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1. Introduction

Tooth movement during orthodontic treatment
starts as a certain level of mechanical load is exceeded.
The path of the tooth movement depends on the force —
moment ratio created by orthodontic device at the center of
resistance. In order to achieve a predictable and physio-
logically allowable orthodontic tooth movement the center
of resistance (Cges) of the tooth should be identified.

It is generally accepted that stresses induced in
the periodontal ligament (PDL) by the orthodontic force
system ‘may initiate the bone remodeling process. Stress
profiles necessary for physiological teeth movements are
determined to be about 2000-2600 Pa. Maximum stress
level and it's location should be revealed by investigating
the stress distribution in the PDL.

The aim of this study is: to identify biomechanical
characteristics of the lower canine as locations of centers
of resistance (Cpes) and rotation (Cror) and to investigate
the stress distribution in periodontal ligament of the lower
canine at forcing modes and levels able to initiate various
types of tooth movement, by performing the finite element
modeling in 3D.

2. Finite Element Model of the Tooth

The 3D model of the lower canine, the PDL, and
alveolar bone has been developed and used throughout the
research.

The geometric model of the tooth and it’s sup-
porting structures were based on the tomographic X - ray
cross - section images analysis [1]. After X - ray images
were scanned, by means of a specially written program,
data points were marked on tooth’s boundaries on the X -
rays image cross - section and connected together by using
the cubic spline interpoliation. In this way the outline of
the section of the tooth was obtained (Fig. 1). In analogous
manner other sections of the tooth were treated. Consecu-
tive curves have been joined in order to form the tooth vol-
ume geometry.

Boundaries of PDL and the alveolar bone could
be easily detected from the same X -ray tomography
cross - section images. The created 3D FE models of the
tooth, the periodontium and the alveolar bone are shown in
Fig. 2 [2,3].

The 4 node tetrahedral finite element SOLID72
with 6 nodal degrees of freedom was selected for modeling
such irregularly shaped bodies as human teeth. Finally, the
finite element model of the lower canine and it’s support-
ing structures consisted of 12000 nodes and 68G0C ele-

ments (Fig. 3).
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Fig. 1 Tomographic X - rav cross - section image of the

lower canine and tooth contour curve

Fig. 2 FE model of the tooth, periodontal ligament and al-
veolar bone

‘he lower canine

Fig. 3 FEmode!




The tooth, periodontal ligament and alveolar bone
have been assumed to be homogenous and isotropic elastic
structures (Table 1) [4].

Table 1
Material properties
Material Young’'s modulus | Poisson’s
' E, Pa ratio v
Tooth 2-10" 0.15
Periodontal ligament 1.8-10° 0.49
Alveolar bone 1410 0.15

In order to find the location of the Cres [5-9] and
to calculate stress distribution in the PDL [10-12] all de-
grees of freedom were restricted at the base of the alveolar
bone model. The mechanical load imitating the orthodontic
force was applied to the buccal surface of the model

(Fig. 4).

Fig. 4 Boundary 'cdﬁditions

The nonlinear large displacement static analysis
was done with FEM analysis system ANSYS 6.0.

3. Control of Tooth Movement

Type of tooth movement depends on the amount
and direction of forces acting in the Cre. Cass is the point
where the resistance to the body’s movement is concen-
trated. The center of resistance of a free tooth is situated at
the center of mass. In a restrained tooth the position of the
center of resistance depends upon the boundary conditions
[13]. Ches of the lower canine is located at the upper third
of the root length apical to the alveolar crest [9].

In orthodontics it is impossible to apply force di-
rectly to the root of the tooth. The orthodontic forces are
applied at the bracket on the crown of a tooth. The acting
force produces the tooth movement, the couple and the
counterbalancing moment necessary to control the position
of tooth’s position. The moment/force (M/F) ratio of the
applied force and moments determine the type of the
movement and the Cyor (Fig. 5) [6, 9).
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Fig. 5 Types of tooth movement: &
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The action of a single force with no moment =
plied produced the uncontrolled tipping with the Cor pok
tioned in the middle of the root of the tooth (M/F ratio wx:
0/1). As the M/F ratio increases (M/F ratio was 5/1), t..
position of Cyer is displaced from the Cggs and a controlle:
tooth movement is achieved. When M/F ratio becomes
equal to the distance between the Cresand force action po-
sition, the Cror approaches infinity, and the tooth uqder-
goes the pure translatior: (./F ratio was 10/1), If M/F raiio
exceeds this distance, the tooth’s root movement is 1
sented. The root movemeni: is used to describe the situatin-
in witch only the root muves, with no appreciable c
movement. Such moven:cat is named torque (M/F 1.
was 12/1).

