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Biomechanical analysis for the distalisation  
of the mandibular dentition with anterior alveolar 
bone loss based on the location of an applied 
force: A finite element study
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Introduction: The present study analysed the tooth movement patterns and stress distribution in patients presenting with anterior 
alveolar bone loss, associated with the use of force vectors applied from a mini-screw to distalise the mandibular dentition. 
Methods: Mandibular anterior teeth characterised by alveolar bone loss (zero, one third, one half of the root length) were 
constructed from a cone-beam computed tomography image, and a mini-screw was inserted into the mandibular buccal shelf.  
A distalising force of 2 N was applied from the mini-screw to three different lengths of an anterior retraction hook: 2, 7, and  
12 mm. The tooth displacement and von Mises stress distribution in the periodontal ligament (PDL) were calculated via a finite 
element analysis.
Results: In all the models, significant movement was found around the anterior segment, and the stress was primarily concentrated 
at the cervical margin and apical area of the lateral incisor and canine teeth. With absorption of the anterior alveolar bone, 
extrusive lingual inclination of the anterior teeth, intrusive distal tipping of the posterior teeth and stress concentration in the PDL 
increased. Long retraction hooks led to lingual root and intrusive crown movement of the incisors and reduced uncontrolled distal 
tipping movement of the posterior teeth but also increased the range and magnitude of stress in the PDL of the anterior teeth. 
Conclusion: During the distalisation of the mandibular dentition associated with anterior alveolar bone horizontal resorption, 
different retraction hook heights may be selected to control the movement of the teeth. Special consideration should be given to 
stress in the PDL of the mandibular incisors.
(Aust Orthod J 2025; 41: 8 - 17. DOI: 10.2478/aoj-2024-0031)
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Introduction

A skeletal Class III malocclusion is characterised 
by a prognathic skeletal pattern and a concave 
facial profile.1 Proclination of the upper incisors 
and retroclination of the lower incisors are often 
noted in compensation for the maxillomandibular 
discrepancy.2 With increasing attention to the oral 
health of adult patients, those with a skeletal Class 

III malocclusion combined with periodontitis have 
a strong need for orthodontic treatment due to the 
traumatic occlusion and aesthetic concerns.3,4

Clinicians have attempted to provide appropriate 
treatment according to the type of Class III 
malocclusion, the stage of the patient’s maturation 
and patients’ opinion.5 For adult patients with a mild 
to moderate skeletal discrepancy, common strategies 
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of orthodontic camouflage treatment, involving 
dental extraction, Class III elastics and headgear 
can be used to manage the malocclusion.6–8 It is 
noteworthy that skeletal Class III patients frequently 
present with a thin alveolar bone and insufficient 
bone volume in the lower anterior region. Extractions 
and excessive retraction of the lower anterior teeth 
could worsen the concave facial profile and increase 
the risk of periodontal effects, especially in patients 
with existing periodontal disease. Therefore, non-
extraction treatment is preferred.9,10 Although Class 
III elastics can achieve a dental correction, excessive 
proclination of the upper anterior teeth and extrusion 
of the maxillary molars result in unfavourable 
aesthetic outcomes.11,12 Reverse-pull headgear can 
achieve both aesthetic and functional results but 
requires a high level of patient co-operation.13 In 
recent years, several studies have reported that 
temporary skeletal anchorage devices (TSADs) can 
prevent undesirable changes by providing absolute 
anchorage for the distalisation of the lower dentition 
without patient co-operation.14–16

The orthodontic treatment of patients with 
periodontitis is based on the level of periodontal 
health because uncontrolled inflammation will 
accelerate the loss of supportive tissue during 
treatment.17 It is also worth noting that tooth 
movement in patients with a reduced periodontium, 
in which the tooth’s centre of resistance is apically 
displaced, results in the expression of greater moments 
of force.18 Skeletal Class III patients are susceptible 
to alveolar bone resorption in the lower anterior 
region during orthodontic treatment.19 Furthermore, 
the position of the lower incisors is significantly 
correlated with the treatment outcomes of skeletal 
Class III patients.16 Accordingly, to maintain 
periodontal health and avoid undesirable movement, 
attention should be directed to the position of the 
lower anterior teeth. Several studies have reported 
that suitable displacement of the overall dentition 
can be achieved by selecting the appropriate force 
vectors during distalisation.20–22 However, there have 
been few investigations regarding the biomechanical 
considerations surrounding the distalisation of a 
lower dentition affected by anterior alveolar bone 
resorption.
A finite element analysis (FEA) is widely used to 
investigate the biomechanical characteristics of 
orthodontic treatment.21–25 Therefore, the present 

