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Abstract 

Introduction: The failed eruption of tooth to its normal occlusion is termed as impacted. After third molar permanent maxillary canines are most commonly 
impacted. Maxillary canine plays an important role in creating good facial and smile esthetics. Finite element analysis is used as a solution for understanding 

biomechanical response  

Aims and Objectives: To evaluate the stress magnitude and displacement of maxillary impacted canines placed at different heights and inclinations using 
FEM.  

Materials and Methods:  FEM models comprising of palatally impacted canine housed in alveolar bone at different heights and inclinations were constructed 

using ANSYS software. Displacement of impacted canine, lateral incisor and first premolar was measured and stress distribution of impacted canine, Lateral 
incisor and first premolar at different height and inclinations with force of varying magnitude measured. 

Results:  The stress distribution in the PDL was found to be highest in first premolar, lateral incisor followed by least in the palatally impacted maxillary 

canine and the rate of displacement was highest in first premolar followed by impacted canine and least in the lateral incisor.  
Conclusion: The stress generated in the PDL increases as the inclination of the impacted canine to the midline increases and the rate of tooth displacement 

decreases with the increase in inclination of palatally impacted canine. 
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1. Introduction 

Interruption in the eruption of teeth due to malposition or lack 

of space is called impaction. Among the impacted teeth, 

maxillary canines are second most frequently impacted 

following the third molar. Approximately two-third of 

reported impacted teeth were in palatal region while one- 

third in labial region.1 

A wide variety of conditions can give rise to impaction 

of maxillary canines. Due to its tortuous course and because 

of its late eruption in the oral cavity it gets frequently 

impacted. Local hard tissue obstruction, local pathology, 

disturbances in the eruption of incisors and heredity are some 

of other predisposing factors which can give rise to 

impactions.2 

Maxillary canine plays an important role in creating 

good facial and smile esthetics since they are positioned at 

the corner of dental arch and hence disturbance in the 

eruption of permanent maxillary canines can cause problems 

in the dental arch.3 Diagnosis and localization of impacted 

canines can be done during a routine clinical and radiographic 

examinations which provides accurate location of impacted 

canines and their relationship to adjacent anatomical 

structures. Position and angulation of the impacted canines 

affect treatment modality and prolongs orthodontic treatment 

and this complexity also effects the response of surrounding 

supporting structures during orthodontic treatment.4  

Clinically, it is not possible to study the relationship 

between the stress generated by the orthodontic forces with 
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the severity of impaction, so finite element method provides 

the necessary information about the stress generated by the 

traction of impacted canine under various mechanical setups. 

Finite element method (FEM) is a computer simulation 

technique which uses the mathematical matrix analysis of 

structures to predict the biomechanical performance of 

biological tissues, can quantify stresses and displacement in 

a three dimensional configuration.5 Hence the aims and 

objectives of the present study were to evaluate the 

displacement and stress pattern of maxillary impacted canine 

placed at different heights and inclinations using FEM. 

2. Materials and Methods 

The designing of 72 FEM models were done in SolidWorks 

software and simulation in Ansys Software version 14 to 

evaluate the  stress distribution in maxillary impacted canine 

placed at different heights and inclinations. Finite element 

model of all maxillary teeth including the palatally impacted 

canine, periodontal ligament, alveolar bone, buccal tubes, 

brackets, and arch wires were constructed using mechanical 

elastic properties of the materials such as Young’s Modulus 

of elasticity and Poisson’s ratio as shown Table I. All the 

materials were homogenous, isotropic, and linearly elastic.  

To determine the stress magnitude, a 3-dimensional 

model of maxillary palatally impacted canine was 

constructed along with periodontal ligament and alveolar 

bone and the interface between the alveolar bone socket and 

root surface was 0.2 mm as the width of periodontal ligament 

(PDL) is 0.25 to 0.35 mm. The final meshwork consisted of 

165378 nodes and 1045917 tetrahedral elements. Standard 

edgewise prescriptions with no torque and no angulation 

brackets were used for all models based on computer-aided 

design with slot dimension of 0.022×0.028inch slot and a 

rectangular cross section wire of (0.019 x 0.025 inch) which 

was passively inserted and ligated with ligature wire. The 

brackets were placed at the centre of the labial surface of 

maxillary teeth crown with composite resin adhesive layer 

which had mean thickness of 0.2mm. 

FEM model were constructed with the long axis of 

palatally impacted canine was inclined at 10◦,20◦,30◦ to the 

midsagittal plane which is perpendicular to the occlusal plane 

as shown in Color Plate Ia, Ib, Ic, IIa IIb, and IIc. 

