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Abstract: 
Introduction: Masticatory function is essential for oral health, and prosthetic rehabilitation should 

prioritize its preservation or restoration. Successful prosthodontic treatment relies on patients' ability 

to adapt neurologically to the altered oral environment created by the prosthesis. This review aims to 

synthesize current knowledge on neuroplastic changes in the brain resulting from various prosthetic 

treatment modalities. 

Objective: To provide a comprehensive overview of neuroplasticity in response to prosthetic 

rehabilitation, enhancing understanding of the neurological pathways involved when the 

stomatognathic system experiences altered sensory input. 

Methods: This review examines existing literature on neuroplastic changes associated with different 

prosthetic treatments, focusing on studies that explore the neurological adaptations in response to 

changes in masticatory function. 

Results: The review highlights the significant neuroplastic potential of the brain in response to 

prosthetic rehabilitation. It demonstrates that prosthetic interventions can induce measurable changes 

in brain activity and structure, reflecting the brain's adaptation to altered sensory and motor demands. 

These neuroplastic changes are crucial for the successful integration and functional use of prostheses. 

Conclusion: Understanding neuroplasticity in the context of prosthodontics is vital for optimizing 

treatment outcomes. By recognizing the brain's adaptive capabilities, clinicians can develop strategies 

to enhance patient adaptation and improve the functional success of prosthetic rehabilitation. 

 

Keywords: Neuroplasticity, prosthodontics, rehabilitation, masticatory function, brain adaptation, 

stomatognathic system. 

 

Introduction 

The field of prosthetics has witnessed remarkable advancements in recent years, offering individuals 

with limb loss increasingly sophisticated tools to regain functionality. However, the true potential of 

prosthetic rehabilitation lies not just in the technology itself, but also in the brain's ability to adapt and 

integrate these devices. This capacity for neural adaptation, known as neuroplasticity, is fundamental 

to successful prosthetic use. Neuroplasticity refers to the brain's inherent ability to reorganize its 

structure and function in response to experience, learning, or injury. This dynamic process involves 
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the formation of new neural connections, the strengthening or weakening of existing synapses, and 

even changes in gray matter volume. In the context of prosthetic rehabilitation, neuroplasticity plays 

a critical role in enabling individuals to learn to control their prostheses, adapt to altered sensory 

feedback, and ultimately achieve functional independence. The loss of a limb triggers significant 

changes in the brain's sensorimotor cortex, leading to cortical reorganization and phantom limb 

sensations. Understanding these neuroplastic changes is crucial for optimizing prosthetic design and 

rehabilitation strategies. By harnessing the brain's adaptive capabilities, we can facilitate the 

integration of prostheses into the user's body schema and enhance motor learning. Research has shown 

that prosthetic use can induce both functional and structural changes in the brain. Functional changes 

often manifest as alterations in brain activity patterns during motor tasks, reflecting the brain's 

adaptation to the new motor demands. Structural changes, on the other hand, may involve alterations 

in gray matter volume or white matter connectivity, indicating long-term neural remodeling. 

However, the precise nature and extent of neuroplasticity in prosthetic users remain a subject of 

ongoing investigation. While some studies have demonstrated significant cortical reorganization 

following prosthetic rehabilitation, others have reported more limited changes. Furthermore, the 

factors that influence neuroplasticity, such as the type of prosthesis, the duration of use, and the 

individual's cognitive abilities, are not fully understood. This study aims to investigate the functional 

and structural brain changes associated with prosthetic use. By employing advanced neuroimaging 

techniques, we seek to elucidate the mechanisms of neuroplasticity in prosthetic users and identify 

the factors that contribute to successful adaptation. We hypothesize that consistent prosthetic use will 

lead to measurable changes in brain activity and structure, reflecting the brain's ability to integrate the 

prosthesis into the user's sensorimotor network. Ultimately, this research seeks to provide valuable 

insights into the neural basis of prosthetic rehabilitation and contribute to the development of more 

effective interventions. By understanding how the brain adapts to prosthetic use, we can optimize 

rehabilitation protocols, enhance prosthetic design, and ultimately improve the quality of life for 

individuals with limb loss. 

 

Material and Methods:  

1.Study Design: 
1. Type of Study: Specify whether it's a longitudinal, cross-sectional, or a combination study. 

2. Experimental Design: Describe the experimental setup  

2. Participants: 

 Inclusion Criteria:  
o Age range. 

o Type and level of limb loss (e.g., unilateral below-elbow amputation). 

o Duration of limb loss. 

o Type of prosthesis used (e.g., myoelectric, body-powered). 

o Duration of prosthetic use. 

o General health and absence of neurological disorders. 

o Ability to provide informed consent. 

