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Simple Summary: Malocclusion is a misalignment or inappropriate relationship between the upper 

and lower dental arches when the jaws close. Orthodontics, such as tooth extraction, clear aligners, 

or dental braces, are frequently used to address malocclusion, followed by growth modification in 

children or orthognathic surgery in adults. The treatment goals are to improve facial and dental 

esthetics, functional occlusion, periodontal health, and stability. It is also feasible to achieve an es-

thetic improvement of the soft tissue. This study shows how soft tissues change after extraction of 

premolars in patients with Angle Class I bimaxillary alveolar protrusion through three-dimensional 

analysis. The results show that changes in soft tissue point A and skeletal point A are three-dimen-

sionally related. 

Abstract: Aim. To investigate the effect of changes in incisor tip, apex movement, and inclination on 

skeletal points A and B and characterize changes in skeletal points A and B to the soft tissue points 

A and B after incisor retraction in Angle Class I bimaxillary dentoalveolar protrusion. Methods. 

Twenty-two patients with Angle Class I bimaxillary dentoalveolar protrusion treated with four first 

premolar extractions were included in this study. The displacement of skeletal and soft tissue points 

A and B was measured using cone-beam computed tomography (CBCT) using a three-dimensional 

coordinate system. The movement of the upper and lower incisors was also measured using CBCT-

synthesized lateral cephalograms. Results. Changes in the incisal tip, apex, and inclination after re-

traction did not significantly affect the position of points A and B in any direction (x, y, z). Linear 

regression analysis showed a statistically significant relationship between skeletal point A and soft 

tissue point A on the anteroposterior axis (z). Skeletal point A moved forward by 0.07 mm, and soft 

tissue point A moved forward by 0.38 mm, establishing a ratio of 0.18: 1 (r = 0.554, p < 0.01). Conclu-

sion. The positional complexion of the skeletal points A and B was not directly influenced by 

changes in the incisor tip, apex, and inclination. Although the results suggest that soft tissue point 

A follows the anteroposterior position of skeletal point A, its clinical significance is suspected. Thus, 

hard and soft tissue analysis should be considered in treatment planning. 
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1. Introduction 

The progression of digital imaging methods and tools has led to advancements in 

diagnosis and treatment planning and has played a prominent role in the field of dentistry 

[1]. In particular, the importance of three-dimensional (3D) imaging techniques has been 

increasingly recognized in some patients requiring the achievement of a harmonious soft 

tissue profile [2].  

In Angle Class I bimaxillary dentoalveolar protrusion, retraction of the maxillary and 

mandibular incisors is required to position the incisors in a stable place within the oral 

cavity to relieve facial protrusion. In addition, the treatment that retracts incisors after 

extracting four maxillary and mandibular premolars is preferred to achieve an esthetically 

desirable soft tissue profile and lip incompetency [3]. Thus, it is crucial to study changes 

in the relationship between soft tissues and dentoalveolar structures that outline the treat-

ment outcome of orthodontic tooth movement [4]. 

Points A and B have been commonly used to define the anteroposterior relationship 

of the maxilla and mandible, facilitated by nearly all popular analyses [5]. However, the 

two anatomical landmarks are affected by dentoalveolar bone remodeling with orthodon-

tic treatment and growth [6,7]. Several studies have shown that incisal inclinations influ-

ence the position of points A and B. Al-Abdwani et al. showed that each 10-degree retro-

clination of incisors resulted in a statistically significant change of 0.4 and 0.3 mm in the 

horizontal plane at points A and B, respectively [8]. Hassan et al. found that each 10-de-

gree retroclination of incisors resulted in a 0.6-mm displacement at point A superiorly [9]. 

However, there has been no evidence that changes in incisal inclination result in statisti-

cally significant positional displacement at point B. 

