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Abstract.  
This finite element study emphasizes the changes occurring in the distalization of upper first molar following 

the variation of the force magnitude. The configuration of the orthodontic force used in this study is towards 

distal; application on the mesial side of upper first molar; magnitude: 1N, 3N, 5N. The results of the computer 

simulation on the stress of the assembly tooth-periodontium-alveolar bone with distalization forces by using the 

software CatiaV5R16 shows that the distalization of the upper first permanent molar will imply, regardless of 

magnitude, a coronal distal tipping, accompanied by the drifting towards mesial of the vestibular roots. As the 

magnitude of the distalization force increases, a great increase of the von Misses stress can be noticed in the 

tooth. The deformation of the periodontium is greater in the case of application of a 3N force and 5N 

respectively, as compared to 1N. As we grow up the magnitude of the distalization force, the stress increases 

both in the tooth and in the periodontium (going up to its complete deformation at a magnitude of 5N) and even 

in the alveolar bone, aspect noticed in a magnitude of 5N only.  
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INTRODUCTON 

Clinical and laboratory studies 

have demonstrated, during the time, the 

connection between orthodontic tooth 

movement and the magnitude, direction 

and duration of an applied force (Storey 

and Smith [1], Reitan, [2], Lee [3], Tanne 

and co.[4]). Still it is very difficult to 

explain distal movement of upper first 

permanent molar based only on the 

relationship between the direction of the 

applied force and the resistence centre of 

the molar, because the real mechanical 

mediator for any tooth movement is not 

the magnitude of the force but the 

magnitude of periodontal stress induced by 

the orthodontic appliance. For this reason, 

in order to evaluate the true relationship 

between distalization and orthodontic 

force it is necessary to evaluate not only 

the force system applied on the tooth, but 

also the periodontal stress induced by the 

orthodontic force.  

 

MATERIALS AND METHODS 

A tridimensional tooth - 

periodontal ligament - alveolar bone model 

was created using finite element 

programme CatiaV5R16, with the same 

geometry, dimensions and  morphology of 

upper first permanent molar. The 

construction of this model was based on 

three aspects: the geometry of tooth and 

periodontal ligament; phisical properties of 

tooth, periodontal ligament and alveolar 

bone; the orthodontic distalizing force 

caracteristics.  

In this study all the three elements 

of the model: tooth, periodontal ligament 

and alveolar bone, have liniar elasticity 

and isotropic properties of the same 

quality. The phisical properties of tooth, 

periodontal ligament and alveolar bone 

have been the same of Tanne and co. [4] 

(table 1). The tridimensional finite element 

model of periodontal ligament have been 

realized using CatiaV5R16 programme, 

using a periodontal thickness of 0,3 mm. 

Literature data shows that the thickness of 

periodontal ligament vary from 0,1 – 0,2 

mm (Kinzinger [5]) to 0,25 mm (Coolidge 

[6], Kronfeld [7]); it is important to 

emphasize that the thickness of periodontal 

ligament can vary with age, the position of 

the tooth and individual aspects [8], witch 
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implies some limits of mathematical 

analyse. 

The main work steps using 

CatiaV5R16 programme where: Analysis 

model; Preprocessing; Analysis and 

Resolving of finite element model; 

Postprocessing. 

 

Table 1 Elastic characteristics  

Material E ( Young Modulus) 

     N/mm²(Mpa) 

Coef. Poisson (ּט) 

Tooth 1,96 x 10000 0,30 

Periodontal Ligament  6,66 x 10‾¹ 0,49 

Alveolar Bone 1,37 x 10000 0,30 

 

RESULTS 

The configuration of orthodontic 

force used in this study was: direction – to 

distal; point of application – on the mesial 

side of upper first molar;  magnitude - 1N, 

3N, 5N. This simulation allows the 

evaluation of effects during upper first 

molar distalization excluding transversal 

molar rotation (buccaly-oral), because of 

the point of force application directly on 

the mesial side of the molar.  

          For the first loading of the 

ensemble it was applied a distalizing force 

of 1N magnitude. This results in molar 

crown distal tipping (the mesio-buccal and 

disto-buccal roots are displaced to mesial 

and the crown to distal, instead the palatal 

root is not displaced at all); also we 

observed the compression of periodontal 

ligament on the distal side of the tooth and 

the enlargement of this on the mesial side.  

