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Abstract 
Background: Orthodontic correction of bimaxillary 

protrusion commonly involves extraction of 

premolars followed by en-masse anterior retraction. 

Temporary anchorage devices (TADs) provide 

reliable anchorage during space closure; however, the 

associated three-dimensional changes in the 

mandibular dentoalveolar complex require further 

evaluation. Cone-beam computed tomography 

(CBCT) enables accurate assessment of alveolar 

bone remodeling during orthodontic tooth 

movement. 

Aim: To analyze three-dimensional mandibular 

dentoalveolar adaptations following en-masse 

anterior retraction using TAD-assisted sliding 

mechanics in patients with bimaxillary protrusion. 

Materials and Methods: This prospective in vivo 

study included patients aged 18 ± 5 years with 

skeletal Class I bimaxillary protrusion treated with 

extraction of four premolars and maximum 

anchorage using TADs. CBCT scans were obtained 

before and after anterior retraction. Three-

dimensional measurements included vertical 

marginal bone level, labial and lingual alveolar bone 

thickness at different root levels, and the bone 

remodeling-to-tooth movement (B/T) ratio. Changes 

between pre- and post-treatment measurements were 

statistically analyzed. 

Results: Mandibular incisor retraction resulted in 

significant changes in alveolar bone morphology. 

Vertical bone level loss was observed, with greater 

resorption on the lingual aspect than the labial aspect. 

Labial alveolar bone thickness increased at the mid-

root and apical levels, whereas lingual bone thickness 

decreased, particularly at the apical region. The B/T 

ratio was higher on the labial side, indicating more 

favorable bone adaptation, while the lowest ratio 

occurred at the lingual apical level. Greater root apex 

movement was significantly associated with 

increased lingual cortical bone resorption. 

Conclusion: TAD-assisted sliding mechanics 

effectively facilitate anterior retraction; however, 

significant mandibular alveolar bone remodeling 

occurs, particularly on the lingual cortical plate. 

Three-dimensional CBCT evaluation is valuable for 

monitoring these changes and optimizing orthodontic 

biomechanics to minimize periodontal 

complications. 

 

I. INTRODUCTION 
Bimaxillary protrusion is one of the most 

common dentofacial malocclusions encountered in 

orthodontic practice. It is characterized by protrusive 

maxillary and mandibular dentitions with excessive 

proclination of the incisors, resulting in increased lip 

prominence and a convex facial profile. Patients 

frequently present with lip incompetence, excessive 

gingival display during smiling, and hyperactivity of 

the mentalis muscle, making facial aesthetics the 

primary reason for seeking orthodontic treatment.¹˒² 

Successful management of these patients requires a 

thorough evaluation of the skeletal, dental, and soft-

tissue components through clinical examination, 

cephalometric analysis, panoramic radiographs, and 

study models to establish an appropriate treatment 

plan.² 

Treatment options for bimaxillary 

protrusion include orthodontic camouflage and 

orthognathic surgery. Although orthognathic surgery 

provides optimal correction of severe skeletal 

discrepancies, many patients prefer nonsurgical 

treatment because of the associated surgical risks, 

increased cost, and postoperative morbidity.³ 

Consequently, orthodontic camouflage involving 

extraction of premolars followed by en-masse 

retraction of the anterior teeth has become a widely 

accepted treatment approach for patients with mild to 

moderate skeletal discrepancies. Space closure is 

commonly achieved using sliding mechanics or 

frictionless mechanics, both of which require 

effective anchorage control to prevent unwanted 

mesial movement of the posterior teeth.⁴ 

Conventional anchorage reinforcement methods, 

including transpalatal arches, Nance appliances, and 

extraoral headgear, are often limited by patient 

compliance and treatment complexity.¹˒⁵ 

The introduction of temporary anchorage 

devices (TADs) has significantly improved 
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orthodontic anchorage control by providing stable 

skeletal anchorage independent of patient 

cooperation. These titanium mini-implants offer 

several advantages, including minimal invasiveness, 

ease of placement and removal, biocompatibility, and 

predictable tooth movement.⁶ Despite these 

advantages, extensive anterior retraction with TAD-

supported mechanics may induce remodeling of the 

surrounding alveolar bone. The extent of this 

remodeling is influenced by factors such as cortical 

bone thickness, bone density, force application, and 

the magnitude of tooth movement.⁷ Therefore, 

evaluating dentoalveolar changes during orthodontic 

treatment is essential to minimize adverse 

periodontal effects. 

