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Abstract
Introduction: The effectiveness of orthodontic treatment depends on precise control of the anterior teeth
during retraction in sliding mechanics. That is why researchers were interested in finding the appropriate
loading conditions for sliding mechanics to govern anterior teeth's movement, such as the height of
retraction force application and its location on the arch wire.

Methods: A FEM study was conducted to evaluate the type of movement of anterior teeth during en-masse
retraction by applying 200 gms of force to each side of the maxillary arch with power arms set at various
levels (4 mm, 6 mm, 8 mm) mesial to canine from mini-screw placed at a height of 8 mm between maxillary
first molar and second premolar. A 3D model (FEM) of the maxillary arch was constructed to study the
amount of labio-lingual tipping and bodily displacement of maxillary central incisor achieved.

Results: When a 200-gm power was applied to the power arm, controlled lingual crown tipping was seen at
the levels of 4 mm and 6 mm, in contrast to the level of 8 mm, where bodily displacement occurred,
according to this evaluation. 

Conclusion: In sliding mechanics, the height of the power arm plays an important role in obtaining
controlled lingual crown tipping or bodily displacement during retraction of anterior teeth.
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Introduction
Anterior tooth retraction with sliding mechanics has been frequently employed for space closure after
premolar extraction. The effectiveness of orthodontic treatment depends on the ability to precisely control
the movement of the anterior teeth during space closure using sliding mechanics. Power arms coupled to the
arch wire make this possible [1].

The power arm used to deliver retraction force at the anterior teeth's center of resistance (CR) has been
lengthened to aid in movement. Sliding mechanics anterior teeth retraction may be performed with a wide
range of vertical retraction pressures by attaching varying lengths of power arms to an arch wire [2,3].
Consequently, it is important to know and use the optimal power arm height for effective anterior tooth
retraction. The introduction of mini-implants to orthodontic practice as an absolute anchorage device in
clinical conditions where maximum anchorage is required for en masse retraction also made it possible to
obtain an effective and controlled anterior tooth retraction with no anchor loss [4]. 

When it comes to the biomechanical aspects of orthodontic tooth movement [5], much research has
employed laser holography, strain gauge methods, photoelasticity methods, and the finite element method
(FEM). When it comes to studying the biomechanical and biological aspects of orthodontic tooth movement,
finite element analysis is an excellent tool. Stress distributions and 3-D displacements may be calculated
using the finite element method (FEM) in a wide range of systems with non-homogeneous physical features
[6,7].

We wanted to see what kinds of tooth movements we might elicit by delivering 200gm of force to the power
arm at various heights. The degree of labio-lingual tilting of the maxillary central incisor was determined
using a 3-D finite element simulation of en-masse retraction in sliding mechanics utilizing a 19x 25 SS arch
wire in a 0.022 MBT slot prescription.

Materials And Methods
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Experimental conditions 
A CT image of the maxilla from a skull was used to generate a model of the 12 maxillary front teeth and their
supporting designs (PDL and alveolar bone). Digital data from the CT scans were saved as DICOM (electronic
imaging and correspondence in drug) files and sent to a third party for analysis, where a numerical model
was developed to treat the patient's disease. The numerical model was entirely converted to FEM using
HyperMesh programming (Figures 1, 2).

FIGURE 1: 3D mesh of the area examined

FIGURE 2: FEM model of the area constructed

The maxillary premolars are removed. Between the maxillary second premolar and the primary molar,
titanium mini-implants of 1.2 mm in width and a length of 8 mm were placed buccally at an 8 mm height
from the gingival margin (Figure 3). Ansys, a biomechanical evaluation tool, was used to simulate the
maxillary 12 teeth's restricted portion to display.
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FIGURE 3: Ansys software image

Two power arms were attached mesial to the canine bilaterally and perpendicular to the arch wire. An
appliance with 0.022 bracket slots and a 0.019 x 0.025-in stainless steel arch wire was generated. A
retraction force of 200 gm was applied bilaterally from the mini-implant model to three heights of retraction
hook placed mesial to canine (4, 6, and 8mm).

Based on these 3D solid models, a finite-element mesh was created to make a node-to-node connection
between tooth, alveolar bone, and PDL. The amounts of tooth movements were calculated at each nodal
point using HyperMesh (Paterna, Valencia) and Ansys software (Pennsylvania, USA) for generating models.