Thenthebone covering the palatal surface of impacted canine 

was removed in the finite element model, exposing it to the 

palatal vault such that the virtual attachment was placed for 

the application of traction force of 50 gms and 100 gms 

magnitude in the buccal direction. The force was directed 

from the main archwire at a point from the centre of the wire 

between mesial surface of first premolar bracket to the distal 

surface of lateral incisor bracket to the eyelet attachment on 

the palatal surface of the impacted canine crown, simulating 

the clinical situation. 

Based on height and inclination and force of magnitude 50 

gms and 100 gms FEM models were divided into two groups: 

1. Group I: The FEM models of maxillary dental arch   

in which the vertical position of the cusp tip of 

impacted canine was at the coronal half of the lateral 

incisor root depicted as ‘A’  

2. Group II: FEM models of maxillary dental arch, in 

which the vertical position of the cusp tip of impacted 

canine was at the middle half of the lateral incisor root 

depicted as ‘B’  

After simulation of all the FEM models, Von Mises Stresses 

was recorded at apical, middle and cervical thirds of impacted 

canine. Displacement of impacted canine, lateral incisor and 

first premolar was measured and stress distribution of 

impacted canine, Lateral incisor and first premolar at 

different height and inclinations with force of varying 

magnitude were measured and tabulated using ANSYS 

software version 19.2. 

 
Figure 1: Color plate I: Three-dimensional finite element 

model of palatally impacted canine, placed at the coronal 

half of lateral incisor root depicted as ‘a’ at inclination of 

10,20,30 degrees 

 
Figure 2: Colour Plate II: Three-dimensional finite element 

model of palatally impacted canine, placed at the middle 

half of lateral incisor root depicted as ‘b’ at inclination of 

10, 20, 30 degrees 
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Figure 3: Color Plate: - Stress distribution of various fem models of first premolar, lateral incisor & canine during traction of 

impacted canine with a force of 50 and 100 gms placed  
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Figure 4: Color plate IV:- Displacement of various fem models of first premolar, lateral incisor & canine during traction of 

impacted canine with a force of 50 gms and 100 gms placed. 

Table 1: Mechanical properties of the material used in the study 

Materials Young’s modulus (mpa) Poisson’s ratio 

Teeth 18,600 0.30 

PDL 0.69 0.45 

Bone 13,700 0.26 

Cortical/ hard bone 13,700 0.30 

Trabecular/soft bone 1370 0.30 

Stainless steel wire 2,00,000 0.30 

Bracket- stainless steel 2,00,000 0.30 

Adhesive-composite 16,600 0.24 

Ligature-stainless steel 2,00,000 0.30 

Eyelet attachment 2,00,000 0.30 

 

Table 2: Numerical values of stress distribution in various fem models used in the study as derived from finite element 

software 

Stress Distribution At ‘A’ Coronal Half Of Root Of Lateral Incisor (Mpa) 
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  Force 

Models Inclination Of 

Canine 

50gms 100gms 

Tooth Von Mises    

Stress 

Models Von Mises 

Stress 

FEM 1 A 

10◦ 

First Premolar 0.419 FEM 10 A 0.838 

FEM 2 A Lateral Incisor 0.234 FEM 11 A 0.468 

FEM 3 A  Palatally Impacted Canine 0.140 FEM 12 A 0.280 

FEM 4 A 

20◦ 

First Premolar 0.710 FEM 13 A 1.420 

FEM 5 A Lateral Incisor 0.390 FEM 14 A 0.780 

FEM 6 A Palatally Impacted Canine 0.240 FEM 15 A 0.480 

FEM 7 A 

30◦ 

First Premolar 1.101 FEM 16 A 2.202 

FEM 8 A Lateral Incisor 0.599 FEM 17 A 1.198 

FEM 9 A Palatally Impacted Canine 0.370 FEM 18 A 0.740 

Stress Distribution At ‘B’ Middle Half of Root of Lateral Incisor (Mpa) 

 

Models 

  

Inclination Of 

Canine 

Force 

50 gms 100 gms 

  

10◦ 

Tooth Von Mises    

Stress 

Models Von Mises    

Stress 

FEM 19 B First Premolar 0.520 FEM 28 B 1.040 

FEM 20 B Lateral Incisor 0.290 FEM 29B 0.580 

FEM 21 B 
 

20◦ 

Palatally Impacted Canine 0.175 FEM 30 B 0.350 

FEM 22 B First Premolar 0.879 FEM 31 B 1.758 

FEM 23 B Lateral Incisor 0.485 FEM 32 B 0.970 

FEM 24 B 

 

