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Abstract: Problem statement: Orthodontic teeth movement is influenced by tharabteristics of the
applied force, including its magnitude and directishich normally based on the shape of ellipsoid,
parabolic and U-shape that are symmetry. Howehés will affect the movement of the whole set of
tooth. Approach: This study intends to compare the form of gentzreth with another method called
cubic spline to get a minimum error in presentihg general form of teeth. Cubic spline method is
applied in a mathematical model of a child’s teetthich is produced through resignation of
orthodontic wires. It is also meant to create arcléew towards the true nature of orthodontic wire
Results: Based on mathematical characteristics in the sg@imd the real data of a teeth’s model, cubic
spline shows to be very useful in reflecting thamof a curve because the dots chosen are niby tota
symmetry.Conclusion/Recommendation: Therefore, symmetrical curve can be produced éthte
shape which is basically asymmetry.
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INTRODUCTION constructed based on a coordinate system. It was
deemed appropriate to ascertain the mathematical
Dental braces (also known as orthodontic braces dtature of the relationship and devise a computsedha
simply braces) are a device used in orthodontics t@raphics system for producing templates of the arch
align teeth and their position with regard to aspats ~ wire. An orthodontic arch wire is fitted througheth
bite. They are often used to correct malocclusgrgh ~ brackets and the results are displayed using camput
as under bites, overbites, cross bite and opes,tite  graphics. The points are marked to evaluate the
crooked teeth and various other flaws of teethjamg, ~ constant relationship among teeth and orthodontic
whether cosmetic or structural. Teeth move throiingh ~ brackets to which an arch wire is adapted.
use of force. The force applied by the arch wirshas The new position of teeth after using arch wiré wi
the teeth in a particular direction and a stressésted be predicted using mathematical modeling. Since the
with less pressure within the periodontal ligament.assumption was made that all digitized points shéall
Therefore, many patients who did orthodontic treatm on the curve because they were considered to esyires
will use it for almost two years. arch form, any normal of length not equal to zemsw
Teeth will usually move about a millimeter per considered to represent error in fit of the spline.
month during orthodontic movement, but there ishhig It is anticipated that the model of teeth arch ladou
individual variability. Orthodontic mechanics caary ~ be useful in the orthodontic clinical setting asadoh in
in efficiency, which partly explains the wide range  arch wire formation. The graphics of the model e

response to orthodontic treatment. a template which incorporates essential points to
consider in arch wire formation, namely, perimeter
MATERIALSAND METHODS length, lateral widths, symmetry and appropriatehar
form for the patient.
Application of Braces via Mathematical Concepts: At the same time, bracket that has been fixed will

The teeth, brackets, bands and the arch wire, ean lexert pressure at various level depends on the gap
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between the teeth and its ideal position. Mathegahti B
model approach is also utilized to ascertain th&tpn

of wire arc. The wire arc is moulded &ghive the new

conformation which satisfy a perfect teeth modéiilev 1
at the same time maintain certain position of teb#t

are deemed normal and stable. -1.5

05 b

Application of Cubic Spline method: Orthodontic
teeth movement is influenced by the characterisifcs .
the applied force, including its magnitude and cin
and the physiological condition of the periodotisdue 3
of individual patients. However, researches catryan
teeth treatments in clinics indicated no sign offig. 1: Parabola
application of this mechanical theory. What really
happens is that dentists compare the actual teett 10
conformation and the perfect one to confer the ésac
In this study, analysis of dental arches conforamati 81
could be done through cubic spline method.
Spline is a common curve used in this field nst ju
easy to solve, but also due to its concise trial an
accessibility in forming equation. Furthermore, ist
fully able to trace the rough complex through atigmt
of straight line curve and interactive arc desiGhdpra
and Canale, 2002).
This simulation method was based on two -3 -2 -1 1
assumptions: (1) the neutral surface passed thrthegh
center of the cross section of orthodontic wireg @)  Fig. 2: Catenary
the curvature of the teeth was not exactly symmédri
both right and left teeth.
Many authors, including Mills and Hamilton
(1965), Biggerstaff (1972), Currier (1969) and Hech
(1978) have used a parabola of the foxfn=-2py to
describe the shape of dental arches. By upirg2.5,
which is the width of the teeth frame, the equaii@s 5
formed as in Fig. 1. /
Others, like Pepe (1975) have examined a catenary | 1

e +e* . ( \
as a means of describing ‘ *

(3%

(3]
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curve of the formy =

arch form as in Fig. 2 (Lyew, 1998). -4 -2 2 4
Others, including Izard (1927), Biggerstaff (1972)
and Currier (1969), have suggested the use ofsellip Fig. 3: Elips

y2

a2

2
shape of the forn)ég+ =1. Values of b and a refer to

However, several author including Pepe (1975) and
the maximum length and width of the teeth model. ByHetcher (1978) have concluded that symmetry of the
taking the value of a = 14.8225 and b = 5, the @&ne dental arches is not necessarily present in theageeor
dental conformation is obtained as in Fig. 3. (Ly&@398)  normal occlusion. Hechter found that if an asyrminet

Common similarity among these methods was theirch were made symmetric by orthodontic treatment,
mathematical symmetry present in the geometrighis, like other dental variables, tended to retiarrits
figures obtained as a representation of arch form. pretreatment status.

