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ABSTRACT 
Orthodontic literature indicates that upper molar distalisation is a tipping and extrusion movement, combined 
with mesio-buccal rotation and buccaly-crown torque, depending on the distalisers used. FEM (finite element 
method) allow a simulation of force systems which can determine bodily distal molar movement. Using FEM 
we can also determine the role of second and third molar during upper first molar distalisation movement. This 
study presents a model of upper first molar, periodontal ligment and alveolar bone using the analysis and design 
programmes Solidworks2007 and CATIA P3V5R16. Our results using FEM shows that the rotational axis of 
first molar is displaced when applying a palatal force for distalisation from buccaly  apex to palatal - crown and 
compressive stress is located on cervical region of distobuccal root. For bodily movement, the moment/force 
ratio at the molar centre of resistance must be zero, so it is necessary to reduce the moment on the molar band 
using a counterbalancing couple (CBC) with effects in vertical plane. The displacement of upper molar 
rotational axis during distalisation is proved by molar rotation and explains the second molar role as a fulcrum, 
when is not erupted. In conclusion, bodily distal upper molar movement could be obtained only when rotational 
axis is at infinite and the compressive stress is homogeneously distributed in the periodontal ligament. 
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INTRODUCTION 

The study of orthodontic biomechanics 
requires the understanding of the nature of 
stress and strain in the periodontium induced 
by orthodontic forces. The PDL (periodontal 
ligament), tooth, and alveolar bone are all 
deformable entities under loads. Stress in the 
PDL is believed to be the initiating factor in 
tooth movement, and a range of stresses are 
transmitted to alveolar bone through the PDL.  

The biological reaction of PDL is 
generated by the stress-strain level induced by 
the biomechanical forces on the tooth. 

(Tanne, 1991; Burstone, 2000). These 
characteristics of the periodontium make the 
finite element method the most suitable 
means of analysis because of its ability to 
handle various shapes and material 
inhomogeneity. The Finite Element Method 
(FEM) is a powerful computer-simulation 
tool in solving stress-strain problems in the 
mechanics of solids and structures in 
engineering. FEM is an approximation 
method that divides the entire region of the 
structure into a set of elements (two-
dimensional or three-dimensional) and each 
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element is assigned material properties 
 modulus). The forces and boundary 

conditions are defined to simulate applied 
loads and constraint of the structure. Upper 
first molar (M1) distalisation depends on the 
stage of development of second and third 
molar (Kinzinger, 2004). Orthodontic 
literature describe upper molar distalisation as 
a tipping and extrusion movement (Kinzinger, 
2004; Melsen B., 2003), combined with 
mesio-buccal rotation and buccal - crown 
torque, depending on the distalisers used. 

 
MATERIAL AND METHOD  

The three-dimensional finite element 
model comprising a maxillary first molar, 
PDL, and alveolar bone, was created using 
Solidworks2007 and CATIA P3V5R16 
programms (Fig. 1). 

The morphological features are described 
by Bratu (1997) and the mechanical 
properties are those described by Tanne 
(1987) (table I). The simulations made were 
for tipping and bodily distal movement. Force 
direction was simulated using FEM in three 

axes: X (mesio-distal); Y (buccal-lingual); Z 
(vertical). Stresses (kg/mm2) were calculated 
and presented in colourful contour bands, 
where different colours represent different 
stress levels in the deformed state. Positive or 
negative values in the column of stress 
spectrum indicate tension or compression, 
respectively. In this study, the minimum 
principal stress, which is the minimum 
normal stress without a shear-stress 
component, was used to describe the pattern 
because it is best to represent the compressive 
state of stress. Achieving an even 
compression on the distal side of the PDL 
with the proper combination of M/F ratios 
was one of the objectives, and the minimum 
principal stress was the most suitable quantity 
to analyse.  

