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Abstract
Background. Loading of the compromised periodontium with orthodontic forces produces different 
results than those achieved in patients with healthy periodontal support. Determining the force value at 
a  level preventing further deterioration of the patient’s periodontal status, thus delivering the most pre-
cisely individualized “dose” of loading, seems to be crucial for the successful intrusion of teeth with reduced 
periodontal support.

Objectives. The aim of the study was to determine the range of force values efficiently intruding maxil-
lary incisors without further compromising the initially-impaired periodontal status. Finite element analysis 
(FEA), allowing estimation of the stress and strain distribution, was the method of choice.

Material and methods. The CT scans of a periodontally-compromised patient were segmented using 
InVesalius software. A model – based on NURBS surfaces – was adjusted to the CT scans in order to obtain 
both smooth and natural curvatures of each model segment. All relevant tissues were modeled as separate 
volumes. The geometric model was discretized in order to create a numerical model for applying Ansys 
software (v. 15.07) and using APDL. The central incisors were loaded with external intrusive forces, ranging 
from 0.1 to 0.4 N.

Results. The simulation, performed iteratively, showed that even the lowest force value – 0.1 N – causes 
stress changes in the alveolus and on the root surfaces, with a tendency of stress increasing towards the 
bottom of the alveolus and root apex. It is also notable that during the application of forces of equal mag-
nitude, the stress/strain distribution was significantly higher around tooth 21, which displayed the highest 
range of PDL reduction. Application of the same force level created a higher stress-strain response around 
tooth 21, and the characteristics were less homogenous.

Conclusions. A force value of 0.1 N applied in vivo might produce the most effective tooth intrusion and 
bone modeling which favors bone defect regeneration.
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Introduction

It is assumed that the development of bone defects 
and attachment loss caused by periodontal disease leads, 
in 30–50% of patients, to extrusion and proclination of 
the maxillary incisors, which is also called pathologic 
tooth migration.1 Flared maxillary front teeth signifi-
cantly handicap smile aesthetics and chewing function, 
therefore they require loading with orthodontic intrusive 
forces, provided the periodontal disease is stabilized and 
controlled. In the era of intensive development of  mul-
tidisciplinary treatment approaches, the application 
of  orthodontic intrusion seems to be beneficial in such 
cases, provided that the periodontium condition is sta-
bilized. However, despite original studies and quite nu-
merous case reports present in the current literature, 
intrusion of periodontally compromised teeth remains 
a  controversial movement.2–5  The intrusive movement 
is subjected to a large risk of failure, predominantly api-
cal root resorption and reduction of the alveolar bone 
height.6,7 The  occurrence and range of these failures 
depend on many issues, but periodontal status as well 
as force magnitude and direction are the major factors. 
Loading of the compromised periodontium with orth-
odontic forces produces different results than those 
achieved in patients with healthy periodontal support. 
Determining the force value at a  level preventing fur-
ther deterioration of the patient’s periodontal status, 
thus delivering the most precisely individualized “dose” 
of  loading, seems to be crucial for the successful intru-
sion of teeth with reduced periodontal support. However, 
such a protocol demands certain measurements, impos-
sible to be taken in vivo, but requiring in vitro studies and 
laboratory or numerical techniques, not as yet discussed 
in the literature.

The aim of the study was to determine the range of force 
values efficiently intruding maxillary incisors without 
further compromising the initially-impaired periodon-
tal status. Finite element analysis (FEA) of a model with 
reduced periodontium, allowing estimation of the stress 
and strain distribution, was the method of choice.

Material and methods

The CT scans of a periodontally-compromised patient 
were segmented using InVesalius software (Fig. 1) in or-
der to create a geometric model of the maxilla. This mod-
el – based on NURBS (Non-Uniform Rational B-Spline) 
surfaces – was subsequently adjusted to the CT scans in 
order to obtain both smooth and natural curvatures of 
each model segment. All relevant tissues were modeled as 
separate volumes – cortical bone, spongeous bone, peri-
odontal ligaments (PDL), dentin, enamel and pulp (Fig. 2). 
The geometric model was discretized in order to create 
a numerical model for applying Ansys software (v. 15.07) 

and using APDL (ANSYS Parametric Design Language). 
The PDL layers of average thickness 0.1 mm were meshed 
using hexagonal finite elements, whereas the other tis-
sues like bone (spongeous bone and cortical plates) and 
teeth (enamel and dentin) were meshed using tetragonal 
finite elements. 