Many previous studies have used two-dimensional (2D) analysis to quantify the fa-

cial soft tissues and focused on changes only in the midsagittal plane using lateral cepha-

lograms [8–11]. Two-dimensional measurements have limited congruity and relevance 

when evaluating the 3D dentofacial complex [12,13]. The relationship between dentoalve-

olar movement and changes in soft tissue is complicated and varies in all three planes of 

space [14–18]. In addition to cone-beam computed tomography (CBCT) technology, mul-

tiple pieces of 3D software have enabled clinicians to plan and assess the treatment with 

a more comprehensive view of the dentofacial structures [19]. In the present study, we 

reconstructed the whole surface of skeletal and soft tissue from pre-treatment and post-

treatment CBCT images. The measurements were conducted using advanced approaches 

with sophisticated software. Software tools automatically aligned 3D datasets and used 

color maps to compare changes in 3D landmarks after orthodontic treatment. To the best 

of our knowledge, no study has evaluated the positional changes in points A and B after 

incisor retraction in a 3D approach. 

This study aimed to analyze the effect of changes in incisor tip, apex movement, and 

inclination on points A and B, and characterize changes in the skeletal points A and B to 

the soft tissue points A and B after incisor retraction in Angle Class I bimaxillary den-

toalveolar protrusion patients. 

2. Materials and Methods 

This study was approved by the institutional review board of the Hallym University 

Sacred Heart Hospital (IRB approval No. 2021-09-006-003).  

Complete enumeration was performed to select samples that fitted the study objec-

tives and met inclusion criteria. This study included 22 adults (17 women and five men) 

diagnosed with Angle Class I bimaxillary dentoalveolar protrusion who underwent or-

thodontic treatment with extraction of the maxillary and mandibular first premolars be-

tween 2012 and 2020 at the Department of Orthodontics, Hallym University Sacred Heart 

Hospital. The number of participants was calculated by using G*Power software (version 

3.1.9.7; Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) using a signifi-

cance level of α = 0.05, 80% power, and an effect size of 0.50. 
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The inclusion criteria were the following: (1) minimum age of 18 years, (2) well-

aligned arches without or with minor crowding, (3) availability of pre- and post-treatment 

CBCT data, (4) lack of history of systemic disease, and (5) no orthodontic treatment in the 

past.  

This study was performed using pre-adjusted McLaughlin, Bennett, and Trevisi 

(MBT) appliances with 0.22-inch slots after the premolars’ extraction. All patients were 

treated with conventional anchorages, such as transpalatal arch (TPA) and elastic chains 

for space closure. Before and after treatment, CBCT (Alphard-Vega 3030, Asahi Roentgen 

Ind. Co., Ltd. Kyoto, Japan) images were obtained in centric occlusion under the condi-

tions of 80 kV, 5 mA, 17-s exposure time.  

For the pre-treatment (T0) and post-treatment (T1) CBCT images, a coordinate sys-

tem with the Frankfort horizontal plane parallel to the xy-plane, the line connecting the 

orbitale parallel to the x-axis, and the pogonion being set as the zero point was followed. 

CBCT cephalograms were synthesized from the reoriented CBCT data, and linear meas-

urements were performed using the OnDemand3D software (Cybermed, Seoul, Korea) 

(Figure 1). To determine the total distance of the incisor movement, a vertical reference 

line (vert T) constructed through a stable craniofacial structure was used to measure the 

distance between the incisal tip and root apex between T0 and T1 (Figure 2). 

 

Figure 1. (A), CBCT 3D image view. The image was oriented along the Frankfort horizontal plane 

in reference to the right porion, right orbitale, and left orbitale. (B), CBCT-synthesized lateral ceph-

alogram was constructed in accordance with orientation. 
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Figure 2. Cephalometric reference planes and measurements. Yellow, vertical reference line (vert 

T); Blue, (a) S-N (b) U1-SN (c) mandibular plane (d) IMPA; Red, (1) U1 apex (2) L1 tip (3) U1 tip (4) 

L1 apex. Incisal movements were quantified by measuring the horizontal distance from incisor tip 

and apex to vert T, which is Nasion perpendicular line. 

The Digital Imaging and Communications in Medicine (DICOM) files were con-

verted into the. stl format, the standard file type representing the 3D surface geometry 

(Figure 3). Skeletal and soft tissue surfaces were constructed using the Invesalius open-

access software (Renato Archer Information Technology Center, Campinas, Brazil). A spe-

cific density within the images that were derived from different shades of gray was cus-

tomized by moving the threshold bars using an advanced 3D processing software (Ge-

omagic Control X, 3D Systems, Rock Hill, SC, USA). An auto-alignment of the STereo-

Lithography (STL) files obtained at T0 and T1 was performed, and the correspondence 

between the reference (T0) and measured (T1) data was checked (Figure 4).  

