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INTRODUCTION 
Orthodontic tooth movement (OTM) is a multifaceted 

process that involves the deliberate shifting of teeth 

through the application of specific forces, which can 

effectively occur whether the mouth is open or closed. 

This intricate movement plays a pivotal role in 

correcting dental misalignments, enhancing bite 

efficiency, and ultimately improving oral health and 

function.
1,2

 The various types of tooth movement 

include: Tipping movement involves the crown of the 

tooth tilting in one direction, while the root shifts in the 

opposite direction. Tipping is commonly employed 

during the initial phases of orthodontic treatment, as it 

helps create space for the alignment of adjacent teeth or 

achieve a specific angulation that is essential for 

correcting malocclusions. Bodily Movement 

(Translation), unlike tipping, bodily movement entails a 

uniform shift of the entire tooth, with the crown and 

root moving the same distance and in the same 

direction. This type of movement is critical when 

significant tooth displacement is necessary, such as 

when closing gaps within the dental arch, which may 

result from tooth loss or extraction. Intrusion and 
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Abstract:  Aim: This study assesses articular disc repositioning in the TMJ during various 
orthodontic tooth movements using clinical and MRI methods. Materials and Methods: This study 
involved 40 patients aged 35 to 60 with symptoms of temporomandibular joint (TMJ) dysfunction, 
including jaw pain and restricted movement. Clinical exams and high-resolution MRI revealed that 20 
participants showed signs of articular disc repositioning, affecting jaw function. Selection criteria 
ensured balanced gender representation and excluded individuals with mental health issues, 
pregnancy, recent trauma, systemic diseases, prior treatments, or MRI contraindications. Informed 
consent was obtained, and participants were positioned supine during the MRI, which included T1-
weighted sequences in both closed and open-mouth positions. Participants were divided into two 
groups: Group 1 had normal TMJ function, while Group 2 had confirmed articular disc repositioning 
and assessed the mechanical dynamics of the articular disc during orthodontic movements, with 
findings expected to enhance treatment strategies for temporomandibular disorders (TMD) and 
improve patient outcomes. Statistical Analysis and Results: This study analyzed 40 patients divided 
into two groups based on temporomandibular joint (TMJ) functionality. The demographic distribution 
included 21 males and 19 females. Group 1 served as the control with 20 individuals having normal 
TMJ function and no pain, with clinical evaluations confirming the absence of disc abnormalities. 
Notably, 11 participants reported a significant improvement in their quality of life. In contrast, Group 
2 consisted of 20 individuals with articular disc repositioning issues, with follow-up assessments 
showing no improvement in quality of life after treatment. A one-way ANOVA analysis highlighted the 
complexities of TMJ disorders and the need for further research into effective treatments. 
Conclusion: This study concluded that a comprehensive approach, combining clinical evaluations and 
advanced imaging techniques like Magnetic Resonance Imaging (MRI), effectively assesses TMJ 
conditions. Successful treatment is linked to reduced pain, restored jaw function, and confirmed disc 
repositioning. These findings emphasise the importance of a multidisciplinary approach in managing 
TMJ disorders and indicate a need for further research into TMJ dysfunction and disc displacement to 
enhance clinical practices. 
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Extrusion refer to the process of pushing a tooth deeper 

into the alveolar bone, which is often utilised to correct 

overbite situations or ensure that the tooth is in proper 

alignment with its neighbouring counterparts. 

Conversely, extrusion involves gently pulling the tooth 

outward from the gums; this movement may be required 

to address issues like deep bites or to properly align the 

occlusal plane. Both movements require careful 

calibration of orthodontic forces to ensure optimal 

results. Rotation movement involves the tooth pivoting 

around its long axis, allowing for the correction of teeth 

that have become rotated due to misalignment. 

Rotational movement is particularly beneficial for 

improving both the overall alignment and spacing of 

teeth within the arch, promoting better aesthetics and 

functionality. Torquing is a specialised technique that 

focuses on adjusting the position of the tooth’s root to 

modify its axial inclination. This movement is 

particularly important for the anterior teeth, where 

proper angulations significantly contributes to both 

aesthetic appeal and functional efficiency.
3-6 

Achieving 

the correct torque levels ensures that the teeth function 

harmoniously within the bite. While the position of the 

mouth is a critical factor in diagnosing bite issues 

known as malocclusion, as well as in evaluating the 

functionality of the temporomandibular joint (TMJ), it 

does not alter the cellular mechanisms that underpin 

tooth movement.
7,8

 Instead, the application of 

orthodontic forces stimulates the periodontal ligaments, 

which leads to the remodelling of the surrounding 

alveolar bone, facilitating movement over time. 