Earlier investigations primarily relied on 

two-dimensional cephalometric radiographs to 

evaluate alveolar bone changes, but these techniques 

are limited by image distortion, magnification, and 

superimposition of anatomical structures.⁸ Cone-

beam computed tomography (CBCT) has overcome 

these limitations by providing accurate three-

dimensional visualization of the teeth, alveolar bone, 

and surrounding structures with relatively low 

radiation exposure and high spatial resolution.⁹ 

Previous CBCT studies have reported significant 

alveolar bone remodeling following incisor 

retraction, including thinning of the lingual cortical 

plate, changes in alveolar bone thickness, and vertical 

marginal bone loss.¹⁰⁻¹² More recently, studies 

evaluating the bone remodeling-to-tooth movement 

(B/T) ratio have suggested that alveolar bone 

adaptation varies according to skeletal morphology 

and may not always follow the conventional 

pressure–tension theory of orthodontic tooth 

movement.¹³⁻¹⁵ However, evidence regarding three-

dimensional mandibular dentoalveolar adaptations 

during TAD-assisted anterior retraction remains 

limited, particularly from prospective clinical 

studies. 

 

AIM 

To evaluate three-dimensional changes in the 

mandibular dentoalveolar complex following en-

masse anterior retraction using TAD-assisted sliding 

mechanics in patients with bimaxillary protrusion by 

means of cone-beam computed tomography (CBCT). 

 

OBJECTIVES 

• To evaluate changes in the vertical marginal 

alveolar bone level around the mandibular 

anterior teeth following en-masse anterior 

retraction.  

• To assess changes in the labial and lingual 

alveolar bone thickness at different root 

levels using CBCT.  

• To determine the bone remodeling-to-tooth 

movement (B/T) ratio at the crestal, mid-

root, and apical levels.  

• To evaluate the relationship between the 

amount of mandibular incisor retraction and 

alveolar bone remodeling. 

 

II. MATERIALS AND METHODS 
Study Design 

The present study was designed as a 

prospective in vivo observational study to evaluate 

three-dimensional changes in the mandibular 

dentoalveolar complex following en-masse anterior 

retraction using temporary anchorage devices 

(TADs). The study was conducted jointly in the 

Department of Orthodontics and Dentofacial 

Orthopaedics and the Department of Oral Medicine 

and Radiology, Mahatma Gandhi Dental College and 

Hospital, Jaipur, Rajasthan, India. Patients were 

recruited between April 2024 and October 2025, 

while image analysis and statistical evaluation were 

completed in January 2026.  

The study protocol was designed in 

accordance with the ethical principles of the 

Declaration of Helsinki for research involving human 

participants. Ethical clearance was obtained from the 

Institutional Ethics Committee, Mahatma Gandhi 

University of Medical Sciences and Technology 

(MGUMST), Jaipur (Approval No. IEC-

MGDC/IEC/1458/JPR/2024/412). Prior to 

enrolment, the objectives and methodology of the 

study were explained to all participants, and written 

informed consent was obtained from each individual.  

 

Sample Size Estimation 

 The sample size was estimated using data reported 

by Arato Ito et al. and calculated with a confidence 

level of 95% and a statistical power of 90%. An 

anticipated effect size of 1.21 was considered for the 

calculation. 

 

The sample size was calculated using the following 

formula: 

                2 (Zα/2 + Zβ)² σ² 

 n = ---------------------------------------- 

                 μ² 

where: 

• n = Required sample size  

• σ = Standard deviation of paired differences  

• μ = Expected mean difference  

• Zα/2 = 1.96 (95% confidence interval)  

• Zβ = 1.28 (90% statistical power)  

 

Based on these parameters, the minimum required 

sample size was calculated to be 16 subjects, which 

was considered sufficient to detect statistically 
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significant differences between pre-treatment (T0) 

and post-treatment (T1) measurements.  

 

Study Population 

A total of 16 patients (8 males and 8 females) with a 

mean age of 18 ± 5 years were included in the study. 

All participants were diagnosed with skeletal Class I 

bimaxillary protrusion and were undergoing 

comprehensive orthodontic treatment involving 

extraction of all four first premolars followed by en-

masse anterior retraction using temporary anchorage 

devices (TADs).  

 

Inclusion Criteria 

Participants fulfilling all of the following criteria 

were included in the study: 

1. Patients aged 18 ± 5 years.  

2. Presence of all six mandibular anterior teeth.  

3. Skeletal Class I malocclusion associated 

with bimaxillary protrusion.  