study aimed to evaluate the biomechanical analysis 
related to the distalisation of the mandibular 
dentition with anterior alveolar bone loss through a 
FE analysis, based on the location of an applied force, 
and thereby provide a reference for the treatment 
of skeletal Class III patients affected by periodontal 
disease.

Materials and methods
The study was approved by the ethics committee 
of Qingdao Stomatological Hospital affiliated with 
Qingdao University. The participant was informed 
about the research purpose and signed a consent 
form. A 23-year-old adult patient with a mild skeletal 
Class III malocclusion and who had an aligned lower 
dentition was selected. Before orthodontic treatment, 
both mandibular third molars were extracted. A 
cone-beam computed tomography image obtained 
by a three-dimensional (3D) examination device 
(Kavo Dental GmbH, Biberach, Germany) was 
stored in DICOM format, imported to Mimics 21.0 
(Materialise, Leuven, Belgium), and then exported 
to Geomagic 2017 (3D Systems, Rock Hill, SC) 
in STL format for the construction of three solid 
models. Model 1 simulated the mandibular anterior 
teeth without alveolar bone loss while Models 2  
and 3 characterised the alveolar bone of the 
mandibular anterior teeth with bone to one-third 
and one-half of the root length resorbed, respectively 
(Figure 1A). The thickness of the PDL was accepted 
as 0.3 mm.26

Brackets with 0.018 × 0.025-inch slots were 
constructed and bonded on the buccal surfaces of the 
teeth (placement was a reference plane established 4 
mm from the incisal edge of the central incisor and 
4.5 mm from the canine). Two millimetre, 7 mm and 
12 mm traction hooks, which are commonly used 
in clinical practice, were attached to the mandibular 
arch wire (0.018 × 0.025-inch) between the lateral 
incisor and canine. According to a previous study on 
safe regions for mini-screw implantation for the distal 
movement of the mandibular dentition, a mini-screw 
(2 mm in diameter and 7 mm in length) was placed 
between the mandibular first and second molars and 
7 mm from the crest of the alveolar ridge.27,28 The 
angle of implantation was 30° to the long axis of the 
second molar. The models were assembled and then 
saved as SLDPRT files.



10    Australasian Orthodontic Journal Volume 41 2025

YANG, ZHANG, ZHENG AND HOU

All materials in the present study were considered 
to be homogeneous linear elastic bodies, and the 
material deformation was minimal.23 Young’s 
modulus and Poisson’s ratio used were obtained from 
the literature and are presented in Table I.29 The FE 
models were constructed using tetrahedral elements. 
The mesh size for the teeth and bone was 0.8 mm 
and 0.3 mm for the mini-screws and surrounding 
bone. The average total number of nodes and entity 
units of the nine models was 274190 nodes and 
805921 units, respectively. All models were generated 
using ANSYS Workbench software and prepared for 
analysis (Figure 1B).
To investigate the tooth movement patterns and stress 
distributions at different levels of anterior alveolar 
bone loss after applying a distal force on the traction 

hooks of different heights, a distalisation force of 2.0 
N was applied along a line from the mini-screw to 
the three different heights of the retraction hook: 
2, 7 and 12 mm. For the boundary condition, all 
nodes at the base and distal extremities of the model 
were fixed in all directions. A bonded contact type 
was used to constrain relative sliding of the tooth-
brackets, tooth-PDL, and alveolar bone-PDL. The 
contact between the bracket and the arch wire was 
set to “no separation”, which meant that under 
low-friction conditions, the arch wire moved along 
the bracket slot without separation in the vertical 
direction. The mini-screws were rigidly connected to 
the mandible.
A standard co-ordinate system was constructed for 
each model. The displacements of the midpoints of 
the incisal edges and apical points of the incisors, 
the cusp and apical points of the canines, the 
buccal cusps and apical points of premolars, and 
the mesiobuccal cusps and mesial apical points of  
the molars were expressed in the x-, y-, and z-axes 
(Figure 2). The x-axis represented the direction 
of transverse movement, the y-axis represented 
the direction of anterior-posterior, and the z-axis 
represented the direction of vertical movements, 
respectively. The positive values of the x-, y-, and 
z-axes were defined as the medial, posterior and 