Advanced imaging techniques, including magnetic 

resonance imaging (MRI), are invaluable in assessing 

conditions that affect the TMJ. These modalities are 

specifically designed to evaluate the position of the 

articular disc within the joint, particularly in instances 

where conservative treatments such as physical therapy, 

splint therapy, or orthodontic adjustments fail to relieve 

symptoms.
9,10

 In such cases, surgical intervention may 

be warranted to reposition the disc, which can improve 

jaw function and alleviate associated pain, thereby 

enhancing the patient’s overall quality of life.
11

 A 

thorough understanding of the diverse aspects of 

orthodontic tooth movement not only supports accurate 

diagnosis and effective treatment planning but also 

contributes to achieving lasting results in orthodontic 

care. Implementing these principles ensures that 

patients benefit from optimal functional and aesthetic 

outcomes, fostering not only a healthier smile but also 

enhanced confidence and well-being.
12,13 

This study 

aims to assess articular disc repositioning in the TMJ 

during various orthodontic tooth movements using 

clinical and MRI methods.
 

 

MATERIAL AND METHODS 
This study engaged a cohort of 40 patients, aged 

between 35 and 60 years, who presented with a diverse 

array of symptoms indicative of temporomandibular 

joint (TMJ) dysfunction. The symptoms included pain 

localized around the TMJ, noticeable swelling, 

tenderness to palpation, and restricted mobility during 

mouth opening and closing activities. After conducting 

comprehensive clinical examinations alongside high-

resolution magnetic resonance imaging (MRI) scans, it 

was identified that 20 of the participants exhibited signs 

of articular disc repositioning within the TMJ, a 

condition that can significantly affect jaw function and 

overall quality of life. Participants were carefully 

selected based on specific inclusion criteria designed to 

ensure a balanced representation across genders. 

Eligible individuals were those experiencing anterior 

disc pain or other related craniomaxillofacial pain 

disorders, which can significantly impact quality of life. 

To maintain the integrity of the study, individuals were 

systematically excluded if they had any histories of 

mental health issues, were currently pregnant, had 

recently experienced physical trauma that could affect 

their condition, or had any systemic diseases, including 

autoimmune disorders that might interfere with the 

study's outcomes. Additionally, individuals who had 

previously undergone treatments for 

temporomandibular disorders (TMD) were excluded to 

ensure that the data reflected first-time experiences with 

these disorders. Furthermore, individuals with 

contraindications related to MRI procedures, such as 

implanted medical devices that could pose risks during 

imaging, were also systematically excluded from 

participation. Before entering the study, informed 

consent was meticulously acquired from all potential 

participants. This process ensured that each individual 

had a comprehensive understanding of the study's 

objectives, procedures, potential risks, and benefits. 

Participants were encouraged to ask questions, and only 

those who expressed clear understanding and agreement 

proceeded to join the study. This careful approach 

underscores the commitment to ethical standards and 

participant well-being in research. To enhance patient 

comfort and clarity during the MRI scans, all metallic 

objects were carefully removed from the vicinity of the 

patients. Additionally, earplugs were provided to 

mitigate the loud noises typically associated with MRI 

machines, creating a more pleasant experience. Each 

participant was positioned supine on the imaging table 

with their heads immobilized using restraints to prevent 

any movement during the imaging process. The MRI 

protocol included T1-weighted sequences specifically 

designed to evaluate the intricate anatomical structure 

of the mandibular condyle, as well as oblique scans for 

enhanced imaging of the TMJ. The analysis involved 

examining the joint in both closed and open-mouth 

positions, providing a comprehensive perspective on its 

dynamic function. For the purpose of this analysis, 

participants were carefully stratified into two distinct 

groups based on their temporomandibular joint (TMJ) 

function. Group 1, serving as the control, comprised 20 

individuals exhibiting normal TMJ function, 

characterized by no reported pain or dysfunction and 

typical range of motion during mandibular movements. 

