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ABSTRACT

Background: Digital and Al-driven technologies are revolutionizing prosthodontics by enhancing precision, efficiency, and
patient outcomes. The integration of artificial intelligence (Al) in prosthetic design and occlusal analysis is transforming
conventional workflows.

Objective: This study evaluates the effectiveness of Al-assisted prosthodontic workflows in comparison to traditional
methods in terms of accuracy, time efficiency, and patient satisfaction.

Materials and Methods: A total of 50 edentulous patients were included in a randomized controlled study. Group A (n=25)
received Al-assisted digitally designed complete dentures, while Group B (n=25) received conventionally fabricated
dentures. Prosthetic fit, occlusal accuracy, patient satisfaction, and fabrication time were assessed using objective and
subjective measures.

Results: Al-assisted dentures demonstrated superior accuracy in occlusal balance (p<0.05), reduced fabrication time by 40%,
and had significantly higher patient satisfaction scores compared to conventional methods.

Discussion: The findings suggest that Al-driven digital prosthodontics enhances treatment outcomes by improving precision
and reducing human error. However, challenges such as cost and learning curves must be addressed for widespread adoption.

Conclusion: Al-driven digital prosthodontics offers a promising approach to improving efficiency and patient outcomes in
prosthetic rehabilitation. Future research should focus on cost-effectiveness and long-term clinical outcomes.

1. INTRODUCTION

The field of prosthodontics has undergone a revolutionary transformation with the advent of artificial intelligence (Al) and
digital dentistry. Traditional prosthodontic procedures involve multiple manual steps such as impression-making,
articulation, and occlusal adjustments, which are often time-consuming and susceptible to human errors. The integration of
Al in prosthetic fabrication aims to overcome these limitations by enhancing precision, improving efficiency, and optimizing
patient outcomes *®,

Recent advancements in Al-driven Computer-Aided Design and Computer-Aided Manufacturing (CAD/CAM) have
streamlined prosthetic workflows, leading to more accurate dental restorations. Studies have demonstrated that Al-assisted
prosthodontic workflows reduce fabrication time, improve occlusal accuracy, and increase patient satisfaction compared to
conventional methods "%, Moreover, digital workflows facilitate real-time modifications, allowing clinicians to optimize
prosthetic designs without the need for extensive manual interventions 2.
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Despite these advancements, challenges persist in Al adoption, including high costs, the need for specialized training, and
resistance from traditionally trained practitioners 316, Additionally, research comparing Al-driven prosthodontic treatments
to conventional methods remains limited, necessitating further investigation into long-term clinical outcomes and cost-
effectiveness 1720,

This study aims to evaluate the effectiveness of Al-assisted digital prosthodontic workflows by comparing them with
traditional techniques in terms of accuracy, efficiency, and patient satisfaction. By addressing existing knowledge gaps, this
research seeks to contribute to the growing body of evidence supporting Al integration in modern prosthodontics.

Objectives
1. To compare the accuracy of Al-assisted prosthodontic workflows with conventional techniques.
2. To evaluate the time efficiency of Al-integrated digital prosthodontic methods.
3. To assess patient satisfaction levels with Al-driven prosthetic rehabilitation.
4. To identify challenges associated with Al adoption in prosthodontics.

2. MATERIALS AND METHODS
Study Design

A randomized controlled trial (RCT) was conducted at a university dental clinic with a follow-up period of three months.
Participants
Inclusion criteria: Edentulous patients aged 45-75 years requiring complete dentures.

Exclusion criteria: Patients with temporomandibular disorders, severe resorption, or systemic conditions affecting oral
rehabilitation.

Study Groups

Group A (Al-Digital Prosthodontics, n=25):

Intraoral scanning for digital impressions.

Al-assisted CAD/CAM design for denture fabrication.

3D printing/milling of dentures.

Group B (Conventional Prosthodontics, n=25):

Traditional impression-taking.

Manual articulation and wax trial.

Conventional denture processing.

Evaluation Parameters

Occlusal Accuracy: Measured using T-Scan digital occlusal analysis.

Fabrication Time: Time from impression to denture delivery recorded.

Patient Satisfaction: Assessed using a Visual Analog Scale (VAS) at 1 week, 1 month, and 3 months post-treatment.
Prosthetic Fit: Evaluated using pressure-indicating paste (PIP) and retention tests.
Statistical Analysis

Data were analyzed using SPSS software. A t-test was used to compare fabrication time and occlusal accuracy, while the
chi-square test was used for patient satisfaction. A p-value of <0.05 was considered statistically significant.

3. RESULTS
Occlusal Accuracy: Al-assisted dentures showed 30% better occlusal balance (p=0.03) compared to conventional dentures.

Fabrication Time: Al-driven workflows reduced fabrication time by 40% (p<0.001).

Patient Satisfaction: At 3 months, 85% of Al-denture users reported higher satisfaction compared to 60% in the conventional
group (p=0.02).

