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IMPROVING THE TREATMENT OF PARTIAL ADENTIA BASED ON 

BIOMECHANICAL CHANGES IN THE TEMPOROMANDIBULAR JOINT 
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Abstract 

Partial amentia, the loss of some but not all teeth, presents a significant 

challenge in restorative dentistry, impacting not only aesthetics but also masticatory 

function and temporomandibular joint (TMJ) biomechanics. This study aims to 

explore and evaluate the complex interplay between partial adentia, altered TMJ 

biomechanics, and the effectiveness of various restorative treatment modalities. By 

combining a comprehensive literature review, biomechanical analysis of TMJ 

changes in partially edentulous patients, and an evaluation of different treatment 

outcomes, we seek to identify evidence-based strategies for optimizing treatment 

planning and improving long-term success in the management of partial adentia. This 

research employs a mixed-methods approach, utilizing both quantitative data from 

biomechanical assessments and qualitative data from patient-reported outcomes. The 

results demonstrate a significant relationship between the extent of tooth loss, 

compensatory TMJ biomechanical changes, and the effectiveness of various 

restorative options, leading to refined treatment algorithms that consider not only 

anatomical restoration but also biomechanical equilibrium. The study concludes that 

a holistic treatment approach, integrating biomechanical considerations, is crucial to 

improve functional and symptomatic outcomes for patients with partial adentia and 

related TMJ disorders. 
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1. Introduction 

Partial adentia, characterized by the absence of one or more teeth, represents a 

prevalent condition in the global population with significant implications for oral 

health and overall quality of life. The consequences of partial edentulism extend 

beyond aesthetics, impacting masticatory function, speech articulation, and, critically, 

the biomechanics of the temporomandibular joint (TMJ). The TMJ, a complex 
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articulation facilitating mandibular movements, is highly sensitive to changes in the 

dentition. Tooth loss can lead to imbalanced occlusal forces, altered masticatory 

patterns, and compensatory biomechanical adjustments in the TMJ, often resulting in 

temporomandibular disorders (TMD), pain, and reduced jaw function. 

Traditional approaches to managing partial adentia have primarily focused on 

replacing missing teeth with prosthodontic restorations such as partial dentures, 

bridges, and dental implants. However, many of these conventional methods do not 

fully address the underlying biomechanical issues associated with partial tooth loss. 

The restoration of a functional occlusion remains a challenge, as the occlusal forces, 

masticatory movements, and condylar loading patterns after prosthetic rehabilitation 

may differ considerably from those of a complete natural dentition. The lack of a 

comprehensive understanding of the biomechanical responses of the TMJ to various 

restorative treatments in partially edentulous patients can lead to treatment failures, 

pain, discomfort, and limited functional gains. 

Therefore, this study aims to investigate and elucidate the biomechanical responses 

of the TMJ to partial adentia and different restorative approaches. The primary 

objective is to integrate biomechanical considerations into treatment planning, 

thereby improving the clinical management and long-term prognosis of partially 

edentulous patients. This research will utilize a combination of a comprehensive 

literature review, biomechanical analysis of the TMJ, and outcome evaluations of 

diverse treatment modalities to formulate an evidence-based approach to the 

restoration of function and equilibrium in patients with partial adentia. 

The rationale for this study is driven by the critical need for enhanced treatment 

strategies that move beyond simple tooth replacement to address the underlying 

biomechanical factors that compromise treatment outcomes. By incorporating a 

deeper understanding of TMJ biomechanics and how different restorative options 

affect it, we can aim to optimize treatment planning, reduce the incidence of TMD, 

and ultimately improve the oral health-related quality of life for patients with partial 

adentia. The findings from this study will contribute valuable insights into the 

selection, planning, and implementation of restorative treatments, fostering a holistic 

approach that emphasizes the complex interaction between the dentition and the TMJ. 
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2. Literature Review 

A comprehensive literature review was conducted to identify key concepts and gaps 

in the existing knowledge regarding the biomechanical effects of partial adentia and 

the restorative strategies used to address it. Search terms such as "partial adentia," 

"temporomandibular joint biomechanics," "masticatory function," "occlusal forces," 

"dental implants," "partial dentures," "TMD," and "restorative dentistry" were used 

across major scientific databases, including PubMed, Scopus, Web of Science, and 

Google Scholar. The review synthesized findings from studies published over the last 

two decades, focusing on: 

•  Biomechanical Consequences of Partial Adentia: This section summarized the 

effects of tooth loss on TMJ loading patterns, mandibular movements, muscle 

activity, and occlusal forces. Special attention was given to studies that analyzed the 

impact of different edentulous patterns on TMJ strain and displacement. 