 

Figure 3. Converting Dicom file to STL file with InVesalius software. The specific threshold value 

was applied to segment between the skull structures and soft tissues. 
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Figure 4. Alignment of the pre-treatment and post-treatment surface data. (A), Before superimposi-

tion. (B), The superimposition process involved the following two steps; (i) initial alignment was 

performed before running other alignment types. The software automatically calculated an initial 

fit between the two objects to get the Reference (pre) and Measured (post) data close and register 

features. (ii) Best fit alignment was then applied to calculate the best fit between the two objects 

automatically. (C), 3D comparison function after alignment. 

Four reference points (points A, B, A, and B) were examined to compare changes at 

T0 and T1 (Figures 5 and 6). Using the 3D compare function, a color deviation map be-

tween the reference and measured objects was created, and the selected deviation values 

were identified (Figure 4C). Each coordinate value was marked in accordance with the 

trigonal system (x, y, z) and recorded in the program. The x-axis, y-axis, and z-axis indi-

cate the right and left, up and down, as well as anterior and posterior relationships, re-

spectively. 

 

Figure 5. Comparison of reference points (pre) and measure points (post) located on the bone sur-

face after the superposition. The 3D discrepancies were analyzed on the basis of a color-coded map. 
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The color scale ranges from −5 mm (blue), indicating subtractive changes to +5 mm (red), indicating 

additive changes. Green indicates no difference. 

 

Figure 6. Comparison of reference points (pre) and measure points (post) located on the soft-tissue 

surface after the superposition. The 3D discrepancies were analyzed based on a color-coded map. 

The color scale ranges from −5 mm (blue) indicating subtractive changes to +5 mm (red) indicating 

additive changes. Green indicates no difference. 

To assess intra-observer reliability, all measurements were re-performed two weeks 

after the first measurements by the same examiner (LYN). 

Statistical analyses were performed using the SPSS software (version 18; IBM, Ar-

monk, NY, USA). The intraclass correlation coefficient (ICC) was calculated to indicate 

the reproducibility of the intra-examiner repetitive identification. The Shapiro–Wilk test 

was used in an attempt to evaluate whether the results followed a lognormal distribution. 

The coordinate values of T0 and T1 were evaluated using the paired t-test and Wilcoxon 

signed-rank test for paired samples with and without assumptions regarding distribution, 

respectively. Linear regression analysis was performed to assess the relationship of posi-

tional changes in points A and B with the incisal inclination, movement of the incisal tip 

and apex, and soft tissue points A and B. The significance level for all statistical analyses 

was <0.05. 

3. Results 

Out of 22 patients, 17 were women, and five were men. The mean age of the patients 

was 25.62 ± 7.77 years at the start of treatment. The ICC showed a mean of 0.93 (ICC, 0.86–

0.98), indicating excellent reproducibility in the intra-examiner repeatability. 

The results of changes in points A and B as measured using the 3D program between 

T0 to T1 are listed in Table 1.  

At point A, the changes along the x-, y-, and z-axes between T0 and T1 were –0.49 ± 

0.12 mm, 0.383 ± 0.51 mm, and 0.07 ± 0.25 mm, respectively. The changes were statistically 

significant along the y- and z-axes. At point B, the changes along the x-, y-, and z-axes 

were 0.01 ± 0.18 mm, 1.02 ± 0.80 mm, and −0.29 ± 0.25 mm, respectively. The changes were 

statistically significant along the z-axis.  

Changes along the x-, y-, and z-axes between T0 and T1 were −0.11 ± 0.16 mm, 1.55 ± 

1.02 mm, and 0.38 ± 0.28 mm in soft tissue point A and −0.01 ± 0.13 mm, 1.84 ± 1.47 mm, 

and −0.20 ± 0.54 mm in soft tissue point B, respectively. Changes in soft tissue point A 
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were statistically significant for all axes. However, there was no significant difference be-

tween T0 and T1 in soft tissue point B. 

Table 1. Mean changes of skeletal and soft tissue points A and B in three directions (T1–T0). 