30◦ 

Palatally Impacted Canine 0.299 FEM 33 B 0.598 

FEM 25 B First Premolar 1.270 FEM 34 B 2.540 

FEM 26 B Lateral Incisor 0.701 FEM 35 B 1.402 

FEM 27 B Palatally Impacted Canine 0.428 FEM 36 B 0.856 

 

 

Table 3: Numerical values of the displacement at ‘a’ of various fem models used in the study as derived from finite element 

software 

 

Displacement  At Coronal Half of Lateral Incisor Root (A) (mm) 

Models Inclination of 

Canine 

Force = 50 gms Force =100gms 

Tooth Displacement 

(mm) 

Models Displacement 

(mm) 

FEM 37 A 

10◦ 

First Premolar 0.552 FEM 46 A 1.104 

FEM 38 A Lateral Incisor 0.301 FEM 47 A 0.602 

FEM 39 A Palatally Impacted Canine 0.398 FEM 48 A 0.796 

FEM 40 A 

20◦ 

First Premolar 0.283 FEM 49 A 0.566 

FEM 41 A Lateral Incisor 0.162 FEM 50 A 0.324 

FEM 42 A Palatally Impacted Canine 0.208 FEM 51 A 0.416 

FEM 43 A 

30◦ 

First Premolar 0.146 FEM 52 A 0.292 

FEM 44 A Lateral Incisor 0.089 FEM 53 A 0.178 

FEM 45 A Palatally Impacted Canine 0.111 FEM 54 A 0.222 

Displacement At Middle Half Of Lateral Incisor Root(B) (mm) 

Models Inclination Of 

Canine 

Force = 50 gms Force =100gms 

Tooth Displacement 

(mm) 

Models Displacement 

(mm) 

FEM 55 B  

10◦ 

First Premolar 0.447 FEM 64 B 0.894 

FEM 56 B  Lateral Incisor 0.248 FEM 65 B 0.496 

FEM 57 B Palatally Impacted Canine 0.315 FEM 66 B 0.630 

FEM 58 B  

20◦ 

First Premolar 0.243 FEM 67 B 0.486 

FEM 59 B Lateral Incisor 0.132 FEM 68 B 0.264 

FEM 60 B Palatally Impacted Canine 0.170 FEM 69 B 0.340 
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FEM 61 B 

30◦ 

First Premolar 0.127 FEM 70 B         0.254 

FEM 62 B Lateral Incisor 0.070 FEM 71 B 0.140 

FEM 63 B Palatally Impacted Canine 0.092 FEM 72 B 0.184 

 

3. Results 

The von Mises stress on the PDL and the displacement of 

lateral incisor, palatally impacted canine, and first premolar 

on the impacted side of maxilla were evaluated when force of 

increasing magnitude (50gm and100gm) was applied. The 

stress distribution in the periodontal ligament was found to 

be highest in first premolar, lateral incisor followed by least 

in the palatally impacted maxillary canine as shown in Table 

2 and Color plate III, and the rate of displacement was highest 

in first premolar followed by impacted canine and least in the 

lateral incisor as shown in Table 3 and Color Plate IV. 

4. Discussion 

On evaluation of the stress distribution in all the teeth at 50 

gm and 100 gm of traction force the stress in the periodontal 

ligament was found to be more on the first premolar, lateral 

incisor followed by least in the palatally impacted maxillary 

canine as shown in Table 2, and Color plate III. This could 

be explained on the basis that the lateral incisor and first 

premolar are acting as the anchor unit to bring the palatally 

impacted canine to the occlusal level through orthodontic 

extrusive force. Furthermore, the palatally impacted canine 

have least stress because more distal the position of impacted 

canine in relation to the root of lateral incisor, lesser is the 

stress on the PDL of the impacted canine when an extrusive 

force is applied which was in accordance to the study done 

by Prasad N et al (2017).Error! Reference source not found. 

Furthermore, on evaluation of stress distribution was found 

to be increased at an inclination of 30 degrees followed by 20 

degrees and 10 degrees as shown in Table 2 and Color Plate 

III. This is because when the direction of force is in line with 

the long axis of the impacted tooth maximum stress is smaller 

and evenly distributed and when the direction of the force 

was placed at an increased angle to the long axis of the 

impacted tooth higher stresses are generated as reported by 

Zang et al (2008).Error! Reference source not found.  