Figure 1. A, Construction of orthodontic models of mandibular anterior alveolar bone of different heights. (a) Alveolar bone not resorbed. (b) Alveolar 
bone absorbed by one third. (c) Alveolar bone resorbed by a half. B, Experimental conditions. Conditions 1−9: the effect of lever arm length (extended 
between lateral incisor and canine, conditions 1, 4 and 7: 2 mm, conditions 2, 5 and 8: 7 mm, conditions 3, 6 and 9: 12 mm, respectively).

Table I. Materials properties

Material
Young’s modulus 

(MPa)
Poisson’s ratio

Tooth 2.0E + 04 0.3

PDL 6.8E-02 0.45

Alveolar bone 1.3E + 04 0.3

Bracket 2.0E + 05 0.3

Arch wire 2.0E + 05 0.3
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upward directions. Furthermore, the von Mises 
stress distribution in the periodontal ligament was 
recorded for each model. ANSYS 17.0 (Ansys Inc., 
Canonsburg, PA, USA) was used for the finite 
element analysis.

Results

Movement of the anterior teeth in three  
dimensions

In the model with no alveolar absorption, when 
the distalising force was applied to the 2 mm 
retraction hook, the mandibular central and lateral 
incisors showed controlled lingual tipping and 
counterclockwise rotation, as both the crowns 
and roots moved toward the lingual and the 
displacement of the crowns was greater than that 
of the roots. As the length of the hooks increased, a 
clockwise rotation (the labial crown and lingual root 
movement) occurred, the displacement of the incisors 
under the 12 mm hook was greater than that under 
the 7 mm hook. In mild horizontal bone absorption 
models, the incisors showed uncontrolled tipping, 
noted by lingual crown and labial root movement, 
when using 2 mm hooks. With the 7 mm hooks, 
controlled lingual tipping occurred, while with the 
12 mm hooks, a clockwise mandibular rotation 
occurred. In moderate horizontal absorption models, 
the incisors showed lingual tipping regardless of the 
height of the traction hook. Uncontrolled tipping 
occurred associated with a 2 mm hook and more 
controlled tipping was observed with longer hooks. 
In the vertical direction, a lower retraction hook 
was more likely to lead to extrusion of the anterior 
segment than a longer retraction hook, especially in 
models with alveolar bone horizontal absorption. The 
canine showed distal tipping and a counterclockwise 

rotation in all the models. There was very little lateral 
displacement of the anterior teeth in the transverse 
direction (Figures 3, 4).

Movement of the posterior teeth in three  
dimensions
In the sagittal direction, the posterior teeth showed 
distal tipping and a counterclockwise rotation, except 
for model 3. In the periodontal health models, as the 
height of the retraction hooks increased, the distal 
tipping rotation of the teeth decreased. A clockwise 
rotation occurred with use of the 12 mm hook, as 
the distal root movement was greater than that of 
the crown. In the absorption models, the distal 
inclination of the teeth increased along with the 
increase in alveolar bone absorption, but decreased 
as the length of the traction hook increased. 
Uncontrolled tipping (distal crown and mesial root) 
occurred associated with a 2 mm hook. In the vertical 
direction, the molars and premolars showed intrusion 
in all models. The displacement of the teeth increased 
accompanying absorption of the anterior alveolar 
bone but decreased as the hook size increased. The 
posterior tooth crowns displayed slight buccal 
inclination in the mandibular arch (Figures 3, 4).

von Mises stress distribution in the  
periodontal ligament
Under all conditions, the stress was primarily 
concentrated at the cervical margin and apical area 
of the lateral incisor and canine teeth. The stress on 
the lateral incisor exceeded that on the other teeth. 
With the deterioration of the anterior alveolar bone, 
stress in the periodontal membrane increased. As 
the height of the hook increased, the region of stress 

Figure 2. Landmarks for the assessment of displacement.
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Figure 3. Total displacement trend of the lower teeth under different conditions.