 Difference (SD) Interquartile Range p-Value 

Skeletal point A    

Dx (mm) −0.49 (0.12) 0.12 NS 

Dy (mm) 0.38 (0.51) 0.69 † 

Dz (mm) 0.07 (0.25) 0.1 * 

Skeletal point B    

Dx (mm) 0.01(0.18) 0.09 NS 

Dy (mm) 1.01 (0.80) 1.09 NS 

Dz (mm) −0.29 (0.25) 0.46 ‡ 

Soft tissue point A    

Dx (mm) −0.11 (0.16) 0.2 † 

Dy (mm) 1.55 (1.02) 1.58 ‡ 

Dz (mm) 0.38 (0.28) 0.41 ‡ 

Soft tissue point B    

Dx (mm) −0.01 (0.13) 0.16 NS 

Dy (mm) 1.84 (1.47) 2.13 NS 

Dz (mm) −0.20 (0.54) 0.43 NS 

* p < 0.05, † p < 0.01, ‡ p < 0.001. D, direction; Difference, mean changes (post-pre); NS, not significant; 

x, left and right relationship. Positive and negative values represent left and right movements, re-

spectively; and y, up and down. Positive and negative values represent up and down movements, 

respectively; z, anterior, and posterior. Positive and negative values represent the anterior and pos-

terior movements, respectively.  

The tip of the upper and lower incisors moved backward by 6.2 mm and 5.6 mm, 

respectively. Apices of the upper and lower incisors showed 0.2-mm and 0.6-mm retrac-

tion, respectively, following treatment. The incisor mandibula plane angle (IMPA) and 

upper incisor to sella nasion (SN-U1) angle decreased by 11.2° and 11.5°, respectively (Ta-

ble 2).  

Table 2. Mean cephalometric changes after treatment (T1–T0). 

 Difference (SD) Interquartile Range Minimum Maximum 

SN-U1(°) −11.51 (7.70) 11.84 −28.75 −1 

IMPA (°) −11.20 (5.98) 5.96 −25.75 0.8 

U1 tip(mm)  −6.15 (2.18) 3.34 −10.2 −2.9 

U1 apex (mm) −0.19 (2.06) 2.75 −3.7 3.25 

L1 tip (mm) −5.59 (2.19) 2.96 −11.45 −2.45 

L1 apex (mm) −0.61 (2.22) 2.74 −4.65 2.95 

mm, millimeters; °, degree; SN, sella-nasion; U1 tip; incisal tip of maxillary incisor, U1 apex; root 

apex of maxillary incisor. 

However, the changes in the incisal tip, apex, and inclination after retraction did not 

show significant effects on the A and B positions in any direction (Table 3). 
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Table 3. The coefficient of correlation and p-values between incisal movements and skeletal points 

A and B changes. 

  SN-U1 U1 tip U1 apex 

Skeletal point A 

Dx R2 0.001 0.034 0 

 P NS NS NS 

Dy R2 0.023 0.025 0.076 

 P NS NS NS 

Dz R2 0 0.003 0.152 

 P NS NS NS 

  IMPA L1 tip L1 apex 

Skeletal Point B 

Dx R2 0.061 0.065 0.013 

 P NS NS NS 

Dy R2 0.003 0.045 0.039 

 P NS NS NS 

Dz R2 0.041 0.001 0 

 P NS NS NS 

D, deletion; R, coefficient of correlation; NS, not significant; SN, sella-nasion; U1 tip, incisal tip of 

maxillary incisor; U1 apex, root apex of maxillary incisor; IMPA, L1-mandibular plane; L1 tip, incisal 

tip of mandibular incisor; L1 apex, root apex of mandibular incisor. 

The results provide evidence that the displacement of point A along the z-axis results 

in statistically significant changes in soft tissue point A along the z-axis. The coefficient of 

determination (R2) was 0.307. On the other hand, there was no evidence that changes in 

point B resulted in significant positional changes in soft tissue point B in any direction 

(Table 4). 

Table 4. The coefficient of correlation and p-values between skeletal and soft tissue points A and B 

changes. 