In contrast, Group 2 included 20 individuals diagnosed 

with articular disc repositioning, a condition confirmed 
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through comprehensive clinical assessments, including 

symptom questionnaires, and diagnostic imaging via 

magnetic resonance imaging (MRI), which revealed the 

displacement of the articular disc within the joint. The 

primary objective of this study was to meticulously 

evaluate the behavior and mechanical dynamics of the 

articular disc during various orthodontic tooth 

movements, such as molar extrusion, incisor retraction, 

and lateral expansion. By analyzing these movements, 

the research sought to understand how the repositioned 

disc interacts with the surrounding anatomical 

structures and how this interaction influences TMJ 

function. The findings from this study are anticipated to 

provide valuable insights into the implications for the 

treatment and management of temporomandibular 

disorders (TMD). By understanding the unique 

challenges posed by articular disc repositioning during 

orthodontic procedures, dental and orthodontic 

practitioners may develop more effective, patient-

centered treatment plans. Ultimately, the goal is to 

inform and enhance future clinical practices in the 

realms of dental and orthodontic care, potentially 

improving patient outcomes and quality of life. 

 

Statistical Analysis and Results  

In this comprehensive analysis, all statistical 

computations were carried out using SPSS version 30.0 

a sophisticated software suite specifically designed for 

statistical modelling and intricate data analysis within 

the realm of social sciences. To rigorously assess the 

significance of our findings, we utilized the chi-square 

test, a powerful statistical tool that is particularly 

effective for examining discrepancies in proportions 

among distinct groups. This method allowed us to 

conduct an in-depth and meticulous comparison of 

categorical variables, ensuring that our results not only 

reflect the complex relationships within the dataset but 

also accurately capture the underlying patterns and 

trends that characterize the data. 

 

 
RESULTS 
This study undertook a comprehensive analysis involving 40 patients, strategically categorized into two distinct groups 

based on the functionality of their temporomandibular joint (TMJ) and the associated clinical presentations observed. In 

Table 1, we present a detailed demographic breakdown of the participants, which encompasses an extensive age 

distribution and gender analysis. The sample was comprised of 21 males and 19 females, reflecting a well-balanced 

distribution that enhances the generalizability of our findings across diverse populations. Group 1 functioned as the 

control group, consisting of 20 individuals exhibiting normal TMJ functionality. These participants reported no 

symptoms of pain, dysfunction, or any impairment during their mandibular movements, all of which fell within 

established normative ranges. Comprehensive assessments, which included thorough clinical evaluations alongside 

advanced imaging studies, validated the absence of articular disc abnormalities in this group. This suggests that proper 

TMJ function may be linked to a higher quality of life and further underscores the potential implications of TMJ health 

on daily activities. Conversely, Group 2 included 20 individuals diagnosed with issues related to the repositioning of the 

articular disc, a condition validated through rigorous clinical evaluations and MRI imaging modalities. The imaging 

results revealed significant displacement of the articular disc, a common pathology associated with various TMJ 

disorders, which often leads to substantial functional impairments and discomfort in affected individuals. Table 2 

provides an in-depth analysis of the findings for Group 1, wherein no surgical intervention was deemed necessary as 

there was no requirement for repositioning of the articular disc. The clinical assessments, alongside follow-up MRI 

evaluations, were instrumental in reassessing the TMJ conditions of these participants. To rigorously evaluate the 

significance of the observed findings, we applied the Pearson Chi-Square test, producing promising results. Notably, 11 

patients within this group reported a significant improvement in their overall quality of life, highlighting the positive 

implications tied to healthy TMJ function. In contrast, for Group 2, as detailed in Table 3, a repositioning procedure for 

the articular disc was performed, and subsequent clinical and MRI assessments were conducted to gauge the therapeutic 

efficacy of this intervention. Following the same rigorous methodology employed in Group 1, we again utilized the 

Pearson Chi-Square test to delve deeper into the relationships between categorical variables within this group. 

Unfortunately, the outcomes were less encouraging, as none of the participants in this group reported an improvement in 

their quality of life post-surgery, suggesting that the surgical intervention did not yield the anticipated benefits and raises 

questions regarding the efficacy of such procedures in treating TMJ disorders. Lastly, Table 4 summarizes the estimated 

outcomes across all studied groups through the application of one-way ANOVA. This statistical approach facilitates a 

comprehensive comparative analysis of the effectiveness of the interventions in relation to the patients' perceived quality 

of life. By offering a detailed perspective on the impacts of TMJ disorders and the resultant treatments, this study aims to 

enhance our understanding of the complexities involved and inform clinical practices related to the management of TMJ 

conditions and their profound effects on overall patient well-being. The findings underscore the need for ongoing 

research into alternative treatment modalities that may prove more beneficial for individuals suffering from TMJ-related 

issues. 
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Table 1: Age & gender based statistical description of contributing patients 