Material parameters
To accurately model the behavior of an object, a FEM must have the right material characteristics assigned
to it. Teeth, periodontal ligament, alveolar bone, and stainless steel were all deemed homogeneous and
isotropic in this investigation. The Young's Modulus (also known as the modulus of elasticity) and the
Poisson's Ratio 8 were the material qualities given (Table 1).

Material Young’s modulus Poisson’s ratio

Tooth 2.07x103  kgf/mm2 0.30  

Compact bone 1.37x103  kgf/mm2 0.30  

Cancellous bone 8.00x102  kgf/mm2 0.30

Archwire/powerarm/bracket/ Ti alloy   107.0 0.30    

TABLE 1: Young’s modulus and Poisson’s ratio for various materials used in this study.

Results
In the present FEM study, the results demonstrated the amount of labio-lingual tipping achieved in the
anterior teeth with different power arm lengths. In order to express the link between the kind of movement
and the length of the retraction hook, each tooth's rotational angle was recorded. Based on the determined
rotation (tipping) angle, a graph was created and viewed. A graph was plotted with a height of retraction (in
millimeters) on X-axis and rotation angle (in degrees) on the Y-axis. A positive sign indicates a lingual crown
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tipping and a negative sign indicates lingual root tipping. 

A controlled tilting of the anterior teeth happened when a force of 200 gm was given to a 4mm height power
arm, which was positioned mesial to the canine. The rotation angle was -0.1 degrees when the retraction
hook's height was increased to 8mm. That signifies the rotation has gone from the lingual crown tipping
(positive indication) to the lingual root tipping (negative sign).

Using a retraction force of 200 gm, millimeters of crown and root apex displacement were measured at each
height of the retraction hook in the sagittal plane for the front teeth. According to the results, the retraction
hook's height was shown to be responsible for a displacement of the crown and root of 0.033 millimeters,
whereas, at a distance of 6 millimeters, the displacement was 0.034 millimeters. When the retraction hook
reached 8 mm high, the crown and root were both displaced by the same amount of 0.034mm (Table 2).

Tooth Displacement Anterior Retraction Hook Heights

 TAD=8mm from CEJ 4mm 6mm 8mm

Central Incisor
Crown 0.033mm 0.034mm 0.034mm

Root 0.023mm 0.024mm 0.035mm

Lateral Incisor
Crown 0.034mm 0.034mm 0.034mm

Root 0.022mm 0.03mm 0.034mm

Canine
Crown 0.033mm 0.034mm 0.034mm

Root 0.011mm 0.017mm 0.018mm

TABLE 2: Displacements in millimeters for the anterior teeth when retraction force of 200 gm was
applied.

So, when a retraction force of 200 grams was given to the four and six-millimeter hooks, root displacement
happened more often than a crown dislocation. There was a bodily movement of anterior teeth, i.e., the same
amount of crown and root displacement seen for retraction hook height of 8mm.

Discussion
Sliding mechanics is the commonly used mechanics for space closing after premolar extraction. Orthodontic
mini-implants are used as a skeletal anchorage, which provides absolute stability to the segments by
providing resistance toward undesirable reactionary tooth movements [9]. An 8-mm distance from the
gingival margin was chosen for the placement of mini-implants in this study, which was shown to be
appropriate for passing of force vector to the center of resistance. In the FEM model, Ashekar et al. [4]
showed that a low mini-implant placement (6 mm) leads the anterior teeth to the tip, and a mid- mini-
implant placement (8 mm) results in bodily movement, and a high mini-implant placement (10 mm)
produces an intrusion. But Chetan et al. suggested that the mini-implants position in the vertical plane will
influence the type of tooth movement. Ghannam et al. [8] observed fewer tipping moments when the
implant was placed 8mm from arch wire than when it was placed at 4.5mm height. In the present study, the
mini-implant was placed 8mm from the gingival margin because it made the force vector pass as close to the
center resistance which brings a bodily retraction, and also placing coronal to this height might result in
perforation of PDL, sinus or root damage [9].