4. Extraction of all four first premolars as part 

of orthodontic treatment.  

5. En-masse anterior retraction performed 

using temporary anchorage devices (TADs).  

6. Mandibular incisor retraction of 5 mm or 

greater.  

7. No previous history of dental trauma, 

alveolar bone fracture, luxation injuries, or 

prosthetic crowns involving the mandibular 

incisors.  

 

Exclusion Criteria 

The following patients were excluded from the 

study: 

1. Patients with congenital craniofacial 

anomalies or systemic diseases affecting 

bone metabolism.  

2. Patients with missing teeth (excluding third 

molars).  

3. Smokers.  

4. Individuals with poor oral hygiene or 

active periodontal disease.  

 

Materials Used 

The following materials and equipment were utilized 

throughout the study: 

• Cone-beam computed tomography (CBCT) 

unit.  

• NNT NewTom image analysis software.  

• HP laptop for image processing and data 

analysis.  

• Titanium temporary anchorage devices 

(mini-implants).  

• Mini-implant driver.  

The mini-implants used for skeletal anchorage and 

the image analysis workstation are illustrated in 

Figures 1, respectively.  

 
Figure 1. Materials used in the study, including the 

temporary anchorage device (TAD), mini-implant 

driver, and NNT NewTom software for CBCT image 

analysis. 

 

Orthodontic Treatment Protocol 

All patients were treated using a 0.022-inch 

MBT pre-adjusted edgewise appliance. Following 

leveling and alignment, bilateral temporary 

anchorage devices (TADs) were placed in the inter-

radicular region between the mandibular second 

premolar and first molar under local anesthesia to 

provide maximum anchorage during space closure. 

En-masse anterior retraction was subsequently 

performed using sliding mechanics under 

standardized biomechanical conditions for all 

patients. Cone-beam computed tomography (CBCT) 

scans were obtained at two time points: immediately 

before the initiation of anterior retraction (T0) and 

three months after the commencement of retraction 

(T1). 

 

CBCT Image Acquisition and Analysis 

CBCT images were acquired using an X-Mind 

Trium (Acteon, France) unit operating at 90 kVp, 

4–12 mA, with a 75-µm voxel size and an 11 × 8 cm 

field of view (FOV). During image acquisition, 

patients were positioned with the Frankfort 

horizontal plane parallel to the floor and the mid-

sagittal plane perpendicular to the floor to ensure 

standardized head orientation and minimize 

positioning errors (Figure 2). All images were 

reconstructed and analyzed using NNT New Tom 

software.  
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Figure 2. Standardized CBCT image acquisition showing patient positioning with the Frankfort horizontal plane 

parallel to the floor before scanning. 

 

The CBCT datasets were evaluated in axial, coronal, 

sagittal, panoramic, and three-dimensional 

reconstructed views. For standardization, the sagittal 

section was aligned parallel to the long axis of the 

mandibular central incisor before measurements 

were performed (Figure 3). Anatomical landmarks, 

including the labial and lingual cementoenamel 

junctions (CEJ), alveolar crests, and root apex, were 

identified to establish reproducible reference points 

.Subsequently, the tooth long axis and CEJ reference 

line were constructed, and the root length was divided 

into three equal segments representing the crestal, 

mid-root, and apical levels to facilitate standardized 

assessment of dentoalveolar changes (Figures 4). 

 

 
Figure 3. Standardized image orientation and identification of anatomical landmarks on sagittal CBCT sections 

before linear measurements. 
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Figure 4. Reference lines and root segmentation used for three-dimensional CBCT analysis: (A) long axis of the 

mandibular central incisor, (B) CEJ reference line, and (C) division of the root into crestal, mid-root, and apical 

levels. 

 

Three-Dimensional Measurements 

All measurements were performed on standardized 

sagittal CBCT sections using the digital measuring 

tools available in NNT NewTom software. 

Measurements were recorded at baseline (T0) and 

three months after initiation of anterior retraction 

(T1) to evaluate three-dimensional dentoalveolar 

adaptations associated with TAD-assisted sliding 

mechanics. 

Vertical Marginal Bone Level 

The vertical marginal bone level (VBL) was 

measured as the linear distance from the 

cementoenamel junction (CEJ) to the alveolar 

crest on both the labial and lingual surfaces of the 

mandibular central incisors (Figures 5). 

