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Abstract

Bruxism is a common parafunctional activity that can lead to significant dental wear, temporomandibular joint
(TMJ) disorders, and orofacial pain. Occlusal guards have long been a preferred treatment option, and recent
advancements in 3D printing technology have revolutionized their fabrication. This review explores the
application of 3D printing in occlusal guard fabrication, analysing its advantages over conventional methods,
material advancements, and clinical outcomes. The integration of digital workflows in designing and
manufacturing custom occlusal guards improves precision, efficiency, and patient-specific customization.
Additionally, case studies and images are presented to illustrate the clinical benefits of 3D printed occlusal guards
in bruxism management.

Keywords: 3D printing, occlusal guards, bruxism, digital dentistry, CAD/CAM, TMJ disorders, custom dental
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1. Introduction

Bruxism, characterized by excessive clenching or grinding of teeth, can lead to significant damage to the dentition
and temporomandibular joint!. Traditionally, occlusal guards have been fabricated using conventional techniques
such as heat-cured acrylic resins or vacuum-formed splints. However, with the advent of digital dentistry, 3D
printing has emerged as a superior method for producing custom-fitted occlusal guards with enhanced accuracy
and efficiency?.

Bruxism can lead to various oral complications, including tooth wear, muscle pain, temporomandibular joint
disorders (TMD), and headaches®.
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Tooth Wear: Bruxism can cause significant wear and tear on tooth enamel, leading to flattened surfaces, chipped
edges, and even fractures. This can compromise the integrity of the teeth and increase their susceptibility to decay
and sensitivity.

Image 1: Tooth wear

e Muscle Pain: The repetitive muscular contractions associated with bruxism can lead to pain and
discomfort in the jaw muscles (masseter, temporalis, and pterygoid muscles), as well as neck and shoulder

pain.

A
Image 2: Radiation of Muscle Pain

e Temporomandibular Joint Disorders (TMD): Bruxism can contribute to the development of TMD, a
group of conditions that affect the temporomandibular joint, the joint that connects the jaw to the skull.
Symptoms of TMD can include jaw pain, limited jaw movement, and headaches.

e Headaches: Bruxism can trigger or exacerbate headaches, particularly tension headaches.

e Sleep Disturbances: Nighttime bruxism can disrupt sleep patterns, leading to insomnia, fatigue, and
daytime drowsiness. This can have a significant impact on an individual's overall well-being and daily

functioning.
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e Psychological Impact: Bruxism can have a significant psychological impact, leading to anxiety, stress,
and frustration. The constant awareness of teeth grinding or clenching can create significant mental and

emotional distress.

Occlusal guards have been the mainstay of bruxism treatment, aimed at dissipating excessive forces and

protecting dental structures®.

2. Limitations of Traditional Occlusal Guards

Traditional occlusal guards are often fabricated using stock or custom-made techniques. However, these methods

may have limitations, such as:
2.1 Stock Guards:
e Limited Customization: Stock guards are pre-made and offer minimal customization to fit individual
oral anatomy. This can lead to poor fit, discomfort, and reduced effectiveness.

o Limited Protection: Due to their standardized design, stock guards may not adequately protect all teeth

from the forces of bruxism.

Image 3: Stock Guards
2.2 Custom-Made Guards:

e Inaccurate Fit: Traditional custom-made guards rely on physical impressions, which can be prone to

inaccuracies. These inaccuracies can result in poor fit, discomfort, and reduced effectiveness.
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o Limited Design Complexity: Complex designs and features, such as areas of increased thickness or
specific contours to guide jaw movements, can be difficult or impossible to achieve with traditional
fabrication techniques.

e Time-Consuming: The traditional process of taking impressions, fabricating the guard in a dental

laboratory, and adjusting the fit can be time-consuming for both the dentist and the patient.

Image 4: Custom made guards

3. 3D Printing Technology in Prosthodontics

3D printing, also known as additive manufacturing, has revolutionized various fields, including dentistry and
prosthodontics. This technology enables the fabrication of three-dimensional objects from a digital design by

adding successive layers of material®.
Key advantages of 3D printing in prosthodontics include:

o High precision: 3D printers offer exceptional accuracy and detail, allowing for precise replication of

anatomical structures.

o Customization: 3D printing facilitates the creation of highly personalized devices tailored to individual

patient needs and anatomy.

o Complex geometries: 3D printing enables the fabrication of intricate and complex designs that would be

challenging or impossible to achieve with conventional methods.

e Reduced fabrication time: 3D printing can significantly reduce the time required for fabrication

compared to traditional techniques.

4. 3D-Printed Personalized Occlusal Guards
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3D-printed occlusal guards offer several potential advantages over traditional approaches:

4.1 Improved Fit:

o Digital impressions and 3D modelling allow for highly accurate representation of the patient's oral
anatomy. This results in improved fit and retention of the guard, minimizing discomfort and maximizing
its effectiveness.®

« Intraoral scanners can capture highly detailed digital impressions of the patient's teeth and jaw, providing

a more accurate representation than traditional physical impressions.