  Skeletal point A 

  Dx Dy Dz 

Soft tissue point A 

Dx R2 0.135 0.010 0.052 

 P NS NS NS 

Dy R2 0.295 0.067 0.019 

 P NS NS NS 

Dz R2 0.001 0.041 0.307 

 P NS NS † 

  Skeletal point B 

  Dx Dy Dz 

Soft tissue point B 

Dx R2 0.005 0 0.009 

 P NS NS NS 

Dy R2 0.051 0.002 0.002 

 P NS NS NS 

Dz R2 0.028 0.002 0.023 

 P NS NS NS 

p < 0.05, † p < 0.01, p < 0.001. D, direction; R, coefficient of correlation; NS, not significant. 
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4. Discussion 

Three-dimensional imaging technology has opened up new possibilities for ortho-

dontic diagnosis and treatment evaluation. In both in vitro and in vivo studies conducted 

using dry skulls by Kumar et al. [20], cephalometric measurements from synthesized 

CBCT are not different from those of conventional cephalometric analyses. Park et al. 

identified significant differences in one linear (distance between U1 and facial plane) and 

three angular (gonial angle; ANB difference; and facial convexity) measurements; how-

ever, there were no significant differences between the conventional lateral and CBCT-

synthesized cephalometric radiographs [21]. However, errors due to incorrect patient po-

sitioning during image acquisition can be corrected through iterative adjustments in the 

CBCT data set [22]. 

Previous studies have evaluated the changes only in the midsagittal area because 

they used conventional lateral cephalograms for their measurements [2,8–11]. In addition, 

considering the tracing error, it may not be suitable for detecting subtle changes with the 

conventional lateral cephalometric analysis. Therefore, the advantages of our method via 

advanced 3D software are quick configuration, surface-based registration with high accu-

racy, and measurements in all three planes of space [23]. The average of the positional 

changes of point A in the z-axis was positive, indicating that point A moved forward. This 

result may be due to the type of tooth movement and bone modeling during retraction. 

Some authors state that point A is a landmark, influenced by growth and dentoalveolar 

remodeling during orthodontic treatment [5–7,24]. Given that all patients had a minimum 

age of 18 years, it was presumed that the influence of growth on points A and B changes 

would be clinically negligible and have minor effects on the treatment results. Frost be-

lieved that mechanical compression related to bone formation and tension is related to 

resorption [25]. He suggested that apposition could be perceived as a response to the 

bending of the alveolar wall. Sarikaya et al. agreed that bone apposition or plastic defor-

mation of the cortical plate occurs in the compression area [26].  

In this study, the maxillary incisors moved 0.19 ± 2.06 mm to the rear at the apical 

height, while the incisors tip was retracted by 6.51 ± 2.18 mm on average, thereby showing 

a tendency of a tipping movement rather than a translation of the teeth. These results are 

consistent with those of Vardimon et al., who observed that the retraction of incisors with 

torque resulted in a combined movement with some tipping rather than bodily movement 

[27]. Goldin et al. reported that the upper incisor became more upright with the labial root 

torque producing a greater rate of advancement of point A [28]. Although the mean of the 

incisal changes indicated controlled tipping of the upper incisors, the number of cases 

with uncontrolled tipping during retraction was 9 out of 22 in this study. These cases 

mainly showed that the upper incisors tend to move forward at point A. Given that re-

sponses to stimuli are distributed regionally, it could be assumed that the forces concen-

trated in the apex of the alveolus during uncontrolled tipping stimulated bone apposition, 

and the adjacent skeletal point A was also affected [29]. 

The total change in the position of point B after orthodontic treatment was in the 

backward direction. However, considering the correlation of point B with the overlying 

soft tissue, no significant relationship was found between the hard and soft tissue changes 

in the sagittal direction. These results are slightly different from the findings of Hosse-

inzadeh-Nik et al. [30], where retraction of the anterior teeth led to retraction of point B, 

and changes in soft tissue point B were followed by changes in the corresponding point 

of the underlying hard tissue. There are two possible explanations for these results. It 

would not have been able to eliminate the errors due to mandibular rotation caused by 

changes in occlusion after treatment because superimposition was accomplished based on 

the constant points other than the mandibular symphysis [31]. In addition, there would 

be more chances to find a significant correlation between changes in the position of point 

B and soft tissue point B with a larger sample size. 