145



J. Math. & Stat., 8 (1): 144-149, 2012

£(x)=0.4739235°-0.78534x -
0.12525%+5.109937

£(x)=-0.13003x + 04829952 -

fix)=-2.23572x° - 1.01311x+5.317113

5.5087x2 73.073245\

£1(x)=-0.3182%7— 3.53198x
~10.0899x-4.69747

fi(x)=0.222426x3 -1 4203550~
4 24128845+ 3.261554

/ B(s) 16852925+ Hx=380010 -

S1o12 05105k | 313655432 -86.109x +
\ 3488950+ 3951953+ Lsmm
/ * f(x) =25.30333x -265.746%°

+924.069x -1061.54

* ~

L)
4 042 4 1 2 3 4

£(x)=-3.36706%3 =
57.89455:0 3850365 -
508.9355

Fig. 7: Spline cubic equation at each interval

Table 1: Data for the point of the teeth

x -37 -2 -12 -06 07 18 27 34 36 39

y 04 39 39 48 48 43 38 24 12 O

N

=3 -2 -1 1 2 3

Fig. 5: Six points plotted

Fig. 6: Points plotted based on actual teeth.

It seems reasonable as the purpose of this studgeo
an asymmetric function, the cubic spline, to ddeeri
the dental arches. The dental confirmation of aéry
old child was taken as a sample. It was then plaitea
graph paper to obtain the position of two dimension
point. Table 1 indicates the data collected frora th
sample in Fig. 4.

Spline curve will varies when different point are
taken from the same teeth data. See the points and
spline curve formed in Fig. 5.

As the spline curve varies with the position of th
points, it is essential to choose the points whielst
complement the conformation of the teeth been
analyzed. Figure 6 portrayed a spline curve whgh i
closely identical to the actual teeth conformation.

By utilizing cubic spline method, the dental
conformation can be formulated into mathematical
equation as shown in Fig. 7.

Refer to Fig. 6 (Cheney and Kincaid, 2007). Spline

method is able to portray a smooth, accurate shape
which is closely indentical to the actual teethditian.
In order to improve the teeth arrangement, the same
method can be applied to predict a better, well-
organized conformation which keeps amount of change
been made at the least.

Figure 7 Shows five fixed points with four
intervals produced.

Cubic spline method used 5 points as in Fig. 8 in
order to get a better dental conformation. Assuampti
was made that after bracket is applied, the teeth
position will change according to the bracket'spha
This shape ascertains a minimum range of change
been made Fig. 9. Polynomial s,x can be determntiyed
using cubic spline formula as follows:
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- 5 08 0 0 0 0 0 O0)f f%2) (-210/7
x bl 08 28 06 0 0 0 0 0 f¥ 12 9
3.7 0.4 0 06 38 13 0 0 0 0 fxo06) | -9
2.6 2.8 0 0 13 48 11 0 0 0| f'0.7)_|-30/11
0.6 4.8 0 0 0 11 4 09 0 0| f'@ws)| |-20/33
2.7 3.8 0 0 0 0 09 32 07 0f f(27) | -26/3
3.9 0 0 0 0 0 O0 07 18 04 {34 -24
0 0 0 0 0 0 02 1) f'3.6) 12
3 2 1 1 2 3 4
. . . f'(-2) \=( -3.2456
Fig. 8: Five points plotted f1-12)|< 48438
%(-0.6) |=| -3.2768
£%(0.7) |=| 04198
f'(1.8) |=| -0.4385
o= Dental conformation M _
/ ’ \ before reament "(2.7) |= 0.7626
=| -15.3033
=( 15.0607

Fa Y £(3.4)
Predicted conformation £7(3.6)
E 3 after treatment
!
i 2

For the 10 points there are nine unique polynomial
/ ! ! of degree three that passed through all pointsteTae
nine equations that have been developed througX) f”
and all the points given as in 1.

