AI-assisted Digital Orthodontics Improves PAR-based Occlusal Outcomes: Findings from a Randomized Controlled Trial
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Abstract
Background:
Artificial intelligence (AI)-assisted digital orthodontics has emerged as a promising approach for improving treatment precision and occlusal outcomes. However, prospective randomized evidence evaluating its clinical effectiveness remains limited. This study aimed to compare PAR-based occlusal outcomes between an integrated AI-assisted digital workflow and conventional fixed-appliance orthodontic treatment.
Methods:
A single-center parallel-group randomized controlled trial was conducted involving 140 patients with Angle Class I malocclusion. Participants were randomly allocated to either a Digital and AI group (n = 70) or a Conventional group (n = 70). The digital workflow incorporated intraoral scanning, virtual treatment simulation, CAD/CAM appliance customization, and AI-assisted remote monitoring. Peer Assessment Rating (PAR) scores were evaluated at baseline, during treatment, and after treatment completion by calibrated blinded examiners. Statistical analyses included repeated-measures mixed-effects models, independent t-tests, chi-square tests, and multivariable regression analyses.
Results:
Baseline PAR scores were comparable between groups. At treatment completion, the Digital and AI group demonstrated significantly lower final PAR scores than the Conventional group (4.88 ± 0.45 vs 7.81 ± 0.70, p < 0.001). The proportion of patients achieving ≥70% PAR reduction was significantly higher in the Digital and AI group (82.9% vs 50.0%; RR = 1.66, 95% CI: 1.27–2.17). Significant improvements were also observed in anterior alignment, overbite/open bite, overjet, and buccal occlusion. Multivariable regression identified allocation to the Digital and AI workflow as an independent predictor of greater PAR improvement.
Conclusions:
AI-assisted digital orthodontics achieved significantly superior short-term PAR-based occlusal outcomes compared with conventional orthodontic treatment. The integration of digital workflows and AI-assisted clinical monitoring may enhance treatment precision and support more individualized orthodontic care.
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