In contrast, there was a statistically significant relationship between the retraction of 

skeletal point A and soft tissue point A following incisor retraction. Skeletal point A 
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moved forward by 0.07 mm (p < 0.05), and soft tissue point A moved forward by 0.38 mm 

(p < 0.001), establishing a ratio of 0.18: 1 (r = 0.554, p < 0.01). Sharma found the ratio of 

point A to soft tissue point A to be 1.5: 1 (r = 0.648, p < 0.01) in Class I bimaxillary den-

toalveolar protrusion cases [11], which differed from those other studies. Many authors 

stated that the amount of change in the skeletal profile varies from subject to subject, and 

changes in the hard tissues are not always reflected by equivalent changes in the overlying 

soft tissues [32,33]. Our results might be considered clinically irrelevant because changes 

in the skeletal and soft tissue point A did not have sufficient magnitude to generalize the 

ratio, and the R2 was 0.307. This means that skeletal point A does not account for 70% of 

the variation in soft tissue point A along the z-axis. It would be an indicator of a lower fit 

for the observations. 

For treatments in which improving the soft tissue profile is more important, such as 

treatment for bimaxillary dentoalveolar protrusion, analyzing the skeletal relationship 

based on the correlation between the amount of change in soft and hard tissue before and 

after treatment is relevant. It is believed that changes in the soft tissues result from changes 

in the hard and soft tissue tension, thickness, length, or other factors, such as fat and mus-

cle components. Therefore, to predict changes in the soft tissue, changes in the hard tissue 

and other factors must be considered together. Because changes in soft tissue occur con-

tinuously in adults, and soft tissue shows slower adaptation than hard tissue, it is thought 

that continuous research on changes in soft tissue during the retention period is necessary 

[34]. 

Another clinical relevance of this study is that the root apex, incisal tip, and inclina-

tion do not determine the position of skeletal points A and B. The bodily retraction would 

bring about the proximity of the root apex to the palatal cortex plate and abundant alveo-

lar bone resorption [35]. Therefore, bodily retraction of considerable distance is not ideal 

for the treatment of bimaxillary dentoalveolar protrusion, and careful tooth movement is 

necessary, considering the location of the tooth within the alveolar bone [30,36]. In other 

words, clinicians should place the anterior teeth in the most esthetic position through in-

itial uprighting and some translation rather than focusing on the retraction of skeletal 

points A and B. 

5. Conclusions 

In the z-axis direction, changes in skeletal point A led to changes in the overlying 

corresponding soft tissue point A. However, the magnitude of change was not large 

enough to be clinically relevant. Changes in the incisal tip, root apex, and inclination were 

not significantly correlated with changes in the position of skeletal points A and B in any 

direction. Thus, changes in points A and B seem complex and have multifactorial conse-

quences that cannot be attributed to any single factor. 

Based on the dental and skeletal analysis, it is inappropriate to estimate the treatment 

plans and outcomes in bimaxillary dentoalveolar protrusion. Thus, soft tissue analysis, 

closely related to facial esthetics, should be performed with dental and skeletal analysis. 

Author Contributions: Conceptualization, B.-E.Y. and I.-Y.P.; methodology, Y.N.L. and I.-Y.P.; soft-

ware, Y.N.L.; validation, S.-W.O., S.-H.B. and S.-M.Y.; formal analysis, Y.N.L. and S.-M.Y.; investi-

gation, S.-H.B., B.-E.Y. and I.-Y.P.; resources, Y.N.L.; data curation, Y.N.L.; writing—original draft 

preparation, Y.N.L., B.-E.Y. and I.-Y.P.; writing—review and editing, B.-E.Y. and I.-Y.P.; visualiza-

tion, B.-E.Y.; supervision, I.-Y.P.; project administration, I.-Y.P. All authors have read and agreed to 

the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 

Declaration of Helsinki and approved by the Institutional Review Board of Hallym University Sa-

cred Heart Hospital (IRB approval No. 2021-09-006-003). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. Written informed consent has been obtained from the patients to publish this paper. 



Biology 2022, 11, 381 11 of 12 
 

 

Data Availability Statement: The data that support the findings of this study are available from the 

corresponding author upon reasonable request. 

Acknowledgments: This work was supported by the Medical Device Technology Development 

Program (20006006, Development of Artificial Intelligence-based Augmented Reality Surgery Sys-

tem for Oral and Maxillofacial Surgery) funded by the Ministry of Trade, Industry, and Energy, 

Republic of Korea. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Silvestrini Biavati, A.; Tecco, S.; Migliorati, M.; Festa, F.; Marzo, G.; Gherlone, E.; Tetè, S. Three‐dimensional tomographic map-

ping related to primary stability and structural miniscrew characteristics. Orthod. Craniofacial Res. 2011, 14, 88–99. 