 

 

Fig. 1 The network and von Misses stress under a distalizing force  with 1N magnitude  

 Von Misses stress in the tooth 

have maximum values (0,147 MPa) on the 

distal side of palatal root, and also at the 

furcation (fig. 1), and the stress principal 

tensor in the force direction is 0,142 MPa 

located at the furcation on the distal side of 

palatal root (fig. 2). Animation shows the 

mesial displacement of mesio-buccal root, 

and also the displacement of the 

periodontium with 0,3 mm on the mesial 

side of the tooth and 0,24 mm on the distal 

side of the tooth. 
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Fig. 2 The stress principal tensor at the furcation on the molar distal side, under a distalizing 

force  with 1N magnitude  

  

For the second loading of the 

ensemble it was applied a distalizing force 

of 3N magnitude. In this context we 

observed the same molar crown distal 

tipping, with mesial displacement of the 

mesio-buccal and disto- buccal roots, but it 

is an evident  increase of von Misses stress 

in the tooth: 0,441 MPa at the furcation, 

0,402 MPa on the mesial side of disto-

buccal root and 0,36 MPa on the mesial 

side of palatal root (fig. 3).  

 

Fig. 3 Von Misses stress under a distalizing force  with magnitude of 3N  - longitudinal section of 

upper first molar in order to observe the furcation and the disto-buccal root  

At the crown level the load is smaller compared with the roots level and are the most 

important at the mesial side to the 

cervical region (0,18MPa). The 

periodontal deformation is bigger then in 

the case of 1N force application, and the 

stress values are 0,15 MPa on the mesial 

side of palatal root, at the cervical region 

and 0,25 MPa to the buccal side (fig. 4). 

The lowest displacement is supported by 
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the palatal root (0,007 mm) and the biggest 

displacement is supported by the disto-

buccal root (apex to mesial with 0,2 mm). 

The periodontal ligament is also displaced 

with 0,8 mm on the mesial side of the 

tooth. 

 

Fig. 4 Von Misses stress at the mesial side of  molar under a distalizing force  with magnitude of 3N; 

the periodontal deformation on the mesial side of the tooth  

  For the third loading of the 

ensemble it was applied a distalizing force 

of 5N magnitude. The results indicated a 

bigger periodontal deformation (with an 

important enlargement of periodontal 

space on the mesial side of the tooth and 

compression on the distal side). At the 

crown level the loading have maximum 

values on the mesial side to the cervical 

region (0,5 MPa). The periodontal 

deformation is bigger then in the case of 

3N force application, and the stress values 

are 0,3 – 0,4 MPa on the mesial side of 

palatal root, at the cervical region and to 

the buccal side (fig. 5). Only for this value 

of the load (5 N) it was observed the 

presence of the alveolar bone stress, 

maximum values being 0,2 MPa.  

 

Fig. 5 The network and von Misses stress (tooth and periodontium) under a distalizing force with 

magnitude of 5N   

In this context it was also observed 

the same molar crown distal tipping, with 

mesial displacement of the buccal roots, 

but it is an evident increase of von Misses 

stress in the tooth: the stress principal 

tensor is bigger then 1 MPa and is located 

at the apex of disto - buccal root, in the 

mean time values between 0,35 – 0,45 

MPa are identified along the three roots on 

their mesial and distal side: 0,9 – 1 MPa at 
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the furcation, 0,5 – 0,6 MPa on the distal 

side of mesio-buccal and disto-buccal 

roots (fig. 5, 6). In the alveolar bone von 

Misses stress are almost 0,18 MPa at the 

apex of the palatal root and on the mesial 

side of the crown (fig. 6).  Animation for 

the ensemble tooth – periodontium – alveolar 

bone under a distalizing force  with magnitude 

of 5N  shows the displacement of the crown to 

the distal and the displacement of the roots 

in oposite sense (tipping); the buccal roots 

are curving to mesial and, at this level of 

force, we observed the displacement of the 

apical region of the palatal root with 0,6 

mm. The biggest displacement is supportet 

by the periodontal ligament, almost 

completely deformed at the cervical region 

on the mesial and distal side. 