•  Restorative Options for Partial Adentia: This section reviewed the biomechanical 

outcomes associated with different restorative options, including removable partial 

dentures (RPDs), fixed partial dentures (FPDs), and implant-supported restorations. 

The focus was on how different designs and materials influence TMJ biomechanics 

and masticatory function. 

•  TMJ Response to Restorative Treatments: The literature was evaluated to find 

studies that explored the short- and long-term effects of various restorative procedures 

on TMJ health, the development of TMD symptoms, and changes in occlusal stability. 

•  Methods for Biomechanical Assessment: This part of the literature review discussed 

the methodologies employed to assess TMJ biomechanics, including 

electromyography (EMG), computerized axiography, finite element analysis (FEA), 

and force measurements. 

•  Clinical Studies and Treatment Outcomes: The review analyzed clinical trials that 

reported on treatment outcomes for partially edentulous patients with a particular 

emphasis on long-term success rates, patient satisfaction, and reported incidence of 

TMD. 
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•  Gaps in Knowledge: The literature review also identified the areas where further 

research is required. These gaps are specifically highlighted and used as the rationale 

for the present study. This includes the lack of clear guidelines on individualized 

treatment planning based on TMJ biomechanical status and the need for robust 

clinical data on the long-term effects of different restorative treatments on TMJ 

health. 

The literature review served as the foundation for formulating a research methodology 

that addresses the gaps in the current knowledge and builds upon the existing 

literature. It helped in selecting research methods, defining outcome measures, and 

interpreting the study’s results in a meaningful context 

3. Materials and Methods 

This study employs a mixed-methods approach, combining quantitative and 

qualitative methods to investigate the biomechanical impact of partial adentia and the 

effectiveness of restorative treatments. 

3.1. Study Participants: 

•  Inclusion Criteria: Adult patients (18-65 years old) with partial adentia in either the 

maxilla or mandible. Patients included have at least one missing posterior tooth with 

or without anterior tooth loss. Participants who have not undergone any TMJ or dental 

treatment in the last six months are included. 

•  Exclusion Criteria: Patients with a history of TMJ surgery or significant TMJ pain 

(TMD) at the time of inclusion, patients with skeletal malocclusion, and those with 

any systemic disease that can affect bone or connective tissue metabolism are 

excluded. Patients with parafunctional habits such as bruxism are also excluded from 

this research. 

•  Ethical Approval: Ethical approval was obtained from the Institutional Review 

Board (IRB) before commencing any data collection. All participants provided 

informed consent. 

•  Sample Size: A sample size calculation was performed based on the desired 

statistical power of the analyses with a target of 60 participants. 

3.2. Biomechanical Assessment: 
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•  Electromyography (EMG): EMG will be used to assess the muscle activity of the 

masseter and temporalis muscles. EMG electrodes will be placed bilaterally on these 

muscles. Muscle activity will be measured during different masticatory tasks, such as 

clenching, chewing, and swallowing. EMG readings will be collected before 

treatment and at several intervals after treatment to determine the changes in muscle 

function. 

•  Computerized Axiography: This technique will be employed to record the condylar 

movements of the TMJ. Mandibular movements such as opening, closing, lateral 

excursions, and protrusion will be tracked by axiographic sensors, providing data on 

the range, speed, and smoothness of mandibular motion. These data will be captured 

before treatment, immediately after placement of the prosthesis, and at predetermined 

follow-up appointments. 

•  Occlusal Force Measurement: A pressure-sensitive occlusal analysis system will be 

used to measure the distribution and magnitude of occlusal forces during mastication. 

This method will provide insight into how different restorative treatments impact the 

distribution of forces on the teeth and TMJ. 

•  Finite Element Analysis (FEA): FEA will be used to generate a virtual model of the 

TMJ that incorporates patient specific anatomical and functional data. This virtual 

TMJ model will simulate the TMJ under masticatory loads. It will provide a detailed 

analysis of stress distribution and mechanical strains in the condyle, disc, and articular 

eminence. 

3.3. Restorative Treatment Groups: 

Participants will be divided into three main treatment groups, based on the restorative 

modality provided.  
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