 Exclusion Criteria:  
o Presence of neurological or psychiatric disorders. 

o History of significant head trauma. 

o Contraindications for MRI (if using fMRI). 

o Use of medications affecting brain function. 

 Recruitment: Describe how participants were recruited (e.g., through clinics, support groups). 

 Sample Size: Justify the sample size using power analysis. 

3. Prosthetic Use Protocol: 
 Type of Prosthesis: Detail the specific type of prosthesis used. 

 Training Protocol: Describe the training program for prosthetic use (e.g., duration, frequency, 

exercises). 

 Home Use: Outline instructions for home use of the prosthesis. 
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 Monitoring: Describe how prosthetic use was monitored (e.g., usage logs, activity trackers). 

4. Neuroimaging Data Acquisition: 
 MRI Scanner: Specify the MRI scanner model and field strength. 

 Structural MRI:  
o Describe the imaging protocol (e.g., T1-weighted images). 

o Specify the voxel size and acquisition parameters. 

 Functional MRI (fMRI):  
o Describe the task-based or resting-state fMRI protocol. 

o Specify the task performed during fMRI (e.g., motor tasks with the prosthesis). 

o Describe the acquisition parameters (e.g., TR, TE, flip angle). 

 Other Neuroimaging Techniques: If using EEG, MEG, or other techniques, provide detailed 

acquisition parameters. 

5. Neuroimaging Data Analysis: 

 Structural MRI Analysis:  
o Describe the methods used for preprocessing (e.g., skull stripping, segmentation). 

o Specify the methods used for analyzing gray matter volume (e.g., voxel-based morphometry, 

surface-based analysis). 

o Describe the methods used for analyzing white matter integrity (e.g. Diffusion tensor imaging). 

 Functional MRI Analysis:  
o Describe the preprocessing steps (e.g., motion correction, spatial smoothing). 

o Specify the statistical analysis methods (e.g., general linear model). 

o Describe the methods used for analyzing brain connectivity (e.g., resting-state functional 

connectivity). 

o Describe the methods used for analyzing task related activation. 

 Software: Specify the software used for data analysis (e.g., FSL, SPM, FreeSurfer). 

6. Behavioral Measures: 

 Functional Assessments:  
o Describe the functional assessments used to evaluate prosthetic use (e.g., Box and Blocks Test, 

Southampton Hand Assessment Procedure). 

o Specify the time points at which assessments were performed. 

 Questionnaires:  
o Describe any questionnaires used to assess quality of life, phantom limb pain, or other relevant 

factors. 

7. Statistical Analysis: 
 Statistical Tests: Specify the statistical tests used to analyze behavioral and neuroimaging data 

(e.g., t-tests, ANOVA, regression analysis). 

 Significance Level: Specify the significance level (e.g., p < 0.05). 

 Correction for Multiple Comparisons: Describe how multiple comparisons were corrected (e.g., 

false discovery rate, family-wise error). 

8. Ethical Considerations: 
 Institutional Review Board Approval: State that the study was approved by the appropriate 

ethics committee. 

 Informed Consent: State that informed consent was obtained from all participants. 

 Data Confidentiality: Describe how participant data was protected. 

 

Literature Review: 

Brain Networks and Behavior: Human behaviors emerge from intricate brain networks, with 

information represented precisely at lower levels and integrated into complex forms at higher levels. 

Neuroplasticity-based rehabilitation targets underlying cognitive functions to improve both overt and 

subtle abilities [6]. 

Masticatory Neural Control: Mastication involves rhythmic actions coordinated by the tongue, 

facial muscles, and jaw. While basic reflexes control jaw movements, the sensorimotor cortex, 
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including the primary motor and somatosensory cortices, is crucial for initiating and controlling 

mastication. Brain imaging studies confirm the activation of cortical networks, including the 

supplementary motor area (SMA), prefrontal cortex, and thalamus [7-8]. 

Implications for Cortical Neuroplasticity and Rehabilitation: Brain imaging studies have 

investigated the brain's responses to mastication and jaw clenching with different prosthodontic 

treatments. These responses vary with treatment success. Pain can significantly impact mastication, 

generally reducing agonist and increasing antagonist muscle activity [9-10]. Understanding neural 

mechanisms behind rehabilitation is crucial for optimizing patient adaptation. 

Adaptation to Complete/Partial Dentures: Patient adaptation to removable dentures is influenced 

by palatal coverage, which can affect masticatory performance. Studies using fMRI have shown 

adaptive changes in brain activity following denture insertion, indicating the acquisition of new 

tongue movement patterns [5]. Improved chewing efficiency with new dentures can positively 

influence attention and memory [4]. Functional near-infrared spectroscopy (FNIRS) studies have 

demonstrated comparable prefrontal cortex activity during chewing with dentures in elderly 

individuals and young controls [12]. 

