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 الخلاصة 

اند  في القرن الحادي والعشرين ، تحدى  الققدىا القولولدوأي ائيدالأي ان دلان ندار ااأدراراف ال حاوفدا رال لداعر وال قعدىد  ال و:  المقدمة

ا نن تقدوي  FEMا قلىاا عريقا العلاصر ال حىود  )رطريقا اكثر موثوقيا وغير ضار  ر ( القدي ي ولادا محاكدا  وتح يدا لياكدا ان دلانا نندرق

لي واحى  من اكثر اندواف دقدا ل اداحثين فدي لدلا ال  دالا ت قدي لدلج ال راأعدا الادور ا د  ا دقلىاا  FEMان لان يىور حول القو  ، فإن 

انرحداث ال لق ادا القدي تد  ؤأرابلدا را دقلىاا ن دو     دلان والوأدا القحاديا يلدذن لدلا الاحد العلاصر ال حىود  في ارحاث تقدوي  ان  عريقا

راحداف العلاصر ال حىود  لىرا ا ن و رليا ال    ا ، ورد الاعا ال يوانيوي الحيوي لقو  تقوي  العناا ، وحركا ان لان الققوي يدا ، وتطايدج أ

   ، والغر اف الققوي يااالققوي

 

ABSTRACT 
In the 21st era, technological progressions challenged the dental professional to perform extremely risky and 

multifaceted procedures more reliably and harmless way using the finite element method (FEM) that can sim-

ulate and analyze the dental structures. As orthodontic revolve about the forces so FEM is one of the most 

accurate tools for the researchers in this ground. This review highlights the use of the finite element method in 

orthodontics and craniofacial research. This stores the different researches performed by using the finite ele-

ment model to study the growth of the cranial structure, biomechanical reaction to orthopedic forces, ortho-

dontic tooth movement, orthognathic surgeries application, and orthodontic implants 
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Finite Element Method  

       The finite element method (FEM) is a 

computerized Analytical tool that estimates the 

deformation and the biomechanical response of 

a geometric model that results from a definite 

force upon a system a geometric model that 

results from a definite force upon a system 1.  

An Overview on the Applications of Finite 
Element Analysis in Orthodontic 

ISSN: 1812–1217 

              E- ISSN: 1998-0345 

Al–Rafidain Dent J 

 Vol. 21, No.2, 2021 

http://dx.doi.org/10.33899/rdenj.2021.129173.1074
http://creativecommons.org/licenses/by/4.0/


 

186 
 

       The finite element was firstly introduced in 

the early 1960s. Most commercial FEM soft-

ware packages originated in the 1970s like 

Abaqus and Ansys 2. 

FEM divides the analyzed structure into several 

partitions (elements). The elements are recon-

nected at “nodes” resulting in a set of simulta-

neous algebraic equations at nodes 3. 

Advantages of FEM  

• FEM can be applied to non-linear and linear 

as well as fluid and solid structural 4. 

• It is a non-destructive technique 4. 

• By utilizing FEM, any biological condition 

can be simulated to get more accurate results 1. 

• Assess the deformation in a repeatable man-

ner, repeating the analysis does not distress the 

tested material properties 4. 

• Static and dynamic analysis are conceivable 2. 

• Less effort and time consuming 1. 

• No need for extensive instrumentation 4. 

Shortcomings of FEM 

• Inaccurate details and information will result 

in misguiding results 4. 

• Human biological structures are extremely 

challenging for modeling 4. 

• Accurate physical properties should be avail-

able 4. 

• Tooth is restrained to the surrounding tissue; 

this is presumed to be rigid. This assumption 

will introduce some error 4. 

Application of FEM in orthodontics 

1-Craniofacial growth  

According to Moss et al.5, FEM evaluates the 

cranium finer than previously available. 

Diewert and Lozanoff 6 executed a morphomet-

ric study of early human craniofacial develop-

ment in the median plane through the period of 

primary palate growth using FE analysis sug-

gested that morphogenetic growth changes in 

the cranial regions are closely associated with 

facial regions during primary palate formation. 

Montegi et al.7 in their study examine the facial 

skeleton changes with the aims of FEM. The 

results indicate that mandible growth was main-

ly in the early human period, and the path of 

growth directed backward and upward from the 

mental region to condylar joint.  