 

 

  
Figure 5. Measurement of vertical marginal bone level on the labial and lingual aspects of the mandibular 

central incisor. 
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Alveolar Bone Thickness  

Labial and lingual alveolar bone thicknesses were measured perpendicular to the long axis of the mandibular 

central incisor at the crestal, mid-root, and apical levels to evaluate alveolar bone remodeling following 

orthodontic tooth movement (Figures 6). 

  
Figure 6. Measurement of labial and lingual alveolar bone thickness at the crestal, mid-root, and apical levels. 

 

Bone Remodeling-to-Tooth Movement (B/T) 

Ratio 

The extent of root movement was determined by 

measuring the positional change of the mandibular 

central incisor relative to the lingual cortical plate at 

the mid-root and apical levels. The bone 

remodeling-to-tooth movement (B/T) ratio was 

calculated using the following equation: 

B/T Ratio = Δ Alveolar Bone Thickness / Δ Tooth 

Movement where: 

• Δ Alveolar Bone Thickness = Bone 

Thickness (T1) − Bone Thickness (T0)  

• Δ Tooth Movement = Tooth Position (T1) 

− Tooth Position (T0)  

The B/T ratio was calculated separately at the mid-

root and apical levels to quantify the extent of 

alveolar bone adaptation during orthodontic tooth 

movement (Figures 7). 
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Figure 7. Measurement of tooth movement and calculation of the bone remodeling-to-tooth movement (B/T) 

ratio: (A) measurement of tooth movement at the mid-root level, (B) measurement of tooth movement at the 

apical level, and (C) calculation of the bone remodeling-to-tooth movement (B/T) ratio. 

 

III. RESULTS 
A total of 16 participants (8 males and 8 females) with a mean age of 18 ± 5 years completed the study. Three-

dimensional CBCT measurements were recorded at baseline (T0) and three months after initiation of en-masse 

anterior retraction (T1). Data were analyzed using the paired t-test and Pearson's correlation analysis. A p-value 

of <0.05 was considered statistically significant. 

 

Changes in Vertical Marginal Bone Level 

Table 1. Comparison of vertical marginal bone level before (T0) and after anterior retraction (T1). 

Surface Time Mean ± SD (mm) Mean Difference (mm) t-value p-value 

Labial T0 1.22 ± 0.41    

 T1 1.68 ± 0.52 +0.46 4.82 0.001* 

Lingual T0 1.35 ± 0.38    

 T1 1.94 ± 0.57 +0.59 5.11 0.001* 

*Paired t-test; p < 0.05 statistically significant. 

The vertical marginal bone level increased significantly on both the labial and lingual surfaces following 

mandibular incisor retraction (Table 1). The mean labial vertical bone level increased from 1.22 ± 0.41 mm at T0 

to 1.68 ± 0.52 mm at T1, while the lingual vertical bone level increased from 1.35 ± 0.38 mm to 1.94 ± 0.57 mm. 

The increase was greater on the lingual surface (0.59 mm) than on the labial surface (0.46 mm), and both changes 

were statistically significant (p = 0.001). 

 

Changes in Alveolar Bone Thickness 

Table 2. Comparison of alveolar bone thickness before (T0) and after anterior retraction (T1). 

Surface Level T0 (Mean ± SD) T1 (Mean ± SD) Mean Difference (mm) t-value p-value 

Labial Mid-root 0.01 ± 0.03 0.27 ± 0.19 +0.26 6.51 <0.001* 
 Apical 3.31 ± 0.93 3.86 ± 0.79 +0.55 8.68 <0.001* 

Lingual Mid-root 1.61 ± 0.68 1.06 ± 0.59 −0.55 8.42 <0.001* 
 Apical 4.80 ± 1.19 3.44 ± 1.13 −1.36 9.61 <0.001* 

*Paired t-test; p < 0.05 statistically significant. 

 

Significant changes in alveolar bone thickness were observed following anterior retraction (Table 2). 

Labial alveolar bone thickness increased significantly at both the mid-root and apical levels, whereas lingual 

alveolar bone thickness decreased significantly at both levels. The greatest increase in bone thickness was 
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observed at the labial apical level (+0.55 mm), while the greatest reduction was observed at the lingual apical 

level (−1.36 mm). All changes were highly statistically significant (p < 0.001). 

 

Bone Remodeling-to-Tooth Movement Ratio 

Table 3. Bone remodeling-to-tooth movement (B/T) ratio at different root levels. 