The literature review together with our personal ex-
perience made it possible to select the most suitable me-
chanical properties of particular tissues.8-11 The values 
displaying the mechanical properties of these tissues are 
shown in Table 1. As per PDL – considered as a structure 
displaying strongly nonlinear stress and strain distribu-
tion – a hyper-elastic Noe-Hookean material model was 
proposed. The model was calculated using non-linear 
elastic PDL properties (Fig. 3). The nominal stress level 
corresponding to the applied load was below 0.01 MPa, so 
the region on the strain-stress response of the PDL mate-
rial was nearly linear, which is shown in Fig. 4.

Fig. 1. Segmentation of CT scan

Fig. 2. Modeling of the cortical bone, spongeous bone, periodontal 
ligaments (PDL), dentin, enamel and pulp
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The central incisors were loaded with external intrusive 
forces, ranging from 0.1 to 0.4 N (with steps of 0.05 N). 

Results

The resulting data indisputably proved that a mechanical 
load, produced by an orthodontic fixed appliance, changes 
the mechanical properties of the bone tissues. The intru-
sive orthodontic force changes the stress-strain distribu-
tion (Fig. 4 and 5). The simulation, performed iteratively, 
showed that even the lowest force value, 0.1  N, causes 

Table 1. Material properties of evaluated tissues

Material Elasticity module  
[MPa]

Poisson ratio  
[-]

Enamel 85 000 0.3

Dentine 20 000 0.3

Cortical bone 20 000 0.3

Spongeous 
bone

450 0.42

Fig. 3. PDL material properties with marked region of interest with respect 
to the nominal stress level in the PDL volume

Fig. 4. Changes in the stress-strain distribution

Fig. 5. Changes in the stress-strain distribution, lateral view

Fig. 6. Changes the stress-strain distribution, lateral view

stress and strain changes in the alveolus and on the root 
surfaces, with a tendency of stress increasing towards the 
bottom of the alveolus and root apex. It is also notable that 
during the application of forces of equal magnitude, the 
stress/strain distribution was significantly higher around 
tooth 21, which displayed the highest range of PDL reduc-
tion. The periodontal ligaments supporting teeth 11 and 21 
were weakened, however the bone defect adjacent to tooth 
21 was more pronounced, hence application of the same 
force level created a higher stress-strain response around 
tooth 21, of the less homogenous characteristics (Fig. 6).

Discussion

Intrusive movement is laden with a high risk of multi-
ple failures, e.g. root resorption, alveolar bone resorption 
or pulpal necrosis.7 Many aspects may contribute to the 
occurrence of such failures – general factors, e.g. genetic 
and systematic disorders or gender, as well as local factors 
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terms of movement of periodontally-compromised teeth. 
A similar stress and strain distribution was demonstrated 
by Rudolph et al. and Vikram et al., but they demonstrat-
ed the results achieved by forces whose values were more 
than twice as high and on healthy periodontium.29,30 
During orthodontic intrusion, the stress concentration 
occurs on a  very small surface present on the alveolus 
bottom and the root apex. That is why it is so crucial to 
apply the lowest yet still effective forces. The vast major-
ity of studies which evaluate intrusion analyze relatively 
higher force values acting on healthy periodontium. 

Our study proved that there is a  relationship between 
stress and strain distribution and PDL surface. The more 
extensive the bone defect is, the smaller the PDL surface 
is loaded with the same force magnitude. This is crucial in 
periodontally-compromised patients, in which the bone 
defect ranges vary between individual teeth. During treat-
ment with fixed appliances, it is important to remember 
that the planned treatment biomechanics should be ad-
justed to the tooth with the largest bone defect; this tooth 
is the weakest link and thus the most susceptible to failure. 

Conclusions

The bone tissue reaction to load induced by fixed orth-
odontic appliances and transformed by the tooth is build-
ing new internal structures, changed in terms of both their 
density and mechanical properties. During orthodontic 
treatment, the forces acting on bone tissue result in both 
bone formation and bone resorption. As shown in our ar-
ticle, the developed procedure makes possible the adequate 
planning of orthodontic treatment to obtain bone creation 
processes significantly prevailing bone resorption, which 
is crucial in periodontally-compromised patients. Indeed 
the method is based upon numerical modeling and simu-
lation but, thanks to CT scans, the model obtained is in-
dividualized. The data obtained in such a manner allows 
the conclusion that a force value of 0.1 N applied in vivo 
might produce the most effective tooth intrusion and bone 
remodeling which favors bone defect regeneration. 
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