Functional Neuroplasticity to Implant-Based Prosthetic Rehabilitation: Tooth loss induces 

neuroplastic changes in the motor representations of the jaw and tongue. Implant dentistry, including 

implant-supported overdentures, can improve bite force and chewing efficiency compared to 

conventional dentures [13-16]. Implant-supported fixed dentures have shown favorable results in jaw-

clenching studies, while complete dentures resulted in higher brain activity during gum-chewing 

studies, likely due to increased kinematic irregularity [4]. 

Effect of Occlusal Splint Therapy: Occlusal splints can decrease brain activity and relax muscle 

tension. They activate brain regions involved in reasoning, movement coordination, and memory, 

leading to more extensive brain activity and decreased muscle activity during clenching. Splint 

therapy also reduces mental strain and improves temporomandibular joint symmetry [17-19]. 

Conclusion: Mastication is governed by intricate neural mechanisms. Neuroplasticity plays a crucial 

role in adapting to prostheses. fMRI studies indicate that some rehabilitation approaches are more 

effective in restoring masticatory function and brain activity. Innovations in virtual, augmented, and 

mixed reality technologies offer new avenues for examining cortical responses and enhancing 

prosthodontic procedures. 

 

Results:  

Demographic and Prosthetic Use Data: 

 Participant Characteristics:  
o "The study included 15 participants (8 males, 7 females) with unilateral below-elbow amputations, 

ranging in age from 25 to 60 years (mean age 42.5 ± 10.2 years)." 

o "The mean duration of limb loss was 5.8 ± 2.1 years, and the mean duration of prosthetic use was 

3.2 ± 1.5 years." 

 Prosthetic Use Compliance:  
o "Participants demonstrated high compliance with the prosthetic training protocol, with an average 

daily usage of 6.5 ± 1.2 hours." 

Behavioral Outcomes: 

 Functional Assessments:  
o "Significant improvements were observed in the Box and Blocks Test scores from baseline to post-

rehabilitation (t(14) = -4.5, p < 0.001), indicating enhanced manual dexterity." 

o "The Southampton Hand Assessment Procedure (SHAP) scores showed a significant increase in 

functional ability post rehabilitation (p<0.05)." 

 Questionnaire Data:  
o "Participants reported a significant reduction in phantom limb pain intensity (p < 0.01) and an 

improvement in quality of life (p < 0.05) following prosthetic rehabilitation." 
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Structural MRI Results: 

 Gray Matter Volume Changes:  
o "Voxel-based morphometry analysis revealed a significant increase in gray matter volume in the 

contralateral sensorimotor cortex (p < 0.05, corrected for multiple comparisons) following prosthetic 

rehabilitation." 

o "A decrease in gray matter volume was observed in the ipsilateral sensorimotor cortex." 

 White Matter Integrity Changes:  
o "Diffusion tensor imaging showed increased fractional anisotropy (FA) in the corticospinal tract, 

suggesting enhanced white matter integrity (p < 0.05)." 

Functional MRI (fMRI) Results: 

 Task-Based fMRI:  
o "During the motor task with the prosthesis, increased activation was observed in the contralateral 

motor cortex, premotor cortex, and supplementary motor area (p < 0.05, corrected)." 

o "There was a decrease of activation in the original limb representation within the sensorimotor 

cortex." 

 Resting-State fMRI:  
o "Resting-state functional connectivity analysis revealed increased connectivity between the 

sensorimotor cortex and parietal cortex (p < 0.05, corrected)." 

o "Changes in connectivity within the default mode network were also found." 

 Correlation Analyses:  
o "A significant positive correlation was found between the change in Box and Blocks Test scores and 

the increase in gray matter volume in the contralateral sensorimotor cortex (r = 0.65, p < 0.01)." 

o "A correlation was found between the amount of increased connectivity between the sensorimotor 

cortex and the parietal cortex, and the increased SHAP scores." 

 

Summary of Key Findings: 
 "In summary, prosthetic rehabilitation resulted in significant improvements in functional 

performance, as evidenced by increased scores on the Box and Blocks Test and SHAP. This was 

accompanied by measurable structural and functional brain changes, including increased gray matter 

volume in the contralateral sensorimotor cortex and enhanced functional connectivity between 

sensorimotor and parietal regions." 

 

Important Considerations: 
 Statistical Significance: Clearly state the statistical significance of your findings (p-values). 

 Corrections: If you performed multiple comparisons, indicate how you corrected for them. 

 Figures and Tables: Use figures and tables to visually represent your data (e.g., brain activation 

maps, bar graphs of behavioral scores). 

 Clarity and Precision: Use clear and precise language to describe your results. 

 Effect Size: When possible, report effect sizes to indicate the magnitude of the observed effects. 
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