Age Group (Yrs) Male Female Total P value 

35-40 4 3 7 0.12 

41-45 5 2 7 0.02
*
 

46-50 3 5 8 0.01
*
 

51-55 4 5 9 0.30 

56-60 5 4 9 0.60 

Total 21 19 40 
*
Significant 

*p<0.05 significant 

 

Graph 1: Patients demographic distribution and associated details 

 
 

Table 2: In Group 1, which consisted of 20 participants, no repositioning of the articular disc in the temporomandibular 

joint (TMJ) was performedand clinical and MRI assessment was made. To evaluate the significance of the observed 

findings, a statistical analysis was conducted utilising the Pearson Chi-Square test. This method provided an in-depth 

assessment of the relationships between categorical variables within the study group 

Evaluation N Mean 
Std. 

Dev. 

Std. 

Error 

95% 

CI 

Pearson Chi-

Square 

Value 

df p value 

Clinical 

Evaluation 
 

Joint Sounds 1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

Tenderness 1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

Pain 0 - - - - - - - 

Palpitations 1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

MRI Assessment  

Disc Position 

(Closed Mouth 

Position) 

1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

Disc Condylar 

Relation (Open 

Mouth Position) 

2 1.10 1.07 1.05 1.06 1.09 1.010 1.0 

Deformed Disc 

Morphology 
0 - - - - - - - 

Condylar 

Flattening 

Osteophytes 

1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

Joint Effusion 2 1.10 1.07 1.05 1.06 1.09 1.010 1.0 

Improved Quality 

of Life 
11 1.40 1.32 1.27 1.22 1.20 1.25 0.8 

*p<0.05 significant  

 

Table 3: In Group 2, which consisted of 20 participants, with repositioning of the articular disc in the 

temporomandibular joint (TMJ) was performed, and clinical and MRI assessment was made. To evaluate the significance 

of the observed findings, a statistical analysis was conducted utilising the Pearson Chi-Square test. This method provided 

an in-depth assessment of the relationships between categorical variables within the study group 
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Evaluation N Mean 
Std. 

Dev. 

Std. 

Error 

95% 

CI 

Pearson Chi-

Square 

Value 

df 
p 

value 

Clinical 

Evaluation 
 

Joint Sounds 2 1.10 1.07 1.05 1.06 1.09 1.010 1.0 

Tenderness 3 1.14 1.09 1.27 1.28 2.18 2.02 0.2* 

Pain 1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

Palpitations 3 1.14 1.09 1.27 1.28 2.18 2.02 0.2* 

MRI Assessment  

Disc Position 

(Closed Mouth 

Position) 

Anterior To 11 

O’clock Position 

3 1.14 1.09 1.27 1.28 2.18 2.02 0.2* 

Disc Condylar 

Relation (Open 

Mouth Position) 

Does Not Return 

To Original 

Position 

2 1.10 1.07 1.05 1.06 1.09 1.010 1.0 

Deformed Disc 

Morphology 
3 1.14 1.09 1.27 1.28 2.18 2.02 0.2* 

Condylar Flattening 

Osteophytes 
2 1.10 1.07 1.05 1.06 1.09 1.010 1.0 

Joint Effusion 1 1.08 1.03 1.04 1.01 1.04 1.08 0.01* 

Improved Quality 

of Life 
0 - - - - - - - 

*p<0.05 significant  

 

Table 4: Estimation amongst all studied groups using one-way ANOVA 

Variables 
Degree of 

Freedom 
Sum of Squares ∑ 

Mean Sum of 

Squares m∑ 
F 

Level of Sig. 

(p) 

Between 

Groups 
3 1.420 1.537 1.3 0.001* 

Within 

Groups 
15 2.204 0.623 _ 

Cumulative 104.13 07.644 *p<0.05 significant 

 

 

DISCUSSION 
Butrón-Téllez Girón C et al reviewed in their study that 

orthodontic tooth movement (OTM) refers to the 

complex biomechanical process through which teeth are 

repositioned within the alveolar bone. This process 

involves the application of continuous mechanical 

forces that facilitate the remodelling of both the 

periodontal ligament and the surrounding bone 

structures. The underlying mechanisms of OTM are 

intricately tied to the biological responses of the tissues 

involved. Specifically, bone resorption occurs on the 

pressure side of the tooth as a response to applied 

forces, resulting in the removal of bone, while new 

bone formation takes place on the tension side, where 

the tooth is being pulled away from the bone.14,15 El-

Angbawi A et al showed in their study that tooth 

movements can be categorised into several distinct 

types, each characterised by specific biomechanical 

principles. Tipping movement involves the application 

of a single, localised force that causes the crown of the 

tooth to shift in one direction. Conversely, the root 

moves in the opposite direction, enabling a tilting 

motion that alters the tooth's position in the arch. Bodily 

Movement, the entire tooth, including both the crown 

and root, is translated uniformly in the same direction. 