Figure 4. Displacement of the lower tooth crown (C) and root (R) in the sagittal direction and crown (C) in the vertical direction under different working 
conditions (mm).
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distribution expanded toward the root apex, and the 
stress also increased (Figure 5).

Discussion
The distalisation of the mandibular dentition can 
achieve better treatment outcomes than extractions or 

more invasive surgery for a mild-to-moderate Class III 
malocclusion.6–10 TSADs are useful in the distalisation 
process compared with traditional orthodontic 
mechanics because they can reduce anchorage loss and 
patient compliance.14–16 The control and predictability 
of tooth movement is affected by factors related to the 
distalising force vectors and the centre of resistance of 

Figure 5. The von Mises stress distribution in the PDL under different conditions (Mpa).
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the teeth.24,30 Therefore, the FEA was used to examine 
the biomechanical effects of TSADs on the lower 
dentition with varying levels of anterior alveolar bone 
resorption during the distalisation of the mandibular 
dentition, based on different force applications.
The distalisation of the mandibular dentition can 
correct an anterior crossbite through tipping or bodily 
retraction of the mandibular incisors.5,31 The varying 
placement locations of the mini-screws and the 
different levels of retraction hooks can generate force 
vectors which subsequently influence the movement 
patterns and the stress distribution of the entire 
dentition.23,25 The mandibular buccal shelf (MBS) 
has been considered as an appropriate insertion site 
for orthodontic mini-screws due to its adequate 
bone quality and thickness.32 The present analysis 
refers to the study by Liu et al.,27 who contended 
that it is safe for mini-screws to be inserted between 
the mandibular first and second molars at or below 
a plane 9 mm from the alveolar ridge. However, 
according to a previous study which assessed the level 
of the mucogingival junction in healthy subjects, 
implanting micro-implants vertically below 7 mm 
from the top of the alveolar ridge is inevitably 
constrained by the mandibular vestibular sulcus, 
thereby causing additional discomfort for patients.33 
Consequently, based on the above considerations and 
clinical practice, a mini-screw was placed in the MBS 
at a site 7 mm from the alveolar ridge. Furthermore, 
Hedayati et al.25 contended that the height of the 
retraction hook can affect movement of the anterior 
teeth during en-masse retraction. Therefore in 
support, various height retraction hooks were used 
and assessed in regulating the tooth movement 
during the mandibular distalisation. Additionally, the 
mandibular incisor area is vulnerable to periodontal 
deterioration.10 A previous study has reported 
the displacement and stress distribution of the 
mandibular incisors in the presence of alveolar bone 
loss under occlusal loads.24 Therefore, in the present 
study, the mandibular anterior area, without or with 
a varying level of alveolar bone loss, was constructed 
to evaluate the impact of alveolar bone height on the 
mandibular dentition under a distalising force.
The centre of resistance (CR) position is closely 
associated with the biomechanics of tooth movement. 
When an orthodontic force passes below the CR of 
the tooth, a clockwise rotation of the lower anterior 
teeth will occur. However, if the force passes above the 