 

Material  modulus 
(kg/mm2) 

 
ratio 

Tooth 1,96 x 10000 0,30 

PDL 6,66 x  0,49 

Alveolar bone 1,37 x 10000 0,30 

Table I. Mechanical properties 

 

  

Fig. 1. The model of tooth, PDL and alveolar bone and the simulation of a distal tipping 
movement of M1 

RESULTS 
In order to obtain a linear molar 

distalization it is necessary a distalizing force 
to be applied through the centre of resistance 
(CR) of M1 or a CBC (counterbalancing 
couple) to negate the moment caused by a 
force acting at a distance from the CR of the 

tooth. In theory, translation has no rotational 
component and is obtained when Crot (centre 
of rotation) is located at infinite and the 
compressive stress is uniformly distributed on 
the distal side of PDL and disto-buccal root. 
In general clinical practice, no more than 2N 
magnitude of force can be used to displace a 
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tooth without pain or undesired mobility, so 
this was our option for simulation. Our study 
shows that minimum principal stress in PDL 
is obtained under distalizing force of 2N with 
counter tipping and counter rotation 
moments, thus even stress distribution on the 
distal side is achieved by the proper 
combination of M/F ratios (Fig. 2). Otherwise 
the movement will be an uncontrolled distal 
tipping (Fig. 3). 

 

 
Fig. 2. Simulation of a CBC with intrusive 

effects (tip-forward) 

FEM is showing that especially significant 
in molar distalization are the anatomic data of 
the root geometries of a molar. When 
calculating the rotation axis under a 
distalizing force of 2 N, it becomes apparent 
that the axis of rotation runs apical-buccal to 

coronal-palatal. This explains a mesio-buccal 
rotation of the maxillary molars, so frequently 
observed in clinical practice and also 
demonstrates the problem when an obstacle 
occurs in the shape of a second molar of 
different height. A second molar that has 
already erupted does not impact the axis of 
rotation to any great degree, whereas a bud 
causes pronounced distal tipping of the first 
molar, the more so if the bud has not yet 
erupted beyond the vertical level of the axis 
of rotation. 

 
DISCUSSIONS 

In this study, the finite element method 
provided a mathematical model that allows 
quantification of the stress and strain in the 
periodontium of the maxillary first molar by 
incorporating the PDL, bone, and tooth in the 
computation. The stress patterns in the PDL, 
root, and bone were displayed in separate 
illustrations, so that the complex responses of 
these tissues to different types of loading 
were readily compared. The stress 
distribution on the root appeared to be 
affected by the bending and high stiffness of 
the root and it is highly sensitive to change in 
M/F ratio. Furthermore, observed changes in 
the stress pattern indicate the sensitivity of 
the periodontium to different types of force 
and moments.  

 

  
Fig. 3. High concentration of compressive stress is observed around the cervical region of PDL 

from tipping and rotation of the tooth 
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Fig. 4. High stress concentration in the 

cervical region of the disto-buccal root when a 
distalizing force is applied 

Fig. 5. Simulation of translation using a 
vertical force added to initialy distalizing one 
and lower cervical stress values in the right 

column  

On the other hand, the pattern in the PDL 
corresponded with the load type. The PDL 
was initially loaded with a distalizing force 
that caused high stress concentration in the 
cervical region of the disto-buccal root  red 
colour of the spectrum (Fig. 3, 4). With the 
proper M/F ratio, clinically obtained using a 
CBC couple, even distribution of much lower 
stress was observed on the compression and 
tension side of the PDL (Fig. 5). This lower 
and uniform stress in the PDL implies that a 
translational tooth movement may be 
achieved. 
 

CONCLUSIONS 
Translational movement of upper first 

molar during distalization is obtained when 
Crot is located at infinite and the compressive 
stress is uniformly distributed on the distal 
side of PDL and disto-buccal root, and this 
always implies a counter tipping and counter 
rotation moments in order to negates the 
moment caused by a force acting at a distance 
from the centre of resistance. 

The displacement of upper molar 
rotational axis during distalisation is proved 
by molar rotation and explains the second 
molar role as a fulcrum, when is not erupted.
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