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3D analysis using F inite Element Method
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ABSTRACT

i i d Ithout equent
v k h isti rket. Preformed archwires are use T
Aim: Several bracke! characteristics are now in ITIE P ! form h I‘ I .W f
n I d.lo V- S used i any situations. is bend as a basic maneuver is assessed thor-
ee add bends. V-bends are n man ns. Th r

oughly n this study.

Materials and Methods: Finite Element Method (FEM) was selecte;d to an:ly;e :vh;esrr;u;:gzaAAa\E
inci ith their supporting structures and an archwire : y
model of two maxillary central incisors with t el
iti defined. Forces produced were mo A
different positions relative to the teeth was : producec 7
tl;zn:uilntsf Centerpv-bend (a/L=1/2) produced two moments in opposite direction. Moving towards one tooth

added vertical forces in opposite direction . At a/L "~ 1/5, intrusive movement was noticed: whifosaigns of
intrusion and change In angulation was detected at 1/10< a/L<1/5. When a/L reached 0.42/6. same

direction of moments were shown.

Conclusion: V-bend force system is quite sensitive to its position,
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n spite of adding different characteristics 1o brackets
such as various base thicknesses, angulations of the
bracket slots, and buili-in torques 1o reduce the inaccura-
cies caused by bending wire, bends are pe
n orthodontic treatments. Cag
tion of these bends will help
malocclusion to an acce

cded in many ways
cgorizing and suitable applica-
us follow the nearest way from
ptable occlusion and prevent unwant-
ed side eflects which 1s the goal of the biomechanics.1
Normal variation in tooth form necessitates using difTerent

kands of wire bends 1o setle the occlusion and accomplish
treatment satisfacton|y.

Bends are useful 1n man

7 Y ways, root parallelism, in (he
process of the extraction sjge

closure, lipping back the termi-
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nal molar for anchorage purposes. V-bends ha\"t dilferent
names depending on their position and purposes.’ i~
Less than half a century ago finite clement :nclhud( E.m-
was introduced in acrospace industry and soqn cnlcr.cf mm :
logic sciences. From the very beginning Or_“"' ‘Wht;:;_m,
biologic sciences, FEM has proven its efliciency lf‘ hlcorc!*f
ways from confirming a basic topic' to evaluating -]_1 , toolh
background* and from normal situations mecn"t‘i-wm
movements® to special situations like ﬂl\'colﬂ_r bO"_L ira ord
tion in orthodontic tooth moyementss?® i_‘""i ln.ml :I' ol
force application in orthodontics® to OP"““”“‘?:”&“
dontic mechanotherapices'® or treatment procedure
in finding an answer 10 a clinical question'”.
Burstone and Koenig! presented an excell
tion of wirc bracket relationships and discussed e auh
tems produced in cach situation. In 1988 lhc.hﬂm y
published a detailed survey of the forces E"ml:] in can™
and V-hends, Clinical application of a V. bel

ad alse

ent c!:n.ml'u‘;r

Y.,
lhc force !‘.\
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has been clearly cvaluated by Siatkowski's,
~(jon Nas p
B eri Metho B |
Matenal and snal (3D) finite element model (FEM) of

i A tlm‘c-dimcnsll] incisors and an archwire was designed.
lary C“'“mm-ﬂ‘(,_; nodes and 25761 elements (Fig,
anatomy'® with minor modifications
- 1o pest shape. 3D brick isoparametric octahedral

1o obtain the }‘ <en to construct the solid model and 3D
- “‘njl::c;mslrucl the archwire. The model contained
i or central inCisors, PDM, spongy and comcal‘ bone
e vrP e models with the same shape except for the

[ and 13 archwire mic o ' ot the archuire
ition of the V-bend. At cach phasu, one of the archwires

Z :;h heen assembled to the 5D S.O‘lld model. ‘ . -
The roots were split into fifteen levfel.s Ot. varying Vt!l’l'l-

f cal heights (Fig. 1)- The boundary condition is important in
| FEM and reflects the real situation of the body under study.
| This characteristic shows the manner of movements that
’ occur at the nodes and their relationships. All the nodes at the
base of the model were fixed so as not to move when subject-
ed to force systems. The analyses were performed on a
| Pentium 1V personal computer by ANSYS Ver.5.4 (ANSYS
! Inc. Southpointe, 275 Technology Drive Cononsburg PA
15317, USA). In this study, Poisson's ratio of the PDM was
assumed to be 0.49, which gives an incompressible nature to
it and explains its biological characteristics rather accurately

(Table 1).