      According to McIntyre et al.8, FEM is a 

sensitive morphometric technique and it can 

estimate the shape change of the structure un-

der examination, in all directions and at each 

landmark which is not possible with conven-

tional cephalometric analysis.  

2-Periodontal stress and tooth movement  

      The biomechanics of orthodontic movement 

has been explained by many researchers. Tooth 

movement essentially is governed by stress and 

strain in periodontal tissue 4. 

Williams and Edmundson 9 studied the position 

of the instantaneous center of rotation of a max-

illary central incisor using the FEM. It shows 

that the center of rotation is insensitive to the 

properties of the surrounding periodontal tis-

sue. The position of the center of rotation is 

independent of load but dependent on the point 

of loading. Tanne K et al 10 studied the stress in 

the periodontal tissue that results from ortho-

dontic forces using the FEM. They found out 
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that the stresses in the periodontium from a 

specified level of force were different, depend-

ing on the center of rotation of the tooth. 

      McGuinness et al 11 found that the quantifi-

cation of stress in the periodontal ligament is an 

important concept, as stress in the periodontal 

ligament is transmitted to the alveolus with 

subsequent bone remodeling and tooth move-

ment produced by an edgewise appliance. Mes-

trovic et al 12 study the tooth movement result-

ing from orthodontic forces using FEM. They 

also concluded that the tipping tooth movement 

is greater if the force is applied more gingival-

ly.  

       Kojima et al13 studied the difference in ini-

tial tooth movement and     long-term tooth 

movement on finite element simulation of max-

illary teeth connected with the archwire. Ac-

cording to them the location of the center of 

resistance could be estimated from the initial 

tooth movement, assuming the archwire to be a 

rigid material. Jing et al 14, evaluated the stress 

patterns along tooth root, periodontium and 

surrounding bone during cuspid tipping and 

bodily movement in four consecutive therapeu-

tic weeks by using 3D FEM. 

      Despite the increasing request for clear 

aligners to treat maligned teeth, many concerns 

about the efficacy for this system in controlling 

tooth movement. The tooth movement achieved 

upon aligner therapy differs from tooth move-

ment achieved with traditional fix appliance. 

Jiang et al15 studied tooth behaviors under up-

per anterior teeth retraction with clear aligner 

therapy. A three-dimensional model of maxil-

lary teeth with extracted first premolar was 

constructed for finite element analysis. They 

found that combining intrusion displacement on 

aligners led to a tendency of lingual root 

movement for incisor retraction. 

      The mechanical environment associated 

with orthodontic tooth movement and root re-

sorption is more complex than is generally ap-

preciated. In the same region of root, PDL and 

bone, there can be predominantly compressive 

stresses in one structure, but tensile stresses in 

another. Viecilli et al16 analyze the directions of 

tension and compression within the alveolar 

bone. An idealized tooth model was construct-

ed with CAD for finite element stress analysis. 

They found highest principal stress magnitudes 

in the root, PDL and alveolar surface occurred 

predominantly in the longitudinal, radial and 

hoop directions, respectively. On the "compres-

sion" side, the only structure consistently in 

compression in all directions is the PDL; how-

ever, magnitudes are different in different di-

rections. 

3-Orthopaedic forces 

      Tanne K et al 17 through three-dimensional 

FEA models of the mandible studied orthopae-

dic chin cup forces biomechanical effects on 

temporomandibular joint and mandible from. 

This study indicated that, remodelling of the 

mandible as a result of chin cup forces used for 

adolescent individuals with advance mandibleا  

Jafari et al 18, in their study used 3D FE model 

of a human dried skull to analyze rapid maxil-
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lary expansion stress distribution within the 

craniofacial complex. According to this study, 

the expansive forces are also noticeable within 

the zygomatic and sphenoid region as well as in 

the intermaxillary suture. 