Surface Mid-root (Mean ± SD) Apical (Mean ± SD) 

Labial 0.86 ± 0.14 0.61 ± 0.16 

Lingual 0.48 ± 0.03 0.37 ± 0.04 

The bone remodeling-to-tooth movement (B/T) ratio was higher on the labial surface than on the lingual surface 

at both evaluated levels (Table 3). The highest B/T ratio was observed at the labial mid-root level (0.86 ± 0.14), 

whereas the lowest value was recorded at the lingual apical level (0.37 ± 0.04). In both surfaces, the B/T ratio 

decreased from the mid-root to the apical level, indicating reduced bone adaptation relative to tooth movement 

toward the root apex. 

 

Correlation Between Tooth Movement and Alveolar Bone Thickness 

Table 4. Pearson's correlation between tooth movement and alveolar bone thickness changes. 

Variables Compared Pearson's r p-value Interpretation 

Incisal edge movement vs Labial bone thickness −0.59 0.003 Moderate negative correlation 

Incisal edge movement vs Lingual bone thickness −0.68 0.001 Strong negative correlation 

Root apex movement vs Labial bone thickness −0.52 0.006 Moderate negative correlation 

Root apex movement vs Lingual bone thickness −0.71 <0.001 Strong negative correlation 

 

Pearson's correlation analysis demonstrated 

significant negative correlations between tooth 

movement and changes in alveolar bone thickness 

(Table 4). Moderate negative correlations were 

observed between incisal edge movement and labial 

bone thickness (r = −0.59, p = 0.003) and between 

root apex movement and labial bone thickness (r = 

−0.52, p = 0.006). Strong negative correlations were 

found between incisal edge movement and lingual 

bone thickness (r = −0.68, p = 0.001) and between 

root apex movement and lingual bone thickness (r = 

−0.71, p < 0.001). The strongest association was 

observed between root apex movement and lingual 

bone thickness, indicating that greater apical 

displacement was associated with greater lingual 

cortical bone reduction. 

 

IV. DISCUSSION 
The present prospective CBCT-based study 

evaluated three-dimensional dentoalveolar changes 

following en-masse mandibular anterior retraction 

using temporary anchorage devices (TADs). The 

findings demonstrated significant changes in vertical 

marginal bone level, alveolar bone thickness, and 

bone remodeling-to-tooth movement (B/T) ratio after 

three months of treatment. Although TADs provide 

effective anchorage for controlled anterior retraction, 

alveolar bone adaptation did not occur uniformly on 

the labial and lingual aspects of the mandibular 

incisors. 

Orthodontic tooth movement is 

accompanied by continuous remodeling of the 

periodontal ligament and surrounding alveolar bone. 

According to the classical pressure–tension theory 

proposed by Melsen, bone resorption occurs 

predominantly on the compression side, whereas 

bone apposition occurs on the tension side during 

orthodontic tooth movement.¹⁵ However, several 

studies have suggested that the extent of alveolar 

bone remodeling is influenced not only by 

orthodontic force but also by cortical bone thickness, 

periodontal phenotype, and the magnitude of tooth 

movement.⁶˒²⁵ 

In the present study, the vertical marginal 

bone level increased significantly on both the labial 

and lingual surfaces after anterior retraction, with 

greater bone loss observed on the lingual side. These 

findings are consistent with those reported by Hung 

et al.¹⁰ and Guo et al.³⁸, who also demonstrated 

greater marginal bone reduction on the lingual aspect 

following mandibular incisor retraction. The thinner 

lingual cortical plate in the mandibular anterior 

region provides limited capacity for compensatory 

remodeling, making it more susceptible to resorptive 

changes during posterior tooth movement. 

Significant alterations in alveolar bone 

thickness were also observed. Labial bone thickness 

increased significantly at both the mid-root and apical 

levels, whereas lingual bone thickness decreased 

significantly. Similar findings have been reported by 

Hung et al.¹⁰, who observed increased labial cortical 

bone thickness following incisor retraction. Bimstein 

et al.⁴⁸ also suggested that lingual repositioning of 

mandibular incisors may be associated with adaptive 
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labial bone apposition. In contrast, Sarikaya et al.¹² 

reported a reduction in labial cortical thickness 

following orthodontic treatment, indicating that 

alveolar bone response may vary according to 

treatment mechanics, force application, and the initial 

morphology of the alveolar housing. 