This type of movement is particularly effective when a 

comprehensive repositioning of the tooth is necessary. 

Intrusion and Extrusion are axial movements that 

involve repositioning the tooth along its long axis. 

Intrusion entails moving the tooth towards the alveolar 

crest (the edge of the gums), thereby decreasing the 

tooth's height, while extrusion involves moving the 

tooth in the opposite direction towards the occlusal 

plane, effectively increasing its height within the dental 

arch. Rotation movement refers to the twisting of a 

tooth around its long axis. Rotational movements are 

crucial in correcting the alignment of teeth, particularly 

those that are misaligned rotationally within the dental 
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arch. Torquing movement addresses the axial 

inclination of a tooth by displacing the root either 

buccally (towards the cheek) or lingually (towards the 

tongue). Torquing is vital for achieving optimal root 

position and ensuring proper alignment and stability of 

the tooth. Uprighting technique specifically targets the 

correction of teeth that have been tipped mesiodistally 

(either towards the midline or away from it). Uprighting 

is particularly important for restoring proper occlusion 

and alignment.16-18 Articular repositioning plays a 

crucial role in effectively managing the 

temporomandibular joint (TMJ), especially in instances 

marked by articular disc displacement and a range of 

temporomandibular disorders (TMDs). An effective 

orthodontic treatment plan is designed not only to 

achieve optimal alignment of the teeth and establish a 

stable occlusion but also to safeguard the proper 

functioning and overall health of the TMJ.19,20 

Matheson EM et al included in their study that in most 

cases, routine orthodontic movements exert minimal 

influence on the positioning of the TMJ disc; however, 

more complex scenarios may require surgical 

intervention to adequately address significant 

displacements or dysfunctions. The primary goal of 

these surgical procedures is to attain stable positioning 

of the condyle—the rounded end of the jawbone that 

articulates with the skull—while simultaneously 

promoting healthy bone remodeling processes around 

the joint. This comprehensive approach ensures that 

both the mechanical functions and the biological health 

of the TMJ are optimized, ultimately leading to 

improved patient outcomes.21,22 Niraj LK et al 

reviewed in their study that magnetic resonance 

imaging (MRI) is an invaluable non-invasive diagnostic 

tool that excels in producing high-resolution images of 

soft tissues, including the delicate articular disc of the 

temporomandibular joint (TMJ). This advanced 

imaging technique is indispensable for the thorough 

evaluation of TMJ disorders, as it adeptly identifies disc 

displacement by capturing comparative images in both 

open and closed mouth positions. Furthermore, MRI 

can uncover additional complications such as 

inflammation or degenerative changes within the joint, 

providing critical insights that are essential for tailoring 

treatment plans and management strategies for patients 

experiencing a range of TMJ-related conditions. This 

detailed imaging not only enhances diagnostic accuracy 

but also facilitates informed decision-making in clinical 

practice.23,24 

 

CONCLUSION 
In accordance with the limitations of the study, the 

author conducted a thorough examination of the clinical 

and MRI-based assessment of articular disc 

repositioning in the temporomandibular joint (TMJ) 

during various orthodontic tooth movements. The 

results indicated that the evaluation of tooth movement 

and TMJ articular disc repositioning is effectively 

carried out through a comprehensive approach that 

combines detailed clinical examinations with advanced 

imaging techniques. It was concluded that among these, 

Magnetic Resonance Imaging (MRI) stands out as the 

gold standard for assessing both the disc and the 

surrounding soft tissues due to its superior ability to 

visualise non-bony structures. The findings suggest that 

successful orthodontic treatment is typically associated 

with a notable reduction in pain, the restoration of 

normal jaw function, and verifiable repositioning of the 

disc as demonstrated through imaging studies. These 

outcomes underscore the importance of a 

multidisciplinary approach in the management of TMJ 

disorders, integrating orthodontic treatment with 

accurate diagnostic methods. Furthermore, the results 

highlight the critical need for further research to explore 

the underlying mechanisms of TMJ dysfunction and 

disc displacement. Such investigations could provide 

deeper insights into the pathophysiology of these 

conditions and pave the way for more effective clinical 

practices and therapeutic interventions in the future. 
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