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ABSTRACT  

 

Introduction. Orthodontic treatment on patients with periodontal disease is a contemporary 

research topic because we have to focus not only on the perfect alignment of the teeth but 

also on preserving and even improving the periodontal condition. Material and methods 

.Using the FEM Catia V5R16 software we created a valid model of a mandible arch and of a 

lower central incisor. The lower central incisor was created on the computer taking into 

account certain specific dimensions and using a didactic real size Nissin model. Two 

additional models were created with a horizontal bone loss (HBL) of 33% and 66% around 

the tooth. A moderate intrusive force with the intensity of 1N was applied on the lower 

central incisor models. Results and discussions. We can notice that the equivalent tensions (σ 

eqv) at the level of the entire complex tooth-periodontal ligament-alveolar bone stay constant 

regardless the periodontal status. In a 66% HBL case we found out that σ c records 1,776 higher 

values than in no HBL case and 1,604 higher values than in 33% HBL. In a 66% horizontal 

bone loss we can state that f value is 1,948 times higher than in the 33% horizontal bone loss 

and 2,026 times higher than in no HBL case. Conclusions. Intrusion of the lower central 

incisor consecutive to periodontal disease is a realistic and viable solution for improving the 

implantation and gaining attachment. 

Key words: Orthodontic treatment, periodontal tissues, Finite elements method, intrusive 

force 

.

INTRODUCTION 

Orthodontic treatment on patients with 

periodontal disease is a contemporary 

research topic because we have to focus 

not only on the perfect alignment of the 

teeth but also on preserving and even 

improving the periodontal condition. 

According to Chaushu and Stabholz  

the the two main predisposing factors of 

periodontal problems in lower incisors of 

orthodontic patients are thin gingival 

biotype and bone dehiscence caused by 
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labially displaced roots. [1] 

In the past decade alone it was noticed 

an increased number of adult patients that 

are searching for orthodontic treatment. 

According to Melsen et al. the periodontal 

status is essential when we take into 

consideration an orthodontic treatment in 

older adults compared to adolescents and 

young adults where the correlation 

between periodontal disease and 

orthodontic treatment is weak.[2-3] 

In certain cases orthodontic treatment 

can improve the periodontal status. This is 

the case of intrusion of the anterior teeth 

that present horizontal bone loss.  A well 

conducted treatment which includes 

intrusion can represent a reliable solution 

for improving the implantation and gaining 

attachment.[3,6]  

Finite elements method is a computer 

assisted numeric technique of high 

precision that is used to investigate and 

identify the structural stress based on the 

physical properties of the structures that 

are analyzed under the influence of 

different external factors. [4-5] 

 

MATERIAL AND  METHODS 

  
Using the FEM Catia V5R16 software 

we created a valid model of a mandible 

arch and of a lower central incisor. (Fig. 

1A-B) 

 
Figure 1A – Mandibular model 

 

 
Figure 1B- Lower central incisor 

 

The lower central incisor was created 

on the computer taking into account 

certain specific dimensions and using a 

didactic real size Nissin model. (Table 1) 

Lower Central Incisor (LCI) 

Crown length 9 mm 

 

Root length 12,5 mm 

Total length 21,5 mm 

M-D diameter of the 

crown 

5 mm 

M-D diameter of the 

crown at the cervical 

level 

3,5 mm 

F-O diameter of the 

crown 

6 mm 

F-O diameter of the 

crown at the cervical 

level 

5,3 mm 

Table 1 – Dimension of Lower Central 

Incisor after Sheid and Weiss 

The complex tooth-bone-periodontal 

ligament respected the mechanical 

characteristics (Young’s Modulus and 

Poisson’s Ratio) widely accepted in 

previous studies. (Table 2) 

Material Young’s 

Modulus 

Poisson’s 

Ratio 

 

Tooth 20000 0,30 

Alveolar 13800 0,30 
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bone 

Periodontal 

ligament 

0,68 0,49 

Table 2 - Mechanic characteristics after 

Hohmann et al., Caballero et al and Chen 

et al. 

 

Two additional models were created 

where we have a horizontal bone loss of 

33% and 66% around the tooth. (Fig. 2A-

B) 

 
Figure 2 A- Mandibular with 33%  HBL   

   

 
Figure 2B- Mandibular model with 66% 

HBL 

The models were created respecting the 

real dimensions of the lower central 

incisor and of the arch. The periodontal 

ligament was created respecting the shape 

of the root and having a thickness of 0,5 

mm.  

A moderate intrusive force with the 

intensity of 1N was applied on the lower 

central incisor with no horizontal bone 

loss, with a 33% horizontal bone loss and 

with 66% horizontal bone loss. 

The analysis was performed using the 

Abaqus software as an attached program to 

CATIA V5R16. 

 

RESULTS AND DISCUSSIONS 

After applying a moderate intrusive 

force of 1 N at the level of the complex 

tooth-periodontal ligament-alveolar bone 

we analyzed the results taking into 

consideration three aspects: the equivalent 

tension inside the complex (σ eqv), the 

tension that was registered on the direction 

of the force (σ c) and the movement that 

was achieved (f). (Table 3)  

F No HBL 33% HBL 66% HBL 

1 N σeqv=0,51 

MPa 

σeqv=0,51  

MPa 

σeqv=0,51 

MPa 

1N σc=0,121 

MPa 

σc=0,134 

Mpa 

σc=0,215 

Mpa 

1N f=0,299 

mm 

f=0,311 

mm 

f=0,606 

mm 

Table 3- The comparative results after 

applying an intrusion force of 1N 

 

We can notice that the equivalent 

tensions (σ eqv) at the level of the entire 

complex tooth-periodontal ligament-alveolar 

bone stayed constant regardless the 

periodontal status. So the horizontal bone 

loss doesn’t influence in any way the 

equivalent tensions (σ eqv) when an 

intrusive force of 1 N is applied. (Fig 4 A-C) 
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Fig 4A - σ eqv no HBL 

 

 
Fig 4B - σ eqv 33% HBL 

 

 
Fig 4C - σ eqv 33% HBL 

 

On the other hand the tension on the 

direction of the force (σ c) increases in the 

same time with the degree of horizontal 

bone loss. In a 33% horizontal bone loss 

case we found out that σ c records 1,1 times 

higher values than in healthy periodontium 

case. In a 66% horizontal bone loss case we 

found out that σ c records 1,776 higher 

values than in no horizontal bone loss case 

and 1,604 higher values than in 33% 

horizontal bone loss. (Fig. 5 A-C) 

 

 
               Fig 5A - σ c no HBL 

 

   
          Fig 5B - σ c 33% HBL 

 

 
            Fig 5C - σ c 66% HBL 

 

Our findings show clearly that the tooth 

movement (f) increases significantly with 

the horizontal bone loss. In a 66% 

horizontal bone loss we can state that f 

value is 1,948 times higher than in the 

33% horizontal bone loss and 2,026 times 

higher than in no horizontal bone loss 

case. (Fig. 6 A-C) 
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Figure 6A – f no HBL   

 

 

 
Figure 6B - f 33% HBL 

 

 
Figure 6C - σ eqv 66% HBL 

 

 

 

 

 

 

 

CONCLUSIONS 

Intrusion of the lower central incisor 

consecutive to periodontal disease is a 

realistic and viable solution for improving 

the implantation and gaining attachment. 

Our study emphasized that the stress at 

the level of the periodontal tissues, when a 

moderate intrusion force is applied stays, 

independent of the degree of bone loss. 

Tooth movement was proven to be 

more significant in the case of higher bone 

loss which is an argument in favour of this 

therapeutic solution in periodontal 

patients.  
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