4.2 Enhanced Comfort:

« Personalized designs can optimize comfort by accommodating individual oral features and bite patterns.
« 3D printing allows for the creation of custom contours and thicknesses to ensure a comfortable fit for each

patient.
4.3 Tailored Functionality:

« 3D printing enables the incorporation of specific design features to address individual patient needs. These
may include:
o Areas of increased thickness to dissipate forces more effectively.
o Specific contours to guide jaw movements and reduce clenching or grinding.

o Incorporating features to improve breathability and reduce discomfort during sleep.

4.4 Improved Aesthetics:

o 3D-printed guards can be fabricated with improved aesthetics and translucency, making them more

discreet and comfortable for patients.
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4.5 Material Efficiency:

e 3D printing minimizes material waste and allows the use of biocompatible resins with enhanced

mechanical properties ’.

4.6 Time Efficiency:

e Digital workflows reduce the turnaround time, as occlusal guards can be printed within hours instead of
days®.

Figl: 3Dprinted occlusal guard compared to a traditional stock guard

5. Materials used in 3D Printed Occlusal Guards

Modern 3D printing resins used for occlusal guards are designed for durability, biocompatibility, and flexibility.
Commonly used materials include:

o Photopolymer resins: These materials offer a high degree of hardness while maintaining shock-
absorbing properties®.

« Thermoplastic resins: Provide flexibility and enhanced comfort for patients with severe bruxism.’.

o Bioactive materials: Newer materials incorporating antimicrobial properties help in maintaining oral

hygiene and prolonging appliance longevity°.
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6. Digital Workflow in Occlusal Guard Fabrication

The integration of CAD/CAM and 3D printing in occlusal guard fabrication follows a streamlined digital

workflow:

1. Intraoral Scanning: Capturing the patient’s dentition digitally eliminates the need for traditional
impressions.

2. Digital Design (CAD): Software such as Exocad or 3Shape is used to design the occlusal guard with
precise occlusal adjustments.

3. 3D Printing: The finalized design is sent to a 3D printer, where a resin-based material is used to create
the occlusal guard.

4. Post-Processing: The printed guard undergoes curing, polishing, and final adjustments before patient

delivery.

5. Clinical Implications
The use of 3D-printed personalized occlusal guards may have significant clinical implications:

o Improved treatment outcomes: Enhanced fit, comfort, and functionality may lead to improved patient

compliance and better treatment outcomes.

e Reduced treatment time: 3D printing can potentially streamline the fabrication process, reducing

treatment time and improving efficiency.

o Enhanced patient satisfaction: Customized and aesthetically pleasing guards may enhance patient

satisfaction and improve their quality of life.!!

e Potential for new treatment modalities: 3D printing may enable the development of novel occlusal

guard designs with advanced features, such as:

1. Integrated sensors for monitoring bruxism activity.

2. Incorporation of therapeutic agents, such as medications or relaxation aids.

3. Customized designs for specific bruxism patterns, such as those associated with sleep apnea or
TMD.

6. Future Trends, Limitations and Challenges
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The future of 3D printed occlusal guards includes advancements in Al-driven design optimization, smart materials
that adapt to bite forces, and integration with wearable technology for bruxism monitoring. However, challenges

such as cost, printer calibration accuracy, and long-term material performance still need further research.

Despite the promising potential, several limitations and challenges associated with 3D-printed occlusal guards

need to be addressed:

Cost: 3D printing technology and materials can be relatively expensive, potentially increasing the cost of

treatment.

Accuracy and reliability: The accuracy and reliability of 3D-printed devices depend on the quality of

the digital models, printing parameters, and post-processing techniques.

Clinical validation: Further clinical research is needed to evaluate the long-term efficacy and durability

of 3D-printed occlusal guards.

Regulatory considerations: The regulatory framework for 3D-printed medical devices is still evolving,

and specific guidelines for occlusal guards may be required.

Future research and development in this area should focus on:

Cost-effective 3D printing technologies: Exploring more affordable 3D printing materials and

techniques to reduce treatment costs.

Standardization of protocols: Developing standardized protocols for digital impression acquisition, 3D

model design, and printing parameters to ensure consistent and reliable outcomes.

Integration of advanced technologies: Investigating the integration of advanced technologies, such as

artificial intelligence and machine learning, to optimize guard design and personalize treatment.

Long-term clinical studies: Conducting long-term clinical trials to evaluate the long-term efficacy,

durability, and patient satisfaction with 3D-printed occlusal guards.

8. Conclusion

3D-printed personalized occlusal guards represent a promising paradigm shift in bruxism management. By
leveraging the advantages of 3D printing technology, clinicians can fabricate highly customized and effective
devices that address the unique needs of each patient. While challenges remain, ongoing research and
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development in this area have the potential to revolutionize bruxism treatment and improve the oral health and

quality of life for countless individuals.
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