2. Solem, R.C.; Marasco, R.; Guiterrez-Pulido, L.; Nielsen, I.; Kim, S.-H.; Nelson, G. Three-dimensional soft-tissue and hard-tissue 

changes in the treatment of bimaxillary protrusion. Am. J. Orthod. Dentofac. Orthop. 2013, 144, 218–228. 

3. Farrow, A.L.; Zarrinnia, K.; Azizi, K. Bimaxillary protrusion in black Americans—an esthetic evaluation and the treatment con-

siderations. Am. J. Orthod. Dentofac. Orthop. 1993, 104, 240–250. 

4. Diels, R.M.; Kalra, V.; DeLoach, N., Jr.; Powers, M.; Nelson, S.S. Changes in soft tissue profile of African-Americans following 

extraction treatment. Angle Orthod. 1995, 65, 285–292. 

5. Mills, J. The effect of orthodontic treatment on the skeletal pattern. Br. J. Orthod. 1978, 5, 133–143. 

6. Cangialosi, T.J.; Meistrell, M.E., Jr. A cephalometric evaluation of hard-and soft-tissue changes during the third stage of Begg 

treatment. Am. J. Orthod. 1982, 81, 124–129. 

7. ERVERDI, N. A cephalometric study of changes in point A under the influence of upper incisor inclinations. J. Nihon Univ. Sch. 

Dent. 1991, 33, 160–165. 

8. Al-Abdwani, R.; Moles, D.R.; Noar, J.H. Change of incisor inclination effects on points A and B. Angle Orthod. 2009, 79, 462–467. 

9. Hassan, S.; Shaikh, A.; Fida, M. Effect of incisor inclination changes on cephalometric points A and B. J. Ayub Med. Coll. Abbot-

tabad 2015, 27, 268–273. 

10. Hayashida, H.; Ioi, H.; Nakata, S.; Takahashi, I.; Counts, A.L. Effects of retraction of anterior teeth and initial soft tissue variables 

on lip changes in Japanese adults. Eur. J. Orthod. 2011, 33, 419–426. 

11. Sharma, J.N. Skeletal and soft tissue point A and B changes following orthodontic treatment of Nepalese Class I bimaxillary 

protrusive patients. Angle Orthod. 2010, 80, 91–96. 

12. Muradin, M.; Rosenberg, A.; van der Bilt, A.; Stoelinga, P.; Koole, R. The reliability of frontal facial photographs to assess 

changes in nasolabial soft tissues. Int. J. Oral Maxillofac. Surg. 2007, 36, 728–734. 

13. Schendel, S.A.; Jacobson, R.; Khalessi, S. 3-dimensional facial simulation in orthognathic surgery: Is it accurate? J. Oral Maxillofac. 

Surg. 2013, 71, 1406–1414. 

14. Kim, Y.-I.; Kim, J.-R.; Park, S.-B. Three-dimensional analysis of midfacial soft tissue changes according to maxillary superior 

movement after horizontal osteotomy of the maxilla. J. Craniofacial Surg. 2010, 21, 1587–1590. 

15. Park, S.-B.; Kim, Y.-I.; Hwang, D.-S.; Lee, J.-Y. Midfacial soft-tissue changes after mandibular setback surgery with or without 

paranasal augmentation: Cone-beam computed tomography (CBCT) volume superimposition. J. Cranio-Maxillofac. Surg. 2013, 

41, 119–123. 

16. Rains, M.D.; Nanda, R. Soft-tissue changes associated with maxillary incisor retraction. Am. J. Orthod. 1982, 81, 481–488. 

17. Hong, C.; Choi, K.; Kachroo, Y.; Kwon, T.; Nguyen, A.; McComb, R.; Moon, W. Evaluation of the 3d MD face system as a tool 

for soft tissue analysis. Orthod. Craniofacial Res. 2017, 20, 119–124. 

18. Elnagar, M.H.; Elshourbagy, E.; Ghobashy, S.; Khedr, M.; Kusnoto, B.; Evans, C.A. Three-dimensional assessment of soft tissue 

changes associated with bone-anchored maxillary protraction protocols. Am. J. Orthod. Dentofac. Orthop. 2017, 152, 336–347. 