By Story and Smith [10], an optimal power of 175 to 300 gm (1.75 to 3.0 N) was estimated for considerable
canine withdrawal, and an appropriate power framework is important for an adequate organic response in
the periodontal tendon. Lee predicted that a pressure range of 150-260 gm/cm2 would be necessary to
achieve optimal tooth growth. Ruenpol et al. [9] used 200gm of power for withdrawal in their study and
obtained development similar to the outcome of our present research. As shown in a study by Ren et al., it is
impossible to identify an edge for force extent that would influence orthodontic tooth movement, as
demonstrated in a study published in the Journal of Dental Research [11].

Lingual crown or root tipping or bodily movement are the forms of tooth movement that are influenced by
center of resistance and the line of force application [12]. The height of the retraction hook might change
the center of rotation of the anterior teeth during space closure in sliding mechanics. By attaching
different lengths of retraction hook onto the arch wire, different types of tooth movement may be
achieved [12,13].
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During the present evaluation, the direction changed from lingual crown tipping to lingual root tipping
because of the increase in the amount of the withdrawal catch. It was shown that lingual crown tipping
(rotation angle is positive) was obtained for 4mm and 6mm retraction hooks, and lingual root tipping
(negative rotation angle) was obtained for 8 mm retraction hook. It was found that when 200gm of force was
applied to a retraction hook of 8mm placed mesial to canine, crown and root displacement occurred at the
same rate, which indicated bodily retraction of maxillary teeth.

Limitations
Due to the complexity of force systems used in an orthodontic patient, the finite element (FE) method
allows the analytical application of different force systems at any point and direction. The finite element
method could be a very versatile method of studying the physical behavior of elements; however, biology is
hard to predict and should be taken into consideration. An idealized geometric shape was used for the
periodontal ligament and tooth roots; physical attributes were considered to be homogeneous, isotropic, and
linear in the ideal model. This approach may still be utilized to characterize stress in the periodontal
ligament (PDL) and adjacent alveolar bone, despite these limitations.

Further studies using FEM, including variables affecting biomechanical behavior of tooth movement and
anatomic parameters, are still needed.

Conclusions
It can be concluded that bodily retraction occurred when a force of 200gm was applied to a retraction hook
of 8mm height, and controlled tipping occurred when lesser height retraction hooks (4mm, 6mm) are used.
Uncontrolled tipping reduced as the power arm's height increased, and body movement was possible while
retraction of anterior teeth utilizing mini-implant anchoring was performed. To obtain better control of the
inclination of anterior teeth in sliding mechanics, orthodontists put a retraction hook height of 8 mm on an
arch wire placed between the lateral canine and the incisor.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Andrews LF: The six keys to normal occlusion . Am J Orthod. 1972, 62:296-309.
2. McLaughlin RP, Bennett JC: The transition from standard edgewise to preadjusted appliance systems . J Clin

Orthod. 1997, 1989:142-53.
3. Sheldon FC: The Role of mechanics in an extraction case . Am J Orthod. 1956, 26:250-60. 10.1043/0003-

3219(1956)026<0250:TROMIA>2.0.CO;2
4. Cattaneo PM, Dalstra M, Melsen B: Moment-to-force ratio, center of rotation, and force level: a finite

element study predicting their interdependency for simulated orthodontic loading regimens. Am J Orthod
Dentofacial Orthop. 2008, 133:681-9. 10.1016/j.ajodo.2006.05.038

5. Bohara P, Kumar M, Sharma H, Jayprakash PK, Misra V, Stress KS: Stress distribution and displacement of
maxillary anterior teeth during en-masse intrusion and retraction: a FEM study. J Indian Orthod Soc. 2017,
51:3. 10.4103/jios.jios_199_16

6. Smith RJ, Burstone CJ: Mechanics of tooth movement . Am J Orthod. 1984, 85:294-307. 10.1016/0002-
9416(84)90187-8

7. Proffit WR, Fields HW: Mechanical principles in orthodontic force control . Contemporary Orthodontics.
Elsevier (ed): Mosby, St Louis; 2000. 3:326-61.

