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Research Plan Format

	DESCRIPTION OF RESEARCH PROJECT:

· Specific Aims and Objectives
This study aims to evaluate and compare the effects of different impression techniques, manufacturing methods, and their interaction on the fit accuracy of digitally designed occlusal guards.

· Background, Significance and Innovation
Occlusal devices—also known as occlusal guards, night guards, or occlusal splints—are frequently recommended as a preventive or therapeutic measure in comprehensive dental treatment.1,2,3 Night guards help prevent tooth wear and prosthetic material failure associated with sleep bruxism by providing a physical barrier against excessive frictional forces.1,4 Additionally, occlusal splint therapy is commonly used in the management of temporomandibular disorder symptoms.2 Occlusal splints also serve as a diagnostic tool for evaluating a patient’s vertical dimension of occlusion in a reversible manner, allowing clinicians to assess potential treatment modifications before initiating permanent changes.3,5
Traditionally, impression materials have been used to capture intraoral structures, aiding in diagnosis and prosthetic fabrication. Commonly used materials include hydrocolloids, polyethers, and elastomeric compounds.6 Understanding the limitations of these materials is crucial: hydrocolloids, such as alginate, have low tear strength and must be poured promptly to prevent distortion;7 polyethers, while highly accurate, are expensive, rigid, and can be challenging to remove from the mouth once set;6 and elastomeric impression materials like polyvinyl siloxanes are hydrophobic, requiring meticulous moisture control, which can be difficult to achieve intraorally.8
Fabricating dental prosthetics, including occlusal devices, requires a thorough understanding of the materials and laboratory procedures involved. Gypsum products, commonly used for master and working casts, are subject to immediate and delayed dimensional changes.9 Acrylics, frequently used in the fabrication of dentures and occlusal devices, undergo polymerization shrinkage at varying rates depending on the processing method.10
Digital dentistry has significantly transformed clinical and technical dental workflows. Intraoral scanners offer a more comfortable alternative to traditional impressions.11 However, their accuracy and reliability vary based on factors such as scanner type, user experience, and scanning angle.12 Computer-aided design and computer-aided manufacturing (CAD/CAM) technology has further revolutionized the production of dental prosthetics. Subtractive manufacturing, or milling, involves removing material from a solid block to achieve the desired shape, while additive manufacturing, or 3D printing, builds objects layer by layer.13 CAD/CAM techniques enhance precision, improve workflow efficiency, and ensure consistent quality and reproducibility, though ongoing research is needed to optimize emerging technologies.14
The integration of both analog and digital workflows is becoming increasingly common in modern dental practices.15,16 This study aims to evaluate the use of conventional impression techniques and intraoral scanning in the design and fabrication of both milled and printed occlusal guards. By assessing the accuracy of these methods, the study seeks to provide insights into how digital and conventional approaches can be effectively integrated to enhance clinical workflows.
· Approach
Experimental Study Design:

Reference Model fabrication:
A fully dentulous maxillary typodont will be selected and scanned using a desktop scanner (F8; 3Shape, Copenhagen, Denmark). The resulting Standard Tessellation Language (STL) file will be exported and imported into CAM software (MillBox, version 2023.08; CIMsystem, 2023). A 25 mm zirconia disc (IPS e.max ZirCAD Prime; Ivoclar Vivadent) will be loaded into a 5-axis milling machine (DWX-53DC; Roland DGA) for fabrication. Following milling, the model will be sintered in a sintering oven (Programat Sinter Furnace S2; Ivoclar Vivadent) following manufacturer instructions. This process will produce a zirconia replica of the typodont, which will serve as the reference model.

Sample Size and Grouping:
The study workflow will be illustrated in a flowchart. In this in vitro study, a total of 60 occlusal guards will be evaluated and categorized into three groups based on the impression technique: Group 1 – Alginate Impression (A, n=20), Group 2 – Polyvinyl Siloxane (PVS) Impression (P, n=20), and Group 3 – Intraoral Scan (S, n=20). Each group will be further subdivided into two subgroups (n=10) based on the manufacturing method: Subtractive Manufacturing (m, n=30) and Additive Manufacturing (p, n=30). This results in six subgroups: Am (n=10), Ap (n=10), Pm (n=10), Pp (n=10), Sm (n=10), and Sp (n=10).

Virtual Model creation:
For Group 1 (A):
Ten alginate impressions (Jeltrate Plus; Dentsply Sirona) in stock trays will be recorded of the reference model. Impressions will be poured in type III dental stone (Microstone; Whipmix Corp.)  within 5 minutes of separation to create stone casts (n=10), following the manufacturer instructions. To create a virtual model in STL format, the casts will be scanned using a desktop scanner (F8; 3Shape, Copenhagen, Denmark). 