The summation of normal can be found by
derivative towards spline as it may represent tiel t
error for the datas. Whereas the mean of the normal
represent the mean of error for the whole poin&t th

Fig. 9: Dental conformation before treatment and
predicted conformation after treatment

e L A T MV A ) B VRV been marked (Lyew, 1998). The total and the error
60x = xi4) ] 604 = %) mean of the normal are calculated but in term bfisg
+[ FOGa) T () (X =X4) }(X. - x) 1) this, the tangent equation has to be generatectar o
X 6 induce normal equation.
J{ fix)) ()X —X‘.l)}(x—x._l) Tangent _equation can be represente_d by applying
(Xi = %) 6 the formula given below (Bradley and Smith, 1999):
with satisfies the following conditions Eq. 1 and 2 Y (%) = (x=X)f (xo) +F(x o)
f'(xg) =f"(xy) =0 Given X is the value ok on the curvature. Normal

equation can be constructed using the value ofltiee
In order to develop 1 the value for derivativé-af ~ for normal line, g and the slope for the tangent lime,

and i can be dictated by solving 2 given below by the formula given below (Bradley and Smith, 1999
(Xi = X2 F(Xi) + 20X g =X )" + (X 0 ) (X = %) m, m,=-1

_ 6 i 6 2)

- (xiﬂ—xi)[f(x“l) fool +(Xi —xi_l)f(x ) A The summation of normal will represent the total

error given by:

By using the formula, it is known that:

Error, d=/(x, = X + (¥~ Yo)’
f’(X o) = f"(x10) = 0.
Where (%,Yo), (X1,y1) are the points of intersection

Gauss-Seidel method were used in order to solvef normal line and the tangent line (Bradley andtBm
the value for f"(x), f’(x ) ... f"(Xg): 1999).
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RESULTSAND DISCUSSION

In reference to data tabulated in Table 2 andhé, t

CONCLUSION

This research highlights a few important

comparison between actual teeth and the cubicesplinconclusions. Firstly, in comparing the four diffete

conformation recorded a total range of 3.841704 wit

teeth conformation, cubic spline curve is verifiex

average range of 0.320142. Comparison with ellips@gincide with research objective as it recordedi¢iast

conformation gives a total range of 9.1700751 vaith

average of 0.7641729 while the comparison with

parabola is known to have a total range of 5.287161
with average of 0.4400968. On the other hand
comparison between actual teeth conformation an

with average of 0.82817. It is verified that cubdine
conformation recorded the least range.

range and shortest distance, as well as closehtiai
to the perfect, smooth teeth conformation.
By using cubic spline method, several neutral
oints on normal, undamaged actual teeth are ctavmbn

catenary equation produces total range of 9.9380455 position is fixed in order to form a betteraanmgement

of teeth. Thus, these points will produce zero eangen
compared with a treated teeth arrangement. As a

The range is calculated based on the distance®nsequence, total range will be very low.

between respective points on the two
conformation. For instance, in order to calculdte t

teeth

On the other hand, it is quite difficult to gezero
range for every point in comparing the paraboltpss

conformation, the latter will undergo reflection dan
translation to correspond with the catenary.
Subsequently, all normal at the 10 points from alctu
teeth data is determined. Tangent equation nedzk to
solved first in order to obtain normal. Normal is
required as it can deduce the shortest distanvechat
two points. This shortest distance is measuredrager.

Table 2: The normal equation at different points

Value % Normal equation, y

-3.7 Wi(x) = -0.33576x - 0.84219
-3.2 w(x) = -0.36501x + 0.681488
-2.6 W(x) = -0.54846x + 1.826783
-2 ya(X) = -4.55261x - 5.20523
-1.2 W(X) = -1.16424x + 2.502908
-0.6 W(x) = -0.75245x + 4.348528
0.7 y(x) = 1.893615x + 3.474466
1.8 w(x) = 1.857371x + 0.956731
2.7 ¥(X) = 2.548247x - 3.08012
3.4 Vio(X) = 0.182338x + 1.772973
3.6 wis(x) = 0.18153x + 0.538896
3.9 yi(X) = 0.307933x - 1.20237

Table 3: Error when comparing the actual teeth withic spline,
eliptic, parabolic and catenary

Cubic Spline Ellipse Parabolic Catenary
Points error error error error
-3.7 0.000000000  1.2589230 0.9811300 1.402966
-3.2 0.111988878  0.9966000 0.6632160 1.328127
-2.6 0.000000000  0.0866560 0.2754070 1.415165
-2 0.193903751  0.3105900 0.2606970 1.000000
-1.2 0.390286650  0.1295890 0.7171690
-0.6 0.000000000  1.5499840 0.1574200 0.060358
0.7 0.858290259  1.0221600 0.1000640 0.013937
1.8 2.058834593  0.6553470 0.0424940 0.154972
2.7 0.000000000  0.4681560 0.1955370 0.578253
34 0.191302981  0.4695000 0.1898740 0.469416
3.6 0.037096521  1.0905570 0.7020910 1.029815
3.9 0.000000000  1.1320130 0.9960640
Total error 3.841704000  9.1700751 5.2811617 9.98804
Average error 0.320142000 0.7641729 0.4400968 280.R0
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during the research. The main reason would be that
general equations formulated by the ancient
mathematicians only take the maximum length and
width of teeth frame into account, without considgr

the neutral points on the teeth arrangement.
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