The reduction in lingual bone thickness was 

greatest at the apical level, suggesting that the lingual 

cortical plate has limited remodeling capacity during 

extensive mandibular incisor retraction. These 

findings agree with Zhang et al.¹¹, who reported 

greater lingual cortical bone resorption than labial 

bone changes after anterior retraction. As the root 

apex approaches the lingual cortical plate, 

compressive stresses increase and bone resorption 

may exceed new bone formation, resulting in cortical 

thinning. This may explain the greater reduction in 

lingual bone thickness observed in the present study. 

The present study also evaluated the bone 

remodeling-to-tooth movement (B/T) ratio using 

CBCT. The B/T ratio reflects the extent to which 

alveolar bone adapts to orthodontic tooth movement. 

Previous studies have suggested that ideal bone 

adaptation approaches a 1:1 relationship between 

bone remodeling and tooth displacement.⁵⁰⁻⁵² In the 

present study, however, the B/T ratio was 

consistently higher on the labial surface than on the 

lingual surface. The highest ratio was observed at the 

labial mid-root level (0.86), whereas the lowest value 

was recorded at the lingual apical level (0.37). These 

findings indicate that lingual alveolar bone 

remodeling did not keep pace with the magnitude of 

tooth movement, particularly near the root apex. 

Our findings differ from those reported by 

Wang Shuo et al.¹⁴, who observed greater lingual 

bone adaptation than labial adaptation in a Chinese 

population. In contrast, the present study 

demonstrated superior remodeling on the labial 

surface. These differences may be attributed to 

variations in skeletal morphology, ethnic 

characteristics, treatment mechanics, and CBCT 

measurement protocols. Similarly, Jingchen Xu et 

al.¹³ reported that alveolar bone remodeling varies 

according to facial pattern, suggesting that skeletal 

morphology may influence the biological response to 

orthodontic tooth movement. 

Pearson's correlation analysis demonstrated 

significant negative correlations between tooth 

movement and changes in alveolar bone thickness. 

The strongest correlation was observed between root 

apex movement and lingual bone thickness, 

indicating that greater apical displacement was 

associated with increased lingual cortical bone 

reduction. These findings suggest that alveolar bone 

remodeling does not always occur proportionally to 

tooth movement and emphasize the importance of 

controlling root position during space closure. 

From a clinical perspective, these findings 

highlight the importance of careful biomechanical 

planning during TAD-assisted anterior retraction. 

Although TADs provide excellent anchorage control, 

excessive retraction or inadequate torque control may 

increase the risk of lingual cortical bone loss, 

particularly in patients with thin periodontal 

phenotypes. Pretreatment CBCT evaluation may 

therefore be beneficial in selected patients to assess 

alveolar bone dimensions and reduce the risk of 

periodontal complications. 

The present study has certain limitations. 

The sample size was relatively small, and the 

observation period was limited to three months after 

the initiation of anterior retraction. Long-term 

periodontal changes following completion of 

orthodontic treatment were not assessed, and no 

comparison was made with conventional anchorage 

systems. Future prospective studies with larger 

sample sizes and longer follow-up periods are 

required to further evaluate long-term alveolar bone 

remodeling associated with different orthodontic 

mechanics. 

Overall, the present study demonstrated 

significant vertical marginal bone changes and 

asymmetric alveolar bone remodeling following 

TAD-assisted mandibular anterior retraction. Labial 

bone showed adaptive apposition, whereas the 

lingual cortical plate exhibited greater bone loss and 

lower remodeling capacity, particularly at the apical 

level. These findings emphasize the need for 

controlled biomechanics and careful periodontal 

monitoring to achieve efficient tooth movement 

while preserving alveolar bone integrity. 

 

V. Conclusion 
Within the limitations of this prospective 

CBCT-based study, en-masse mandibular anterior 

retraction using TAD-assisted sliding mechanics 

resulted in significant three-dimensional 

dentoalveolar changes. A significant increase in 

vertical marginal bone loss, particularly on the 

lingual surface, was observed following treatment. 

Labial alveolar bone thickness increased, whereas 

lingual bone thickness decreased, indicating 

asymmetric alveolar bone remodeling. The bone 

remodeling-to-tooth movement (B/T) ratio was 

higher on the labial side than on the lingual side, 

suggesting more favorable bone adaptation labially. 

Furthermore, greater tooth movement was 

significantly associated with increased lingual 

cortical bone reduction. These findings emphasize 

that although TAD-assisted mechanics provide 

effective anchorage for anterior retraction, careful 
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biomechanical control and torque management are 

essential to preserve periodontal health and maintain 

alveolar bone integrity. 
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