8. S C, Keluskar KM, Vasisht VN, Revankar S: En-masse retraction of the maxillary anterior teeth by applying
force from four different levels - A finite element study. J Clin Diagn Res. 2014, 8:ZC26-30.
10.7860/JCDR/2014/8408.4831

9. Ghannam M, Kamiloğlu B: Effects of skeletally supported anterior en masse retraction with varied lever arm
lengths and locations in lingual orthodontic treatment: a 3D finite element study. Biomed Res Int. 2021,
2021:9975428. 10.1155/2021/9975428

10. Shreevats R. Cs, Prashanth, Amarnath BC, Shetty Akshai: An fem study on anterior tooth movement, in
sliding mechanics with varying bracket slot and archwire dimension with and without alveolar bone loss. Int
J Appl Dent Sci. 2018, 4:197-202.

11. Ren Y, Maltha JC, Kuijpers-Jagtman AM: Optimum force magnitude for orthodontic tooth movement: a
systematic literature review. Angle Orthod. 2003, 73:86-92. 10.1043/0003-
3219(2003)073<0086:OFMFOT>2.0.CO;2

12. Ruenpol N, Sucharitpwatskul S, Wattanawongskun P, Charoenworaluck N: Force direction using miniscrews

2022 George et al. Cureus 14(6): e25976. DOI 10.7759/cureus.25976 5 of 6

https://pubmed.ncbi.nlm.nih.gov/4505873/
https://www.jco-online.com/archive/1989/03/142-the-transition-from-standard-edgewise-to-preadjusted-appliance-systems/
https://dx.doi.org/10.1043/0003-3219(1956)026<0250:TROMIA>2.0.CO;2
https://dx.doi.org/10.1043/0003-3219(1956)026<0250:TROMIA>2.0.CO;2
https://dx.doi.org/10.1016/j.ajodo.2006.05.038
https://dx.doi.org/10.1016/j.ajodo.2006.05.038
https://dx.doi.org/10.4103/jios.jios_199_16
https://dx.doi.org/10.4103/jios.jios_199_16
https://dx.doi.org/10.1016/0002-9416(84)90187-8
https://dx.doi.org/10.1016/0002-9416(84)90187-8
https://books.google.co.in/books?hl=en&lr=&id=1UJMrCGUKi0C&oi=fnd&pg=PT13&dq=Mechanical+principles+in+orthodontic+force+control+Contemporary+orthodontics&ots=GH7MgHC1WR&sig=X1aIY_3VeIprLKwFt3Y_Hi7T7ok#v=onepage&q=Mechanical principles in orthodontic force control Contemporary orthodontics&f=false
https://dx.doi.org/10.7860/JCDR/2014/8408.4831
https://dx.doi.org/10.7860/JCDR/2014/8408.4831
https://dx.doi.org/10.1155/2021/9975428
https://dx.doi.org/10.1155/2021/9975428
https://www.oraljournal.com/pdf/2018/vol4issue1/PartD/4-1-38-930.pdf
https://dx.doi.org/10.1043/0003-3219(2003)073<0086:OFMFOT>2.0.CO;2
https://dx.doi.org/10.1043/0003-3219(2003)073<0086:OFMFOT>2.0.CO;2


in sliding mechanics differentially affected maxillary central incisor retraction: finite element simulation
and typhodont model. J Dent Sci. 2019, 14:138-45. 10.1016/j.jds.2019.01.016

13. Ghadge A, Shah A, Karandikar G, Gangurde P, Gaikwad S, Jadhav B: To evaluate the effects of varying
positions and heights of power arms and locations of temporary anchorage devices in sliding mechanics on
en-masse retraction of maxillary anterior teeth: A FEM study. International Journal of Dental Science and
Innovative Research. 2019, 2:237 - 249.

2022 George et al. Cureus 14(6): e25976. DOI 10.7759/cureus.25976 6 of 6

https://dx.doi.org/10.1016/j.jds.2019.01.016
https://dx.doi.org/10.1016/j.jds.2019.01.016
https://www.ijdsir.com/asset/images/uploads/15594534385193.pdf

	The Influence of Heights of Power Arm for Controlled Anterior Teeth Movement in Sliding Mechanics: A 3D FEM Study
	Abstract
	Introduction
	Materials And Methods
	Experimental conditions
	FIGURE 1: 3D mesh of the area examined
	FIGURE 2: FEM model of the area constructed
	FIGURE 3: Ansys software image

	Material parameters
	TABLE 1: Young’s modulus and Poisson’s ratio for various materials used in this study.


	Results
	TABLE 2: Displacements in millimeters for the anterior teeth when retraction force of 200 gm was applied.

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