CR, the tipping movement with a centre of rotation 
near the root the apex would be unavoidable.20,30 In 
the present study, it was found that lingual tipping 
and a counterclockwise rotation of the mandibular 
incisors decreased as the length of the retraction 
hooks increased. This result corresponded with prior 
studies, in which force application applied to longer 
hooks led to lingual root movement of the anterior 
teeth.23,25 Furthermore, the CR of the teeth gradually 
shifts toward the root as alveolar bone resorption 
occurs.17,19 The FEA results of Zeng et al.24 showed 
that the mobility of the tooth increased with an 
increase in alveolar bone loss. In the present study, 
lingual tipping and a counterclockwise rotation of 
the mandibular incisors increased as the alveolar 
bone loss increased. Therefore, for patients who 
have a skeletal Class III malocclusion, periodontal 
deterioration, and lingually inclined lower anterior 
teeth, longer retraction hooks are recommended 
during the distalisation of the mandibular dentition. 
The hooks can prevent uncontrolled tipping 
movement and facilitate lingual root movement of 
the anterior teeth. Not only can they assist in molar 
relationship correction but can also correct the axial 
inclination of the anterior teeth, thereby establishing 
a stable anterior overbite and overjet. Conversely, for 
patients with proclined incisors, shorter hooks can 
be used to quickly correct an anterior crossbite by 
lingual tipping of the tooth crowns.
Many studies have demonstrated movement of the 
mandibular posterior teeth during distalisation of 
the mandibular dentition, particularly in the vertical 
direction.34–37 Several authors have noted that forces 
applied upward on the functional occlusal plane 
resulted in extrusive movement.21,22 Sung et al.23 also 
found that force applied to longer hooks resulted 
in extrusion of the posterior dental segment. In 
the present study, without extrusion observed, the 
premolars and molars showed decreased intrusive 
movement as the length of hooks increased. This 
outcome supports the findings of Nakamura et 
al.38 who reported that downward and backward 
forces can cause greater intrusive movement of the 
posterior teeth, thereby exerting a positive impact 
on the treatment of skeletal Class III patients with 
hyperdivergent growth patterns. Furthermore, as the 
alveolar bone absorbed, the distal tipping trend of 
the posterior teeth increased, because of the change 
in the position of the CR. However, as the length of 
the retraction hooks increased, the counterclockwise 
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trend decreased. These results revealed that a 
distalising force, from the mini-screw placed in 
the mandibular buccal shelf to longer traction 
hooks is important for controlling the movement 
of the posterior teeth especially in patients with 
anterior alveolar bone resorption and dolichofacial 
characteristics who need mandibular dentition 
distalisation. However, it should be avoided in the 
treatment of brachyfacial patients.
It is widely acknowledged that the remodelling of 
alveolar bone and the deformation of the periodontal 
ligament (PDL) are the foundation of tooth 
movement. Zeng et al.24 demonstrated that stresses 
in the PDL around the mandibular incisors increased 
as alveolar bone height decreased under occlusal 
loads. In the present study, it was discovered that the 
von Mises stress was primarily concentrated at the 
cervical margin of the PDL, specifically on the labial 
and lingual sides of the anterior teeth and that it 
increased as the alveolar bone absorbed. Furthermore, 
it was also observed that the stress concentration 
areas expanded, and additionally, the stress increased 
as the length of the retraction hooks increased. A 
possible explanation is that longer hooks can generate 
greater lingual root torque and transfer greater force 
to the apical region. The observations revealed that 
patients with anterior alveolar bone resorption are 
more likely to experience stress concentration in 
the PDL during mandibular dentition distalisation, 
particularly when a long retraction hook is used. The 
stress concentration may further harm periodontal 
health, resulting in serious complications, related to 
bone fenestration and secondary gingival recession, 
as reported in previous studies.9,10,18,19 Consequently, 
considering the characteristics of the malocclusion, 
a lower force and a suitable length of traction hook 
should be considered to prevent stress concentration 
within the periodontal ligament. The present research 
has unified the magnitude of the force to ensure 
homogeneity between the various groups. Further 
research is needed to determine the appropriate level 
of force for those patients requiring mandibular 
dentition distalisation.
In the present study, FEA was used to investigate 
tooth movement patterns and stress distribution with 
different levels of anterior alveolar bone resorption 
during the distalisation of the mandibular dentition, 
and under different force applications. There are likely 
differences between the experimental conditions and 
actual clinical situations. Firstly, the resorption of 

alveolar bone in patients with periodontitis is variable. 
However, the present study had a limited number 
of groups for alveolar bone resorption, therefore 
future studies should establish variable alveolar bone 
resorption as well as resorption at different sites, 
providing additional evidence for clinical treatment. 
Secondly, the mini-screw was firmly connected to the 
mandible, and its displacement was not considered. 
Although this might not cause meaningful changes 
in the results, it may not accurately reflect the 
movement of teeth and mini-screws over time in 
actual clinical situations.39 Future studies should 
consider the impact of anchorage stability on tooth 
movement through biomechanical analysis. Lastly, 
the periodontal ligament was considered as a linear 
material property because the focus was more on the 
instantaneous displacement pattern of the dentition.40 
However, it has been reported that a non-linear 
model has advantages in measuring tooth movement 
and stress distribution.41 Future studies should 
consider bi-linear elastic and non-linear models, and 
validate them against clinical studies to determine 
appropriate mechanical properties of the periodontal 
ligament for application in FEA.