Prosthetic Fit: Al-assisted dentures exhibited higher retention and better pressure distribution as per PIP evaluation.
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Table 1: Comparative Performance of Al-Assisted vs. Conventional Dentures

140
120 -
100 -
80 -
B Al Assisted
60 -
m Conventional
40 -
20 -
0 |
Occlusal Fabrication Patient Prosthetic Fit
Accuracy Time Satisfaction
Metric Al-Assisted Dentures (%) Conventional Dentures (%)
Occlusal Accuracy ||130 (Baseline: 100%) 100
Fabrication Time |[|60 (Baseline: 100%) 100
Patient Satisfaction||85 60
Prosthetic Fit Higher retention & pressure distribution||Standard retention & pressure distribution

4. DISCUSSION

The findings of this study strongly support the growing body of evidence advocating for Al-driven digital workflows in
prosthodontics. The Al-assisted approach significantly enhanced occlusal accuracy, reduced fabrication time, and improved
patient satisfaction when compared to conventional prosthetic fabrication methods. These results align with recent studies
that highlight the advantages of Al integration in dental prosthetics while also shedding light on existing challenges such as
cost, learning curves, and the need for further clinical validation 226,

A key finding of this study was the 30% improvement in occlusal balance with Al-assisted dentures, demonstrating the
precision of Al-driven occlusion analysis. This result is consistent with Patel et al. (2022), who reported that Al-assisted
CAD/CAM workflows minimized occlusal discrepancies and improved inter-arch harmony. Similarly, Chan H et al. (2024)
27 found that Al-driven occlusal adjustments using T-Scan technology significantly enhanced bite precision and reduced
post-delivery occlusal refinements. These findings suggest that Al has the potential to replace traditional articulating paper
and manual adjustments, thereby reducing chairside time. However, Liu J et al (2023) 8 argue that while Al improves initial
occlusal accuracy, some cases may still require manual refinements due to variations in individual jaw movements and
occlusal dynamics.

The study also demonstrated that fabrication time was reduced by 40% in the Al-driven group compared to conventional
prosthodontic workflows. This efficiency gain was primarily attributed to the automation of design and milling processes,
eliminating labor-intensive manual steps. Similar time savings were reported by Bessadet M et al. (2024) 2, where Al-driven
digital prosthodontic workflows reduced fabrication time by 35-50% while maintaining high-quality outcomes. Additionally,
Chopra S et al (2024)*° emphasized that A I-based prosthetic fabrication significantly reduced the need for chairside
adjustments, ultimately saving clinical time and resources. However, Miller et al. (2022) pointed out that while Al enhances
efficiency, the initial learning curve for practitioners may temporarily offset time savings as they familiarize themselves with
digital tools 3%,

Another significant aspect of this study was patient satisfaction, which was notably higher among Al-assisted prosthetic
users (85%) compared to conventional denture users (60%). The increased satisfaction can be attributed to superior prosthetic
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fit, enhanced esthetics, and reduced post-insertion adjustments. These results are in agreement with Awawdeh M et al. (2024)
34 who found that Al-designed dentures received 20% higher patient-reported satisfaction scores due to improved retention
and adaptation. Additionally, Zupancic Cepic L et al. (2023) * found that Al-assisted dentures led to fewer follow-up visits
and adjustments, contributing to higher patient comfort. However, Alyami MH. (2024) ¢ noted that despite the advantages
of Al-generated prostheses, some patients preferred traditional methods due to familiarity with conventional impression
techniques and manual wax trials, highlighting the need for patient education on Al-based prosthodontic workflows.

Despite the clear benefits, challenges persist in Al adoption in prosthodontics, particularly in terms of cost and the learning
curve for clinicians. The initial investment required for Al-powered CAD/CAM systems remains a significant barrier, as
noted in Ahmed Ml et al. (2023) %7, who found that while Al-driven prosthodontics reduced long-term costs through increased
efficiency, the high upfront cost limits accessibility in smaller dental clinics. Furthermore, Bajwa J et al. (2024) 3¢ emphasized
that clinicians transitioning to Al-driven workflows require specialized training to effectively utilize advanced digital tools.
Smith et al. (2025) *° reported that practitioners with limited digital dentistry experience needed 4-6 months of training to
gain proficiency in Al-assisted prosthetic design and fabrication, highlighting the importance of structured educational
programs for Al integration.

Looking ahead, future research should focus on long-term clinical outcomes, cost-effectiveness, and dynamic occlusion
adjustments in Al-driven prosthodontics. Singi et al. (2022) * suggested that longitudinal clinical studies spanning 5 years or
more are required to assess the durability and success of Al-assisted dentures compared to conventional prostheses.
Moreover, Wang and Li (2024) emphasized that AI’s potential can be further enhanced by integrating real-time occlusal
adaptation algorithms and intraoral scanners to allow real-time prosthetic modifications %40,

5. CONCLUSION

The findings of this study, in conjunction with current literature, reaffirm that Al-driven digital prosthodontics represents a
paradigm shift in prosthetic rehabilitation. By improving accuracy, efficiency, and patient satisfaction, Al is poised to
revolutionize conventional workflows. However, challenges such as cost, clinician training, and long-term clinical validation
must be addressed to facilitate widespread adoption. As Al technology continues to evolve, further research and clinical trials
will be crucial in refining Al-driven workflows for optimal patient care.

Clinical Implications

Al integration can reduce chairside adjustments and improve efficiency in denture fabrication.

Enhanced precision contributes to long-term prosthetic success and higher patient satisfaction.
Challenges & Limitations

Cost: Al-driven workflows require substantial investment in technology.

Learning Curve: Clinicians need specialized training to utilize Al-driven CAD/CAM software effectively.
Sample Size: A larger sample with long-term follow-up is needed for definitive conclusions.

Conclusion

Al-driven digital prosthodontics represents a paradigm shift in prosthetic rehabilitation, offering enhanced precision,
efficiency, and patient satisfaction. While challenges such as cost and training remain, the benefits suggest a promising future
for Al integration in prosthodontics.

Future Research Directions
Long-term clinical outcomes of Al-assisted prosthetic rehabilitation.
Cost-benefit analysis of Al-driven workflows in prosthodontic practice.

Al applications in dynamic occlusion adjustments and real-time prosthetic modifications.
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