Our study is based on the assumption that the C; -
coincides with Cgor during the uncontrolled orthodontic
tooth tipping. The tooth is loaded by two moments .
force: the first one tends to rotate the tooth around the v-
tical axis, and another tends to tip it to the lingual sic-
(Fig. 6, a). We found that the distance between Cges and
tooth root apex is 8.93 mm. The C is determined to be a:
58 % of the distance from the root apex (Fig. 6, b).
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Fig. 6 Center of resistance of the lower canine: a - scher:
of identification; b - location




Our results are close to those obtained by
C.J. Burstone [9] stating that Cggs is at 66% of the tooth
height from the apex and by R. Nanda [8] where 70% has
been mentioned.

The correctness of the determined position of the
Cres can be verified by applying the force at its position.
Under such an action, the tooth performs pure displace-
ment in the direction of the force (Fig. 7) [9].

The type of tooth movement is defined by M/F ra-
tio at the bracket. Fig. 8 illustrates the relationship of dis-
placements of the lower canine against the M/F ratio.

Fig. 7 The tooth performs pure translation,- if the line of
action of a force passes through the Crs
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Fig. 8 Relationship of movements of the lower canine
against the M/F ratio

The calculated values of M/F ratio in our study
show that the canine undergoes translation if
M/F =10.7 mm. The controlled tipping will be produced if
M/F = 7.8 mm, and tooth root will be torque, if
M/F=12.1 mm. .
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4. Investigation of Stress Distribution i PDL

The optimal orthodontic for d for creating
the movement of the tooth may be def ' by maximum
limit of stress that capillary blood vesseis in the periodon:
tal ligament are able to withstand. The optimal orthodontic
force varies with the location of axis of rotation.

The stress distribution in the PDL was invest'-
gated loading the tooth at the bracket in 4 different ways
(Table 2). In all cases the tooth ‘was loaded by the sams
force of 0.IN, and 4 different moments: O N-mn.
0.78 N-mm; 1.07 N-mm; 1.:21 N-mm correspond to each o
the 4 cases.

Table ?
Types of loads
Type of movement M/F ratio, mm
Uncontrolled tipping 0 !
Controlled tipping 7.8 [
Translation Rk !
Torque 12.1 J-

In the first case the.stress distribution in the PDL
has been investigated during uncontrolled tipping, i.e.
when the tooth is rotating about Cror located in the middle
of the root (M/F = 0 mm). Two zones of tensile and two
zones of compressive stn:ss are producea in' the PDL in
this case (Fig. 9). hyi's

The zone of tensile stress is located in the buccal
surface beyond the Cror and the compressive stress zone it
located in the lingual surface below the Cyor. The stress
produced by such loading reaches about 6000 Pa at the
crest of the alveolar bone and exceeds the physiologicaliy
admissible stress limits (2000 Pa). The same happens with
stress in the apex area (about 3000 Pa). It means that the
investigated forces acting at the buccal surface of the tooth
are too big.
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Fig. 9 Stress distribution in the PDL (uncontrolled tipping,;

During the controlled tooth movement (controlied
tipping at M/F = 7.8 mm) tensile stress is formed in the
PDL area at the buccal side and compressive stress — at (...
lingual side (Fig. 10). The admissible stress limits 0 .
tensile and compressive zones are not exceeded in this
case.
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Fig. 10 Stress distribution in the PDL (controlied tipping)
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Fig. 11 Stress distribution in the PDL (translation)
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. 12 Stress distribution in the PDL (root torque)

In the case of translation of the tooth
0.7 mm) the stress in the PDL varies between 500
' Pa (Fig. 11). Allowed stress limits are not ex-
this case, too. The tensile zone is formed on the
rface, and the compressive one on the opposite

’—'

side.

Fig. 12 illustrates the zones ‘of tension an
pression during rotation of the root. In this case the
does not exceed 2000 Pa and is within the allowable
The tensile area is formed on the loaded s_l&rface, a
compressive zone on the opposiie side.

5. Conclusions

The ability to know and to control counle -
force ratios at the brackst can be regarded as a key 1w ;
dictable and confrol~- :=sth movements. The disiribu
of stress in the periodontal ligament during tooth mo:
ment was investigated in order to find optimal magnitud
of orthodontic forces i various simulated conditions.

1. The geomziric model of the tooth and it’s s,
porting structures was based: on thé tomographic X - ra
cross - section images analysis. This means that mnde-
done in vivo. HPl

2. The location of the center of resistance in ...
lower canine has been found to be located at 58 % of +*:
root length measured from the root apex.