4-Temporomandibular joint dynamics 

      Gupta et al19 used a 3D model to assess the 

of stress in the temporomandibular joint result-

ing from mandibular protraction. This study 

indicates that the tensile stresses noticed in the 

posterosuperior surface of the mandibular con-

dyle this explains condylar progression in this 

direction. Also, the tensile stresses are generat-

ed in the posterior tissues for the glenoid fossa 

this explains the higher cellular activity for this 

areaا 

      Katada et al 20, used 3D FEM to examine 

the stresses pattern on the mandible and tem-

poromandibular joint consequential to the uni-

lateral horizontal lengthening of mandibular 

body and vertical lengthening of the ramus. For 

the mandibular body lengthening, the stress 

was seen in the anterior area of the condyle and 

the condyle tilted backward. Conversely, for 

ramus lengthening the stress found in the poste-

rior area of the condyle and the condyle tilted 

forward.  

5- Orthognathic surgeries 

In orthognathic surgeries aesthetic is of prime 

importance as patients are too much concerned 

about their post-operative facial morphology. 

The advent of facial 3D simulation models and 

virtual orthognathic surgery gives the patient 

and the surgeon a new way to interact with 

each other.  

Chabanas et al 21, through 3D FE model of face 

soft tissue predicted facial soft tissue defor-

mations resulting from bone repositioning in 

maxillofacial surgeryا Obaidellah et al 22, in 

their paper, designate surgical scheduling, sim-

ulation and expectation of facial soft tissue look 

consequential to mandibular advancement us-

ing FEM.  

        Hasan et al   23 deliberate the biomechani-

cal effect of distractor force direction for man-

dibular corpus distraction osteogenesis. They 

found that  the maximum von Mises stress, x 

and z displacement were associated within 

force parallel to the inferior border of the man-

dible. 

       Al-Khatib et al 24 found that Male and fe-

male models showed no significant difference 

for Von Mises stress value and distribution 

with the same force that associated with dis-

traction osteogenesis of ascending ramus 

lengthening. The displacement was higher for 

males than females. 

6- Orthodontic implants 

Mini screws and mini-implants are being wide-

ly used as Anchorage unite in orthodontic 

treatment. 

      Gallas et al 25, examined 3D bone and im-

plant FE model. Their study presented that the 

stresses were always concentrated around the 

cervical region. Jiang et al 26, carried out a fi-

nite element model to assess orthodontic mini-

implant differences in the diameter and length 
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and to categorize their optimal choices for the 

maxillary posterior region. They found out that 

diameter exceeding 1.5mm in combination with 

the longest length in the safety range was the 

optimal biomechanical choiceا  

       Qie et al 27. study aim to explain the bio-

mechanical effects of mutual loading of upper 

anterior teeth and posterior implants with the 

sliding method for en-masse anterior teeth re-

traction. 

7-Brackets and wire designs 

      The FEA diminishes the need for samples 

and workshop experimentation and allows 

more design options to be tested easily. Ghosh 

et al 28, compared six commercially available 

ceramic brackets with different designs, FEM 

was used in stress analysis of them subjected to 

various forces. They found out that stresses 

were concentrated at corners, edges and other 

areas of abrupt change in the shape of the 

bracket.  

       Huang et al 29using the FEM, studied the 

torque abilities of conventional and self-

ligating brackets. According to their study, the 

active clip of the Speed bracket diminishes 

torque performance but concurrently lowers the 

torque moment considerably below the active 

moment.  

      Kawamura et al 30 found that as archwire 

size was diminished lingual tipping of the inci-

sors was detected using a3D FEM. 

Shyagali et al31 study the difference in stresses 

generated in the bracket-cement-tooth system 

utilizing a three-dimensional finite element 

model. They found Adjusting the bracket base 

mesh by changing the distance of the mesh sig-

nificantly effects the sum of stress generated in 

the bracket-cement tooth band. 

       Knox et al32 utilize a 3D dimensional finite 

element model to evaluate the stresses in the 

bracket-cement-tooth band when the physical 

and geometric properties of cement are varied. 

They found that the physical properties and 

thickness of the cement lute and the shape of 

the cement lute periphery contribute to the 

stress distribution within the bracket-cement-

tooth band. 

CONCLUSIONS 

        FEM provides a new pathway of research 

with less time, money, animal study models 

and experiments. Orthodontists can investigate 

about various things by mean of FEM. Alt-

hough FEM does not exactly simulate the bio-

logical structures but at least some of the physi-

cal properties can be studied using it. It holds a 

special importance for orthodontic science con-

cerned around forces and stress distribution. 
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