 The results showed that the stress distribution on the 

PDL has been increased with the increase in the magnitude 

of force from 50gms to 100 gms on the palatally impacted 

canine as shown in Table 2 and Color Plate III. This indicates 

that when forces to extrude the impacted canine increases 

there is increase in the stress on the pdl of all the teeth which 

was supported by Prasad N et al (2017)Error! Reference source not 

found.  

Moreover, the rate of displacement was found to be 

highest in first premolar followed by impacted canine and 

least in the lateral incisor as shown in Table 3 and Colour 

Plate IV. This difference in the rate of the displacement might 

be because of the variations in the tooth size, morphology, 

alveolar bone height or the tooth inclinations, and  as the roots 

of first premolar are placed almost at 90 degrees to occlusal 

plane thereby having least resistance to displacement while 

lateral incisor are placed at an inclination to occlusal plane so 

that the surface area of contact between the root and alveolar 

bone increased, thus influencing it to have least rate of 

displacement.  This was in accordance to the studies done by 

the Nagendraprasad et al (2019)Error! Reference source not found. and 

Tanne et al (1991)Error! Reference source not found. who reported 

similar results. 

     Furthermore, the rate of displacement is more at 10 

degrees inclination followed by 20 degrees and 30 degrees as 

shown in Table 3 and Color Plate IV. This might be because 

more highly the canine is inclined, more is the stress 

generated resulting in more resistance to the tooth movement 

and less inclined canine would have least resistance to 

movement therefore greater displacement of the tooth which 

was reported by Zeno et al (2020)Error! Reference source not found. 

and Gerami et al (2016).Error! Reference source not found.  

On further evaluation the rate of displacement with 100 

gms of traction force was more as compared to 50 gms shown 

in Table 3 and Color Plate IV. This might be due to the 

difference in the magnitude of force applied on the FEM 

model which leads to increase in the rate of displacement 

which was in accordance to the studies done by Hixon et al 

(1970)Error! Reference source not found. and Prasad et al (2017).Error! 

Reference source not found.  

Furthermore, the stress was higher when the canine was 

inclined at 30 degrees followed by 20 and 10 degrees as 

shown in Table II and Color plate III. The reason behind this 

could be attributed to the increased inclination of the canine 

results in more resistance to the orthodontic traction leading 

to more concentration of stress. This was in accordance to 

Jacoby (1979).Error! Reference source not found. Kanjanaouthai A et 

al (2012)Error! Reference source not found. and Kornhauser et al 

(1996).Error! Reference source not found.  

Further, the results showed that the stress distribution 

was different when the palatally impacted canine placed at 

different vertical heights were compared, the stress 

distribution was more in palatally impacted canine placed at 

‘B’ than ‘A’ as shown in Table 2 and Color Plate III. This 

could be explained on the basis that more the canine is 

positioned vertically higher more will be the applied 

orthodontic traction force so more will be the stress generated 

which was in accordance to Zeno et al (2020)Error! Reference 

source not found. and Kornhauser et al (1996).Error! Reference source not 

found.  

Moreover, the rate of displacement was found more in 

palatally impacted canine placed at ‘A’ as compared to FEM 
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models positioned at ‘B’ as shown in Table 3 and Color Plate 

IV. This could be explained on the basis of stress distribution 

in FEM models used in the study. As the FEM models of 

impacted canine placed at ‘A’ showed less stress hence the 

rate of displacement would be more and impacted canine 

placed at ‘B’ showed more stress and hence the rate of 

displacement would be less. This was in accordance to the 

study done by Gerami et al (2016).Error! Reference source not found. 

   This study provides valuable insights into how the 

periodontal ligament (PDL) and teeth respond during 

orthodontic disimpaction. Further Finite Element Analysis 

(FEA) studies can explore various clinical scenarios, 

enabling orthodontists to adjust their treatment mechanics for 

the benefit of the patient. This method can serve as a 

diagnostic tool to plan appropriate treatment strategies for 

specific cases. 

5. Conclusion 

1. The stress distribution pattern varied with inclination 

of the impacted canine. As the inclination of the 

impacted canine to the midline increases, the stress 

generated in the PDL increases. 

2. The rate of tooth displacement decreases with the 

increase in inclination of palatally impacted canine. 

3. Stress distribution was higher when the impacted 

canine was placed at the middle half of the lateral 

incisor root than at the coronal half. The displacement 

was higher when the canine was placed at the coronal 

half of lateral incisor root than at the middle half. 

6. Source of Funding 

None. 

7. Conflict of Internets 

None 
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