Archwire insertion was modeled by defining real relation-
ships between a definite point of the archwire and tooth. It is
called constraint in FEM modeling. In this way, some given
paramelers between two or more points in a part of the model
arerelated to other points. Points of interest on tooth surface
Were similar to mesial and distal wings of the brackets. Inter-
bracket distance was assumed to be 6.408 mm. Harmonic
:::‘;::;2: :el\\'e.en these points will be considered. This is

Y which bracket engagements were modeled.
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Table-1 L Mtduﬂical

Al’Ch\s i[e Cnd
Men(s

properties of the structural elements of the study
were reslrizl‘:;rc,mcdc{ed so that 1.1” ki.nds of displace-
Al each ol except for the |11e5|({-d|slal one.

Surface rcsc,‘nb(;-rce data for ll_le defined no_dcs on the
Preteqd din Ing bracket wings were derived, inter-
& 1o different tooth movement types) and

¢ (aCC("
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reported in tables,

Results

Numeric data was deriverd £
wings. In ct:l:.lr‘\\/vl::ui:“(w;j Iil_om:ndcs e
tem produced is two ¢ In' N 3“"(')4/6'
the displacement of \;f]huc‘:ulmll‘;]ooppomc momcn%s.. Following

4 m the center position towards
oﬂ-_ccnlcr ones, a clear change in the nature of the findings is
noticeable. (Table 2)

. Decreasing the distance between the bend and the upper
right bracket produced a force syslem containing both forces
and moments. Moving towards URI, when a/L=1/5
(=19.94%), intrusive movement of UL is started in addition
to a change in angulation (i.c.; presence of a moment). Pure
intrusion was altained at a/L=1/10 (a/L=0.636/6.408) at this
point, angulation change was not detected.

At the end stage of V-bend study (a/L=0.422/ 6.408),
same direction of moments can be noticed in both brackets in
addition to vertical forces same as previous stages. (Table 2)

The more V-bend moves from the center position, the
more increasc in intrusion was noticed at the long arm seg-
ment of the V-bend and more extrusive movement in the
small segment of the wire. (Table 2)

A brief summary of the above mentioned movements is
presented in figure 2a through 2d

ned as bracket
408) the force SYs-

Discussion

Young's Modulus

Poisson's Ratio

(N/mm?2) '/0_56—"//
20300 /079/”
0.667 M}(’/

67
13700 /"”0'23/‘
180000 /

e
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Fig.2c. pare intrusion in UL1

V-bend is employed in many situations in accur
ing of teeth for example after extraction space ¢l
force system developed by adding a V bend

ate adjust-
osure. The

10 a wire has
been estimated > i i i

adjacent teeth.

"~ As shown in lable
produced by a V beng
ual change from one t
tance of the V-bend
brackets.

a-  When a/L is ec
middle of the distance

3 there are four sets of force
according 10 s position w
0 the other, a/ is the
apex to the whole

systems
ith a grad-
ratio of the djs.
distance between two

Jual with 0.5, 1

bend is plae
between tw

ed in the
0 brackets, the force Sys-
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Fig.2d. moments in two teeth with same sen

. . eILS \\'i!ho
tem is two equal and opposite mome

) . ith previous
This finding is in accordance with p

bend, can be 10 converge or to di\'e.rge lhe':;
teeth involved. In this stage, there is not ad
ment in teeth involved. On the Olher-hlir;l};
crepancies can be tolerated between the

: ing this be
of center V bend application. Applying

o 3a)
] p e d.(F1g >
mination of leveling is not suggested.(

b- When 0.2< a/L<0.5, There are d[]-;ﬂ;
vertical forces in addition to two mOm_en]_fo
and magnitudes. The nature of the verj“ca SIVE
in the t(?()lh nearer to the V bend and m[rtl;]e m
Moving towards one bracket decreases
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Fig.3c. pare

intrusion in UL 1

on the farthe ing its di
i, 0n’r ?rgckel maklng 1ts displacement more like an
Silhor er. his ﬁndmg. by nature, is in quite agreement
With |hctlr;n§,m published 13141419 but not in quite agreement
2iian Thtin(%iS of other researchers published, numerical-
walble iy |l]cn_:nces may be due to the various data
} Ire¢ s e . o H
lances (Fiy 3y lillness, bending, and interbracket dis-
C- wh
_ en 0 |< . ; .
chicyeq, |, A< all< 0.2, intrusive movement is
. ’ OWCVLT 'niXCd \Vilh , l ‘ . “
he pre a change i angulation which
:sence of ¢ : ;
"Ming 4l ding rnCL of a moment in that bracket. This
(3 . ; S 1 a o 2
Pteq g 0T om other researchers. Ronay et al.2
When W= |

el (jo pure intrusive movement of the far-

+ ULT in thjs study) is noticed. (Fig 3c)
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directims and moment senses

