces. The
vector has not a particular line of acton location and may be
drawn through any point of the plane of the couple. This
“freedom” associated with the couple vector has far-reaching
implications with respect to certain force-analysis proce-

Fig 1c.

dures.
Less than half a century ago, finitec element method (FEM)

n acrospace industry and soon entered in bio-
logic sciencces. From the very hcginf]ing of.ils um_)lic:?lion in
biologic sciencces, FEM has proven its cfTiciency in different
ways from confirming 2 basic topic !* to cv’quullng  theo-
retic background ' and from normal situations concerning

was introduced i

tooth movements 12 to special situations like alveolar bone
resorption in orthodontic tooth movements 13-15 and from
extra oral force application in orthodontics 16 to optimization
of orthodontic mechanotherapies !7 or treatment procedures
18 and also in finding an answer to a clinical question. %2
FEM is now a well-known method of analyzing complex
structures and has been successful in different parts of
research puzzles

The main goal of this study was to evaluate the importance of
the inciso-apical dimension of the bracket bases and their
thicknesses on their toqure delivery,

Materials and Methods

A lh_rec-dimensional (3D) finite element model (FEM) of a
maxillary canine was designed in Solidworks 2006 (300
Baker Avenue, Concord, Massachusetts 01742 USA.) based
on Ash's dental anatomy 21 with minor modifications to
obtain the best shape.

'Al.lhc first stage, two bracket bases with different sizes
(inciso - apically) were modeled. The first one was 3 mm and
the ss:cond one was 6 mm. (Figure 1 a,b). At the second phase
of this sluclly, the first one was modified to have a thick base
brf'lckcl with the same dimension (Inciso- apical). The first
thickness was 1.6 mm and the second one was 3.5 mm. The
n/l\odcls were transferred to ANSYS (Ver. 5.71 ANSYS
éof:osn\:su 'Ir[l)(/:\. Southpointe, 275 Technology D"i‘_'c
i Thcrgm ) 15317, USA). In this study, for the an.al)’f‘_'S
octz;hc'dral r odels were meshed with 3D brick isoparametnc
el :mzr.lt: In ordcr' to evaluate the behavior of tooth
St ﬂ;‘ld C::l lltlr_)ns.. an inciso-apical path of nodes were
s dcriv‘:d:ndaiblo-h.ngual displacements in these nodes
gr-mm was aropies, TETimposed. An arbitrary moment ofl 00
i hr: -kpp-lt .to ll'lc same position in two models con-

8 brackets with different Inco-gingival base sizes. Al
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1 E?J(())r;g;:%mm) LninjBase Thick Base
A : 1 0.05603

E 0.009137 e b
0 009144 2 0.052249 0‘052239
3 0.008299 0.0082592 3 0.048327 0.048312
‘;fgfg’%tg 8’8823;6 4 0.044203 0.04410
%—j:ng 0.005426 Z g‘giiggs gggjg:g
1004296 0.004294 : :
g____% 3057 AT 7 0.029015 0.029006
= o 0.001788 8 0.022915 0.022907
70 0000432 0.000434 9 0.016513 0.016506
7 -0.00099 -0.00099 10 0.009666 0.009659
=12 -0.00248 -0.00248 11 0.002418 0.002412
P13 -0.00224 -0.00225 12 -0.0052 -0.00521

- 14 -0.00565 -0.00564 13 -0.01315 -0.01316

E 15 -0.00731 -0.0073 14 -0.02159 -0.02159

P 16 -0.00907 -0.00906 15 -0.03025 -0.03025
B i LI T

: : : 17 -0.04908 -0.04909
=19 -0.01663 -0.01662 = T 005375
-2 -0.0184 -0.01972 : :

E 21 002049 002151 19 -0.07985 -0.07985
2 -0.02257 -0.02409 20 -0.09102 -0.09102

23 -0.02468 -0.02628 21 -0.09908 -0.09902

1 Hims 002539 22 -0.13715 :0.13685

§ -0.02884 -0.02757 23 -0.14675 0.14672

. % -0.03093 -0.03063 24 -0.15792 01579

- Z__ 003278 :0.03258 25 101691 016909

I?ble 1, displacements produced in two models Table 2. displacements produced in two models With different bracket

th difT ..
erent bracket base lengths (incio-apically). base thicknesses.
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Fig 2b.
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the second phase of analysis, a 900- gr-mm n-mmcnt was
applied 1o the models arbitrarily and assessed in the same
way as the first phase. The model consisted of 13260 nodes
ami 2465 clements.

Anv difference between two sets of output data could be
cxp;laincd by the presence of a difference between two dis-
placements and their abi:ity to delive torque.

Results

All displacements in labio-lingual direction was
derived and prepared at Table 1. The highest displacements
were at the incisal edge which were 0.032578 mm for the
model with short base (Inciso-apically) and 0.032782 mm for
the model with the long base.

The same amount of displacement was also noticed
in the apical area of both models, 0.0099529 mm for the short
base and 0.0099616 for the long base one.

The findings for the second phase followed almost
the same behavior except for the amount of displacements.
The greater the amount of torque applied the higher displace-
ment produced. Occurrence of the highest displacements at
the incisal edge was anticipated; 0.16910 mmfor the thin base
bracket and 0.16909 mm for the thick based one. 0.056030
mm and 0.056010 mm of displacement was produced at the
incisal edge for the thin and thick based bracket respectively.
(Table 2)

Discussion

The importance of bracket base thickness and size (inciso-
apically) was assessed numerically. There are certain princi-
ples in mechanics that are taught inlectures. A pile of data
which are expected to be learned by students most of which
need to be thought over accurately before recognized. Free
vectors are such an important one among the others. It is stat-
ed that the effects of a free vector is independent of its point
of application. A moment is a free vector. We are dealing with
a solid body composed of the tooth, a thin layer of the bond-
ing material, and the bracket itself. As viewed in figure2a,b
the curves of displacements produced in the nodes along the
inciso-apical path are overlapped. The easiest explanation of
these findings was to confirm the freeness of the moment
vector, no matter where it is applied. Not only the base size
but also the base thickness is not considered important in
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torque delivery of the brackets designed. In this way, it j ot
needed to standardize the base size and thickness. OF course
there arc considerations in modifying bracket base sia:
Mesio-distally which are beyond the scope of this article ¢,
be assessed.

This study was limited to the displacements produced ang
could be expanded to stress assessments in the interface
(composite layer) or bracket basc. At that situation, some dif.
ferences between stress output of two stages could be anticj.

pated.
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