For Group 2 (P):
Ten single-step, double-mix polyvinylsiloxane (PVS) impressions (Heavy and Light body Aquasil Ultra; Dentsply Sirona) in a custom tray will be recorded of the reference model. Impressions will be poured in type III dental stone (Microstone; Whipmix Corp.)  within 5 minutes of separation to create stone casts (n=10), following the manufacturer instructions. To create a virtual model in STL format, the casts were scanned using a desktop scanner (F8; 3Shape, Copenhagen, Denmark). 

For Group 3 (S):
Ten digital impressions with an intraoral scanner (IOS) (Trios 5; 3Shape A/S) of the reference model will be recorded, and scans will be exported in STL format.

Digital Occlusal Guard Design
A total of 30 STL files from all three groups will be imported into CAD software (Unite Splint Studio; 3Shape A/S). Each STL file will be used twice—once with Additive Manufacturing settings (n=30) and once with Subtractive Manufacturing settings (n=30)—resulting in six subgroups, with 10 STL files per subgroup. The occlusal guard designs will be exported in STL format for manufacturing.

Subtractive Manufacturing:
A total of 30 STL files with subtractive manufacturing settings will be imported into CAM Software (MillBox, version 2023.08; CIMsystem, 2023). Two occlusal guards will be nested per disc. A 20mm polymethylmethacrylate (PMMA) disc (Polysplint; HarvestDental) will be loaded into a 5-axis milling machine (DWX-53DC; Roland DGA) for manufacturing, resulting in a total of 30 milled occlusal guards, with 10 per subgroup

Additive Manufacturing:
A total of 30 STL files with additive manufacturing settings will be imported into CAM Software (RayWare, SprintRay). Occlusal guards will be nested at a 45-degree angle according to manufacturer’s instructions. Post-processing protocols will be followed as per the manufacturer’s guidelines, resulting in a total of 30 printed occlusal guards, with 10 per subgroup.

Assessing Fit:
To assess the fit of the occlusal guards, the Triple Scan Technique (Holst et al., 2011) will be used to digitally evaluate the three-dimensional (3D) accuracy of fit. The reference model will be scanned separately, each occlusal guard will be scanned individually, and each occlusal guard seated on the reference model will also be scanned. All scans will be performed using a desktop scanner (F8; 3Shape, Copenhagen, Denmark).
The three STL files will then be imported into reverse engineering software (Geomagic; 3D Systems) and aligned using a best-fit algorithm. All three STL files will be superimposed, and the fit discrepancy will be analyzed and recorded within the software.
Statistical Analysis:

The accuracy of fit will be summarized by reporting the means and 95% confidence intervals for each technique. A two-way ANOVA will be used to analyze the data, assessing the effects of impression technique and manufacturing method on fit accuracy. Pairwise comparisons will be conducted using the Tukey HSD test to identify any statistically significant differences between the compared pairs, with an overall alpha level of 0.05 when the degrees of freedom exceed one.


· Goals
Upon completing this research, I will be able to establish my own line of research at the University of Louisville School of Dentistry. This grant will enable me to conduct the study by providing access to the necessary materials for fabricating Digital Occlusal Guards through additive and subtractive manufacturing. Additionally, I will have the opportunity to collaborate with Postgraduate students, allowing them to gain hands-on research experience that is not widely available. My aim is to highlight the significance of research and inspire them to pursue careers in the field.

The objective of this research is to be published in a high-impact journal, such as The Journal of Prosthetic Dentistry or The Journal of Prosthodontics, given the innovative data that will be gathered. Furthermore, it will equip me, as a principal investigator, with the expertise to apply for both internal and external grants that align with my research focus. Ultimately, my primary goal is to contribute to research at ULSD and to showcase the groundbreaking work being conducted at the institution on a global scale.
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Supplies and Materials

	Item
	Usage
	Quantity
	Total cost

	Poly Splint
	PMMA for milling control group
	2 disks
	105.98

	Pro55s Resin tank
	Resin tank for printing Occlusal Gaurds
	1 Tray
	309.00

	Keysplint Hard Clear
	Resin for printing Occlusal Guards
	1KG
	442.00

	Geomagic software
	Software to analyze results (will split cost between 2 studies)
	2/3
	3,623.00

	
	
	
	4479.00




Additional Costs

	Item
	Usage
	Total cost

	2026 IADR/AADOCR/CADR
General Session & Exhibition
	Registration fee (675.00 - The remaining will be from out-of-pocket)
	500.00

	
	
	500.00




Total budget requested: 4979.98
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