 

Fig. 6 Von Misses stress under a distalizing force with magnitude of 5N - longitudinal section in order 

to observe the disto-buccal root  

DISCUSSION 

This study indicates that upper first 

molar distalization is always a complex 

movement implicating, no matter the force 

magnitude, the crown distal tipping, with 

mesial displacement of the mesio-buccal 

and disto - buccal roots, due to the point of 

the force application at some distance to 

the resistence centre of the tooth. 

Increasing the distalizing force magnitude 

it was observed an increase of von Misses 

stress in the tooth: from  0,147 MPa at the 

furcation for F = 1N to 0,441 MPa at the 

furcation, 0,402 MPa on the mesial side of 

disto-buccal root and 0,36 MPa on the 

mesial side of palatal root for F = 3N; also 

for an increased load F = 5N the values are 

bigger: 1 MPa on the apex of disto-buccal 

root  and 0,5 – 0,6 MPa on the distal sides 

of mesio-buccal and disto-buccal roots.  At 

the crown level the stress values are lesser 

compared with the roots and have 

maximum values at the mesial side to the 

cervical region (0,18 MPa for F = 3N and 

0,5 MPa for F = 5N).  

The periodontal deformation when 

the load is 3N or 5N is bigger then in the 

case of 1N force application, and the stress 

values are 0,15 MPa on the mesial side of 

palatal root at the cervical region and 0,25 

MPa to the buccal side (for F = 3N) and 

0,3 – 0,4 MPa on the mesial side of palatal 

root at the cervical region and buccaly (for 

F = 5N) .  

For 1N magnitude of the distalizing 

force, the palatal root is not moving at all, 

but the periodontal displacement is 0,3 mm 

on the mesial side of the tooth and 0,24 

mm on the distal side of the tooth. For 3N 

magnitude of the distalizing force, the 

lowest displacement is supported by the 

palatal root of upper first molar 

(0,007mm), and the biggest by the disto-

buccal root (0,2 mm). The periodontal 

ligamment are displaced with 0,8 mm on 

the mesial side of the tooth. For 5N 

magnitude of the distalizing force the apex 

of palatal root are displaced with 0,6 mm. 

The most important displacement is for the 

periodontal ligament, deformed almost 
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completely at the cervical region, on the 

mesial and distal side. We observed also, 

at this level of load (5N), the presence of 

the stress in the alveolar bone with 

maximum values of 0,2 MPa. 

The relationship between force 

magnitude and orthodontic tooth 

movement have been a subject of large 

interest in the last years in orthodontic 

literature. As Burstone says [9], the choise 

of an adequate force system from an 

clinical poit of view and of an optimum 

force magnitude are decisive factors for a 

desired tooth movement. Concerning the 

force magnitude, continuous forces of 0,2 

– 0,3 N/cm² root surface are considered 

optimal, because this pression does not 

exceed the intracapillary blood pression 

and in this manner it is mantained the 

periodontal flow (Kinzinger) [10]. 

Excessive forces are causing root 

resorbtion, tissue damage and pain.  

 Ricketts shows that an upper 

molar has an average root surface of 1,2 

cm²[11] and if a force of 1,5 – 2 N/cm²  is 

applied, then a magnitude of 1,8 – 2,4 N 

represents an ideal value for bodily sagital 

molar movement. The root surface of 

anchorage region must be individualy 

determined, but always has to be 3 or 4 

times bigger then the root surface of the 

distalizing tooth. Kinzinger [10] stated that 

a force with 2 N magnitude is ideal for 

upper first molar distalization, instead 

Peter D. Jeon and co. applied a 3N 

distalizing force on the palatal side of the 

molar [12]. 

 

CONCLUSIONS:  

1. Any distalizing force applied on 

the crown will determine molar 

distalization with uncontroled 

tipping, implicating periodontal 

nonhomogenuous loading. 

2. Increasing the distalizing force 

magnitude, the stress will increase 

in the tooth but also in the 

periodontal ligament (generating a 

complete deformation of the 

periodontium at 5N force 

magnitude) and also in the alveolar 

bone, but only at 5N force 

magnitude. 

3. It seems that a magnitude of 3N 

could be the most efficient and 

biological form for distalizing the 

upper first molar. 
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