Conclusions
Through three-dimensional finite element analysis, 
the mechanics of using TSADs and varying the 
height of traction hooks to distalise the mandibular 
dentition with different levels of anterior alveolar 
bone resorption were clarified. The following 
conclusions were drawn:

1.	 During distalisation, the mandibular incisors with 
alveolar bone loss exhibited significant lingual 
tipping and counterclockwise rotation. Longer 
retraction hooks can prevent the uncontrolled 
tipping movement and achieve lingual root move-
ment of the teeth.

2.	 In anterior alveolar bone loss, a shorter hook com-
bined with a downward and backward force led to 
an intrusive distal tipping movement of the poste-
rior teeth. However, longer hooks can reduce the 
intrusive movement and better control the tipping 
movement of the teeth.

3.	 Stress in the periodontal ligament increases as an-
terior alveolar bone loss worsens. Longer hooks 
can result in expansion of the stress distribution 
area and increased stress on the anterior teeth.



16    Australasian Orthodontic Journal Volume 41 2025

YANG, ZHANG, ZHENG AND HOU

Conflict of interest
The authors declare that there is no conflict of 
interest.

Corresponding author
Fengchun Hou, Qingdao Stomatological Hospital 
Affiliated to Qingdao University, Qingdao, Shandong, 
People’s Republic of China. Address: No.17 Dexian 
Road, Shinan District, Qingdao 266001, Shandong 
Province, China. Email: qdskqyy@126.com

Acknowledgements
The patient provided informed consent for their 
records to be used in this research.

Ethics approval and consent to participate 
This study was approved by the ethics committee 
of Qingdao Stomatological Hospital Affiliated to 
Qingdao University. Written consent was obtained 
from the participant.

Availability of data and materials 
The datasets used and/or analyzed during the current 
study are available from the corresponding author 
upon reasonable request.

Funding
Supported by Qingdao Key Health Discipline 
Development Fund ( 2022-2024) , Qingdao Clinical 
Research Center for Oral Diseases (22-3-7-lczx-7-
nsh), Shandong Provincial Key Medical and Health 
Discipline of Oral Medicine(Qingdao University 
Affiliated Qingdao Stomatological Hospital), Science 
and Technology Project of Shinan District of 
Qingdao (2023-2-007-YY).

Author’s contribution 
J.Y.: contributed to methodology, software, validation, 
formal analysis, original draft manuscript, and 
visualization. Q.Z. and D.Z.: were involved in data 
interpretation, literature research and contributed 
significantly to preparation of the manuscript. 
F.H.: designed and coordinated the study and had 
significant impact in drafting the manuscript. All 

authors have read and agreed to the published version 
of the manuscript. All authors read and approved the 
final manuscript.

References
1.	 Li M, Shen S. The application of a fully digital approach in the 

treatment of skeletal class III malocclusion: a preliminary study. 
BMC Oral Health. 2023;23:237.

2.	 Luciana M. Orthodontic camouflage as a treatment alternative for 
skeletal Class III. Dental Press J Orthod. 2021;26: e21bbo4.

3.	 Martin C, Celis B, Ambrosio N. Effect of orthodontic therapy in 
periodontitis and non-periodontitis patients: a systematic review 
with meta-analysis. J Clin Periodontol. 2022; 24:72–101.

4.	 Erbe C, Heger S. Orthodontic treatment in periodontally 
compromised patients: a systematic review. Clin Oral Investig. 
2023;27:79–89.

5.	 Ngan P, Moon W. Evolution of Class III treatment in orthodontics. 
Am J Orthod Dentofacial Orthop 2015;148: 22–36.

6.	 Meyns J, Brasil DM. The clinical outcome of skeletal anchorage 
in interceptive treatment (in growing patients) for class III 
malocclusion. Int J Oral Maxillofac Surg. 2018; 47:1003–10.