3. In order to produce the controlled too:
movement the M/F rati¢ values are: M/F = 10.7 ram fo
translation, M/F = 7.8 mm for tipping and M/F = 12.1
for the tooth root torque. :

4. Stress in the periodontal ligament increase un
to 6000 Pa in tooth uncontrolled tipping.
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J. Danielyté, R. Barauskas, R. Gaidys, A. Gaidyté

APATINIO ILTINIO DANTIES, VEIKIAMO
ORTODONTINIY JEGU, BIOMECHANIKOS
TYRIMAS, NAUDOJANT BAIGTINIY ELEMENTU
MODELIUS

Reziumé

Oriodontinio gydymo sékme lemia teisinga orto-
dontiniy biomechaniniy jégy sistema bei dél jos veikimo
atsiradusiy itempiy pasiskirstymas periodonte. Danties
judéjimo pobiidi lemia momento ir jégos santykis, esantis
danties pasipriedinimo centre. Todél, norint parinkti tinka-
ma ortodontiniy jégy sistema ir valdyti danties judéjima
bei nustatyti jtempius periodonte, reikia sudaryti danties ir
jo aplinkos audiniy baigtiniy elementy modelius. Siame
darbe, naudojant erdvinj baigtiniy elementy modelj, nusta-
tyta apatinio Zandikaulio iltinio danties pasiprie§inimo
centro padétis. Iitirta momento ir jégos santykio jtaka dan-
ties atliekamam judesiui. ApskaiCiuoti jtempiai danties
periodonte, esant jvairiems danties judesiams. Danties ir jo
aplinkos modeliai sudaryti ir skai¢iavimai atlikti naudojant
baigtiniy elementy analizés sistema ANSYS 6.0.
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FINITE ELEMENT INVESTIGATIONS ON ;
BIOMECHANICS OF LOWER CANINE UNDER THE
INFLUENCE OF AN.-ORTHODONTIC FORCE__

Summary

The success of the orthodontic treatment ‘mostly
depends on the correctly chosen orthodontic forces and
tensile - compressive stress distributions in the periodoni:!
ligament. The moment/force ratio at the center of
tance determines the type of tooth movement. The
element mode! of the tooth and it’s supporting s:. ...es
was created, to study types of tooth movement an. _ore-
sponding stress in periodontal ligament, under orthodaontic
force action. Location of the center of resistance of Inwer
canine was determined by using the 3D finite elemzn:
model in ANSYS finite element software. The i..-
ment/force ratio influence on types of tooth’s moveme
has been investigated. Stress distribution during differc-
modes of the tooth movement were calculated.

M. lanenure, P. Bapayckac, P. Taiinuc, A. Caiinpue

AHAJIU3 BUOMEXAHHMKY HIDKHEIO KJIBIKA 10,
BO3IEMCTBUEM OPTOJIOHTHYECKMX CHJI TIPH
T[IOMOILY MOJIEJIEY KOHEYHBIX SJIEMEHTOB

Peswome

Venex OPTONOHTHYECKOTO JIEYEHHS 3aBMCHT OT
TOro, MPaBMIbHO JIH Tofo6paHa CUCTEMa OpTONOHTHYEC-
KHX OMOMEXaHWYECKHX CHI H BO3NEHCTBHA, BHI3BAHHBIX
MMH HanpskeHuit B nepuojonTe. Ilepememenns 2y6a on-
penenseT COOTHOIIEHHE MOMEHTA H CHITbI, IEHCTBYIONIAX B
LeHTpe compoTHBneruA 3yba. Utobrr nomobpare momxo-
ASNIYIO CHCTEMY OPTONOHTHGECKMX CHI H KOHTDOMHPO-
BaTh TlepeMellerns 3y6a, a TakKe ONpefelHTh Hanpske-
HUS B TIEPHOJIOHTE, HY/KHO COCTaBMTh Mozens 3y6a. C no-
MOUIBIO CHCTEMBI KOHEYHO3/IeMeHTHOrO ananu3a ANSYS
6.0 coctaBNieHa KOHEYHOSNEMEHTHAA MOMENb HIDKHETO
KIBIKA H YCTAHOBJIEHO MECTO LeHTpa compoTusnenns. On-
pezieNneHbl nepeMenieHn 3y6a NpH pa3HbIX COOTHODICHUAX
Harpy XalolHX MOMEHTa H CHJIbl. PacunTanbl Hanmpaxenys
B mepHomOHTE 3y6a.
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