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Abstract :  

The evolution of digital orthodontics has led to significant advancements in precision treatment techniques. 

Among these, robotic wire bending and automated bracket placement have emerged as transformative 

technologies. Robotic systems are capable of fabricating archwires with high accuracy, while automated 

bracket positioning enables consistent and reproducible outcomes with minimal manual intervention. This 

review summarizes the principles, technologies, advantages, challenges, and future directions of these 

innovations. By integrating computer-aided design/computer-aided manufacturing (CAD/CAM), artificial 

intelligence (AI), and robotic automation, orthodontic workflows are becoming more efficient, patient-

centered, and outcome-driven. The paper emphasizes the clinical relevance of robotic-assisted orthodontics, 

highlighting its role in improving treatment predictability and reducing chairside time. Future developments 

will likely involve adaptive AI systems and digital twin technology to achieve fully automated orthodontic 

processes.     

Keywords: Orthodontics, robotic wire bending, automated bracket placement, CAD/CAM, artificial 

intelligence, digital orthodontics     

     

1.Introduction     

The integration of automation and digital technology has reshaped modern orthodontic practice. Robotics, 

artificial intelligence (AI), and computer-aided manufacturing have improved the precision of orthodontic 

procedures. ¹ Traditionally, wire bending and bracket placement depend on the operator’s manual skills, 

leading to variability in treatment outcomes. ². Recent advancements aim to reduce human error by 

incorporating robotics and machine learning into clinical workflows. ³     

Robotic wire bending systems and automated bracket placement represent two major technological 

breakthroughs in this field. Together, they provide improved accuracy, efficiency, and patient comfort while 

enabling orthodontists to plan and execute treatments virtually before clinical implementation. ⁴ These 
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innovations are part of a broader trend toward digital orthodontics, which includes intraoral scanning, 3D 

imaging, and AI-based treatment simulation. ⁵     

     

2.Principles of Robotic Wire Bending     

    Robotic wire bending systems operate by translating digital prescriptions into precise mechanical 

movements. Using CAD/CAM technology, clinicians design ideal archwire forms based on 3D scans or virtual 

setups. ⁶ The robotic unit then bends nickel-titanium or stainless steel wires with exact angulations, avoiding 

human variability. ⁷     

A widely used system, the SureSmile® robot, utilizes high-precision actuators to reproduce digital archwire 

designs with an accuracy of ±0.1 mm. ⁸ Each bend is optimized for torque, angulation, and in-out movement 

according to the patient’s digital treatment plan. ⁹ This technology ensures that orthodontic forces are applied 

more efficiently, reducing the need for repeated adjust variability.     

 Robotic bending also allows the production of individualized archwires for each treatment stage—aligning, 

leveling, and finishing—based on predicted tooth movement models. ¹¹ Integration with AI algorithms further 

refines these designs by predicting biological responses and optimizing force distribution. ¹².     

     

3.Automated Bracket Placement: Concept and Workflow     

Automated bracket placement employs digital models and robotics to ensure precise bonding of orthodontic 

brackets. ¹³ Traditionally, bracket positioning is subject to human judgment and inconsistencies in vertical 

height, angulation, and torque. ¹⁴ Automated systems use 3D digital setups and computer-guided positioning 

to overcome these challenges. ¹⁵     

The process involves several stages:     

 Digital scanning of the patient’s dentition using intraoral or model scanners.     

 Virtual setup of tooth alignment and ideal bracket positions using software.     

 Generation of transfer trays or robotic placement jigs to place brackets with sub-millimeter accuracy. 

¹⁶     

 Indirect bonding using light-cured adhesive under guided placement.     

Some systems incorporate robotic arms that directly position brackets based on digital coordinates, further 

reducing human involvement. ¹⁷ These robotic systems rely on algorithms derived from AI and deep learning 

to identify the optimal bracket position for each tooth. ¹⁸     

     

4.Advantages of Robotic Wire Bending and Automated Bracket Placement The integration of robotics 

provides several benefits:     

 Precision and Reproducibility: Automated systems eliminate inter-operator variability, enhancing the 

accuracy of wire and bracket placement. ¹⁹     

 Reduced Treatment Time: Digitally designed archwires and consistent bracket placement reduce the 

number of adjustments required during treatment. ²⁰     

 Patient Comfort: Optimized forces and predictable tooth movements minimize discomfort and 

treatment duration. ²¹     

http://www.ijcrt.org/


www.ijcrt.org                                                    © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN: 2320-2882 

IJCRT2510563 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e806 
 

 Data Integration: Digital records and 3D imaging facilitate comprehensive treatment planning and 

monitoring. ²².     

 Improved Efficiency: Workflow automation reduces chairside time, increasing clinical productivity. ²³     

 Clinical studies have reported up to a 30% reduction in total treatment time when using robotic wire 

bending and digital bracket placement compared with conventional techniques. ²⁴     

     

5.Limitations and Challenges     

Despite promising results, several limitations persist. The high initial cost of robotic systems and software 

remains a major barrier to adoption. ²⁵ Moreover, training requirements and integration with existing clinical 

protocols can be challenging. ²⁶ The accuracy of automated systems depends heavily on the quality of 3D scans 

and data inputs. ²⁷     

Another concern is limited adaptability to clinical variables, such as patient growth, oral habits, and biological 

response variability. ²⁸ Additionally, reliance on proprietary systems may restrict customization and 

interoperability. ²⁹ Ethical considerations regarding data privacy and AI-driven treatment decisions are also 

emerging issues. ³⁰    

6.Future Directions     

 Future advancements will likely focus on AI-enhanced robotics, allowing adaptive responses to intraoral 

conditions in real time. ³¹ Integration with digital twin technology— virtual models continuously updated with 

patient data—could revolutionize treatment monitoring. ³². The development of smaller, chairside robotic 

systems may make these technologies more accessible to clinicians. ³³     

Furthermore, combining robotic wire bending with clear aligner planning systems could lead to hybrid 

orthodontic approaches that maximize both esthetics and biomechanics. ³⁴ Continuous learning AI algorithms 

could predict and correct minor misalignments automatically. ³⁵     

7.Clinical Implications     

Robotic orthodontics offers measurable clinical benefits, including reduced error rates and improved finishing 

quality. ³⁶ In complex malocclusions, digital planning ensures that forces are evenly distributed, minimizing 

unwanted tooth movement. ³⁷ Robotic systems may also enhance interdisciplinary collaboration by enabling 

prosthodontists and surgeons to work from shared digital models. ³⁸     

As digital workflows become mainstream, clinicians must adapt to a data-driven environment emphasizing 

precision and predictability. ³⁹ Incorporating robotics into everyday orthodontic practice may soon become 

standard for achieving high-quality outcomes. ⁴⁰     

8.Conclusion     

Robotic wire bending and automated bracket placement mark a paradigm shift in orthodontic practice. By 

integrating robotics, CAD/CAM, and AI, orthodontists can achieve unprecedented precision, efficiency, and 

patient satisfaction. Although challenges related to cost and training persist, ongoing technological evolution 

promises greater accessibility and adaptability. The future of orthodontics lies in fully automated, intelligent 

systems capable of personalized, data-driven treatment delivery.     
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