19. Hajeer, M.Y.; Millett, D.; Ayoub, A.; Siebert, J. Applications of 3D imaging in orthodontics: Part I. J. Orthod. 2004, 31, 62–70. 

20. Kumar, V.; Ludlow, J.; Mol, A.; Cevidanes, L. Comparison of conventional and cone beam CT synthesized cephalograms. Den-

tomaxillofacial Radiol. 2007, 36, 263–269. 

21. Park, C.-S.; Park, J.-K.; Kim, H.; Han, S.-S.; Jeong, H.-G.; Park, H. Comparison of conventional lateral cephalograms with corre-

sponding CBCT radiographs. Imaging Sci. Dent. 2012, 42, 201–205. 

22. Cevidanes, L.H.; Styner, M.A.; Proffit, W.R. Image analysis and superimposition of 3-dimensional cone-beam computed tomog-

raphy models. Am. J. Orthod. Dentofac. Orthop. 2006, 129, 611–618. 

23. Maal, T.J.; van Loon, B.; Plooij, J.M.; Rangel, F.; Ettema, A.M.; Borstlap, W.A.; Bergé, S.J. Registration of 3-dimensional facial 

photographs for clinical use. J. Oral Maxillofac. Surg. 2010, 68, 2391–2401. 



Biology 2022, 11, 381 12 of 12 
 

 

24. Knight, H. The effects of three methods of orthodontic appliancetherapy on some commonly used cephalometric angular vari-

ables. Am. J. Orthod. Dentofac. Orthop. 1988, 93, 237–244. 

25. Frost, H. Some ABC's of skeletal pathophysiology. 7. Tissue mechanisms controlling bone mass. Calcif. Tissue Int. 1991, 49, 303–

304. 

26. Sarikaya, S.; Haydar, B.; Ciǧer, S.; Ariyürek, M. Changes in alveolar bone thickness due to retraction of anterior teeth. Am. J. 

Orthod. Dentofac. Orthop. 2002, 122, 15–26. 

27. Vardimon, A.D.; Oren, E.; Ben-Bassat, Y. Cortical bone remodeling/tooth movement ratio during maxillary incisor retraction 

with tip versus torque movements. J Am. J. Orthod. Dentofac. Orthop. 1998, 114, 520–529. 

28. Goldin, B. Labial root torque: Effect on the maxilla and incisor root apex. Am. J. Orthod. Dentofac. Orthop. 1989, 95, 208–219. 

29. Melsen, B. Biological reaction of alveolar bone to orthodontic tooth movement. Angle Orthod. 1999, 69, 151–158. 

30. Hosseinzadeh-Nik, T.; Eftekhari, A.; Shahroudi, A.S.; Kharrazifard, M.J. Changes of the Mandible after Orthodontic Treatment 

with and without Extraction of Four Premolars. J. Dent. 2016, 13, 199. 

31. Sun, Q.; Lu, W.; Zhang, Y.; Peng, L.; Chen, S.; Han, B. Morphological changes of the anterior alveolar bone due to retraction of 

anterior teeth: A retrospective study. Head Face Med. 2021, 17, 30. 

32. Hershey, H.G. Incisor tooth retraction and subsequent profile change in postadolescent female patients. Am. J. Orthod. 1972, 61, 

45–54. 

33. Roos, N. Soft-tissue profile changes in Class II treatment. Am. J. Orthod. 1977, 72, 165–175. 

34. Kim, Y.-H.; Son, W.-S. Changes in soft tissue chin resulting from premolar extraction and incisor retraction in adult female 

patients. Korean J. Orthod. 2001, 31, 535–548. 

35. Meikle, M.C. The dentomaxillary complex and over jet correction in class II, division 1 malocclusion: Objectives of skeletal and 

alveolar remodeling. Am. J. Orthod. 1980, 77, 184–197. 

36. Mao, H.; Yang, A.; Pan, Y.; Li, H.; Lei, L. Displacement in root apex and changes in incisor inclination affect alveolar bone 

remodeling in adult bimaxillary protrusion patients: A retrospective study. Head Face Med. 2020, 16, 29. 