7.	 Eslami S, Faber J, Fateh A. Treatment decision in adult patients 
with class III malocclusion: surgery versus orthodontics. Prog 
Orthod. 2018;19:28.

8.	 Nakamura M, Kawanabe N, Kataoka T, Murakami T, Yamashiro T, 
Kamioka H. Comparative evaluation of treatment outcomes between 
temporary anchorage devices and Class III elastics in Class III 
malocclusions. Am J Orthod Dentofacial Orthop. 2017; 151:1116–24.

9.	 Dixit S, Shyagali TR. Evaluation of the correlation between 
facial index and the cortical bone thickness of the maxilla and 
mandible—a computer tomography based study. Arch Oral Biol. 
2023;146:105606.

10.	 Valerio CS, Cardoso CAEA, Araújo EA, Zenóbio EG, Manzi 
FR. Bone changes in the mandibular incisors after orthodontic 
correction of dental crowding without extraction: a cone-
beam computed tomographic evaluation. Imaging Sci Dent. 
2021;51:155–65

11.	 Maged S, Abeer A. Orthodontic camouflage versus orthodontic-
orthognathic surgical treatment in borderline class III malocclusion: 
a systematic review. Clin Oral Investig. 2022;26:6443–55.

12.	 Bellot-Arcís C, García-Sanz V. Nonsurgical treatment 
of an adult with skeletal Class III malocclusion, anterior 
crossbite, and an impacted canine. Am J Orthod Dentofacial 
Orthop.2021;159:522–35.

13.	 Lee YS, Park JH. Treatment effects of maxillary protraction with 
palatal plates vs conventional tooth-borne anchorage in growing 
patients with Class III malocclusion. Am J Orthod Dentofacial 
Orthop. 2022;162:520–8.

14.	 Joung-Lin J, Park JH. An interdisciplinary approach to orthodontic 
treatment of a mutilated Class III malocclusion with mini-
implants, dental implants, and an autotransplant. J Esthet Restor 
Dent. 2022;34:281–96.

15.	 Bellot-Arcís C, Ferrando-Magrane E. Nonsurgical treatment of an 
adult with skeletal Class III malocclusion, posterior crossbite and 
mandibular asymmetry. J Clin Exp Dent. 2023;15: e978–e983.

16.	 Li XB, Tian Y. Evaluation of the facial profile of skeletal Class 
III patients undergoing camouflage orthodontic treatment: a 
retrospective study. Peer J. 2024; 12: e17733.

17.	 Qi J, Matsumoto Y. Prevention of bone dehiscence associated with 
orthodontic tooth movement by prophylactic injection of bone 
anabolic agents in mice. Sci Rep. 2024;14:15749.



Australasian Orthodontic Journal Volume 41 2025    17

ANALYSED THE TOOTH MOVEMENT PATTERNS AND STRESS DISTRIBUTION IN PATIENTS PRESENTING WITH ANTERIOR ALVEOLAR BONE LOSS

18.	 Alsulaimani L, Alqarni H. The orthodontics-periodontics 
challenges in integrated treatment: a comprehensive review. 
Cureus. 2023;15: e38994.

19.	 Sendyk M, Cevidanes LHS. Three-dimensional evaluation of 
dental decompensation and mandibular symphysis remodeling on 
orthodontic-surgical treatment of Class III malocclusion. Am J 
Orthod Dentofacial Orthop. 2021;159:175–83.e3.

20.	 Chae JM, Park JH, Kojima Y, et al. Biomechanical analysis for total 
distalization of the mandibular dentition: a finite element study. 
Am J Orthod Dentofacial Orthop. 2019;155:388–97.

21.	 Park M, Na Y, Park M, et al. Biomechanical analysis of distalization 
of mandibular molars by placing a mini-plate: a finite element 
study. Korean J Orthod. 2017;47:289–97.

22.	 Kim YB, Bayome M, Park JH, Lim HJ, Mo SS, Lee NK, et al. 
Displacement of mandibular dentition during total arch distalization 
according to locations and types of TSADs: 3D Finite element 
analysis. Orthod Craniofac Res. 2019;22:46–52.