Fig.3d. moments in two teeth with same sense

e-. Inthe last stages of displacing V bend along the dis-
tance between two brackets, when a/L< 0.1, two moments off
the same sense appear in the force system in addition to two
vertical forees of opposite sense. It can be considered that in
this situation, while the moments have the same sense. a rel-
atively greater amount of forces should be generated to main-
tain the cquilibrium. (Fig 3d)

Dellinger® after conducting 2 cephalometric and histo-
logic study concluded that the intrusion is not Iikc_Ix to eceur
clinically while the extrusion occurs. In this way, 1t ns‘unp-a')r—
tant to be alixﬂarc that hyalinization and indirect rcsom““" ‘-":
be anticipated. Loss of vertical control is the other importan

. .. »which is in com-
poinl worth considering in clinical use W hich 1s not In

plete accordance with the findings of this study.
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Spring g

Distal Wing of UR1 | Mesial Wing of UR1 | Mesial Wing of UL1 |  Distal Wing of Uty
Vertical Force (grf) Vertical Force (grf) Vertical Force (grf) Vertical FW
Center Position -27.592 26.977 26.998 -27-500\‘]i
2 -15.433 17.296 9.7507 -12.162 '
3 .16.088 18.735 8.2514 -11.507 I
4 -16.743 20.234 6.7521 -10.852
5 -17.421 21.728 52789 -10.194
6 -18.074 23.222 3.7846 -9.5412
7 -18.727 24.716 2.2904 -8.8883
8 -19.379 26.210 0.79618 -8.2354
' 9 -20.032 27.704 -.69804 -7.5825
10 -20.685 29.198 -2.1923 -6.9296
1 -21.337 30.692 -3.6865 -6.2767
v 412 -21.990 32.186 -5.1807 -5.6238
13 -22.643 33.680 -6.6749 -4.9708 |
Table-2. I'orce data of mesial and distal wings of’ the brackets adjacent to
the V-bend. Inter-bracket span = 6,408 mm.
* = Negative data refer 1o intrusion and positive ones to extrusion
¢ = Vhend position maving away from the center towands upper right central incisor (URT).
+ = the beginning stages of the intrusive mosement
+ + = Pure intrusion
alL ':“"“"' Moment F(dist)- [ Moment | URI Force ULI
(mes.) (gr-mm) F(mes.) (gr-mm) SYS. Force sys.
3.204!6.408# =0 115128 =0 +115.128 O )
2.99!6.408 +0.959 -62.334 -1.567 +47.45 oY 10 -
2.776'6.408 +1.863 -65.096 -24113 +41.128 ud 10
2.56216.408 +2.647 -67.86 -3.2556 +34.804 350 10
2.348!6.408 +3.491 -70.62 —.0999 +28.48 o 10
= 2!34_'310_37#_ +41.307 -73.48 <9151 +22.266 b 420
1.920'6.408 +5.148 -76.24 -5.7566 +15.963 LY 20
[ 3 B
1.706!6,408 +5.989 7899 -6.5979 +9.660 ov 10
1.492!6.408 +6.831 -81.74 -7.4392 +3 3509 ]
s 2 3.3582 UV A0
+1.278'6.408 +1.672 -84.49 -6.8845 4235
e — 23.568 LY 2O
1.06416.408 +18.513 -87.25 -4.7373 416211 |
211 ov 10
0.850'6.408 +9.355 -89.99 22,5902 +8
£ - 864 (SN 7 10
0.636'6.408 +10.196 -92.75 -1.4431 0 Od
0.42216.408 +11.037 -95.508 +1.7041 Tie T o +
e 2 O Y

Table-3. Various force systems produced by different V-bend pasitions.
* = (he dilference between forces applied to the bracket wings.
vo = Clockwise moments are indicated by "=" and counterclockwise moments

are indicated by "+

# = Center V-bend position moving low ards LIR].

.

= the beginning stages of intrusion ( with

angulation change )

Scanned with CamScanner




of Onils sdontics

el J.)m‘nff
s MO

The sensitivity of the v bend placement is obvious in table
king it difficult to apply. On the other !15111}1. increasing
inter-bracket distance decreases the sensitivity.

" There are situations when a V bend can be applied to
mwo adjacent teeth. A complete knowledge of the force
ems imolved in this situation is needed to explain or
ome the side effects. Considering the V-bend principle,
recommendations have been provided for the placement
fthe T-loop.2! Itis our duty as a chnician 1o find out the exact
ior of the wire we use when applying bends in it.

~ The present article based on a 3D FEM research provided
he clinician with practical points in placing V-bends between
adjacent teeth and making it clear that differences
etween materials from mechanical point of view, manufac-
quring. and handling necessitates a complete knowledge of
handling the exact material we are applying if a desirable
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