23.	 Sung EH, Kim SJ, Chun YS, Park YC, Yu HS, Lee KJ. Distalization 
pattern of whole maxillary dentition according to force application 
points. Korean J Orthod. 2015;45:20–8.

24.	 Zeng Y, Xiao L, Yuan X. Displacement and stress distribution of 
mandibular incisors after orthodontic treatment in the presence of 
alveolar bone loss under occlusal loads: a finite element analysis. 
Am J Orthod Dentofacial Orthop. 2022;161: e456–65.

25.	 Hedayati Z, Shomali M. Maxillary anterior en masse retraction 
using different antero-posterior position of miniscrew: a 3D finite 
element study. Prog Orthod 2016;17:31

26.	 Coolidge E. The thickness of the human periodontal membrane. J 
Am Dent Assoc 1937; 24:1260–7.

27.	 Liu H, Wu X, Tan J, Li X. Safe regions of miniscrew implantation 
for distalization of mandibular dentition with CBCT. Prog 
Orthod. 2019; 20: 45–8.

28.	 Lim WH, Lee SK, Wikesjö UM, Chun YS. A descriptive tissue 
evaluation at maxillary interradicular sites: implications for 
orthodontic mini-implant placement. Clin Anat. 2007; 20: 760–5.

29.	 Ammar HH, Ngan P, Crout RJ, Mucino VH, Mukdadi OM. 
Three dimensional modeling and finite element analysis in 
treatment planning for orthodontic tooth movement. Am J Orthod 
Dentofacial Orthop. 2011; 139: 59–71.

30.	 Gupta M, Madhok K. Determination of stress distribution 
on periodontal ligament and alveolar bone by various tooth 
movements—A 3D FEM study. J Oral Biol Craniofac Res. 
2020;10:758–63.

31.	 Yeon BM, Lee NK. Comparison of treatment effects after total 
mandibular arch distalization with miniscrews vs ramal plates in 
patients with Class III malocclusion. Am J Orthod Dentofacial 
Orthop. 2022;161:529–36.

32.	 Nucera R, Lo Giudice A, Bellocchio AM. Bone and cortical bone 
thickness of mandibular buccal shelf for mini-screw insertion in 
adults. Angle Orthod. 2017;87:745–51.

33.	 JS K. Study of attached gingival width between healthy gingival 
and early gingivitis patients, in thesis. Seoul, Korea. Yonsei 
University; 1997.

34.	 Aslan BI, Küçükkaraca E. Nonextraction treatment of a class 
III malocclusion case using mini-screw-assisted lower molar 
distalization. Turk J Orthod. 2019;32:119–24

35.	 Kim SH, Cha KS. Mandibular skeletal posterior anatomic limit 
for molar distalization in patients with Class III malocclusion 
with different vertical facial patterns. Korean J Orthod. 
2021;51:250–9.

36.	 Park CO, Sa’aed NL, Bayome M, Park JH, Kook YA, Park YS. 
Comparison of treatment effects between the modified C-palatal 
plate and cervical pull headgear for total arch distalization in 
adults. Korean J Orthod. 2017; 47:375–83.

37.	 Rice AJ, Carrillo R. Do orthopedic corrections of growing 
retrognathic hyperdivergent patients produce stable results? Angle 
Orthod. 2019;89:552–8.

38.	 Nakamura A, et al. Photoelastic stress analysis of mandibular 
molars moved distally with the skeletal anchorage system. Am J 
Orthod Dentofac Orthop. 2007;132: 624–9.

39.	 Chen G, Chen S, Zhang XY, et al. A new method to evaluate the 
positional stability of a self-drilling miniscrew. Orthod Craniofac 
Res. 2015;18: 125–33.

40.	 Cattaneo PM, Dalstra M, Melsen B. The finite element method: 
a tool to study orthodontic tooth movement. J Dent Res. 2005; 
84:428–33.

41.	 Tuna M, Sunbuloglu E, Bozdag E. Finite element simulation of the 
behavior of the periodontal ligament: a validated nonlinear contact 
model. J Biomech. 2014;47:2883–90.


