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	DESCRIPTION OF RESEARCH PROJECT:

A. Specific Aims and Objectives
This study aims to evaluate the influence of different post-processing techniques on the fit accuracy and passivity of 3D-printed ISFCDs. By comparing traditional subtractive manufacturing with various post-processing methods in additive manufacturing, this research seeks to determine whether post-processing techniques significantly affect the dimensional stability of 3D-printed ISFCDs. The findings will provide insights for optimizing digital fabrication protocols to enhance clinical outcomes.

Null Hypothesis:
Post Processing technique will not affect the fit accuracy or passivity of 3D Printed Implant supported Fixed Complete Denture (ISFCD).

B. Background, Significance and Innovation
The accuracy and passivity of implant-supported fixed complete dentures (ISFCDs) are critical factors influencing the long-term success of prosthetic rehabilitation. From a prosthetic standpoint, achieving a passive fit in an implant-supported fixed completed denture is essential to minimizing mechanical complications such as screw loosening, prosthetic fracture, and implant failure (Rutkunas, Larsson). A classification by Katsoulis et al.1defined passive fit as the maximal spatial congruency between the framework and implants, with gaps exceeding 100 microns deemed acceptable. Methods to evaluate misfits have been proposed, including but not limited to one-screw test, tactile assessment, and visual assessment.2 Since there are limitations with each evaluation method, this study will use a combination of techniques to evaluate framework fit of 3D printed ISFCDs. With the increasing adoption of digital workflows, 3D printing has emerged as a manufacturing technique for ISFCDs, offering advantages such as cost-effectiveness, efficiency, and customization.3 3D printing prototypes and provisional for ISFCDs have emerged in many digital workflows. Some of these prosthetics are manufactured and delivered to patients to be worn as immediate loaded provisional for several months.4,5 While they serve the patients during this time, there can be misfits introduced in the manufacturing process. Multiple studies compare additive manufacturing like 3D printing with subtractive manufacturing like milling.4,6,7 However, there are limited studies that examine the effect of the post-processing steps involved in additive manufacturing. The variations in post-processing may impact the final fit and passivity of the prosthesis.8

C. Approach
Experimental Study Design:

Reference Model fabrication:

A demonstration four-implant edentulous resin cast will be selected to fabricate the patient model. Four new open-tray impression posts (Institut Straumann AG) will be hand-tightened onto the abutment replicas according to the manufacturer’s instructions. The cast with impression posts will be scanned using a bench-top scanner (F8; 3Shape).
The resulting STL file will be imported into CAD software (Meshmixer; Autodesk Inc.) to design a uniform bar with holes around the impression posts. The STL file of the designed bar will then be exported and 3D printed using a digital light processing (DLP) printer (5100; NextDent). After printing, the supports will be removed, and post-processing will be performed according to the manufacturer’s instructions.
The finished bar will be invested in PVS to create a mold. After five minutes, the bar will be removed, and using the salt-and-pepper technique, auto-polymerizing resin (Pattern Resin LS; GC America) will be used to create a duplicate of the printed bar. The bar will then be stabilized on the model using a lab putty jig (Panasil Lab Putty; Kettenbach) and luted to the impression posts using the brush-bead technique.
Once fully set, the entire assembly will be scanned using a bench-top scanner (E4; 3Shape). The scan will be imported into CAM software (Dental Systems 2022; 3Shape) to design a custom open tray with tissue stops on the palate, which will then be 3D printed (Tray; NextDent, 3D Systems).
The printed custom tray will be post-processed according to the manufacturer’s instructions and painted with adhesive (Identium Adhesive; Kettenbach). After five minutes of drying, the custom tray will be loaded with heavy-consistency impression material (Identium Heavy; Kettenbach), while light-body impression material (Identium Light; Kettenbach) will be injected around the splinted impression posts and on the model. The tray will then be fully seated to form a custom impression of the resin model.
After five minutes, the impression posts will be unscrewed, and the tray will be removed in a sharp snap and boxed with lab putty. Abutment replicas will then be screwed into the impression posts, and a silicone releasing agent will be sprayed around the implant sites. Gingival masking material (Gingitech; Ivoclar Vivadent GmbH) will be injected around the implants.
Once fully set, a debubblizer (Smoothex; Whipmix Corp) will be sprayed on the impression, and Type IV dental stone (Silky-Rock; Whipmix Corp) will be mixed and poured according to the manufacturer’s instructions. After 24 hours, the impression posts will be unscrewed, and the cast will be separated from the impression, resulting in a replica of the resin model. This cast will serve as the reference model.

Virtual Model creation and ISFCD design:

To digitize the stone cast, four new scan bodies (CARES® Mono Scanbody; Institut Straumann AG) will be hand-screwed onto the abutment replicas according to the manufacturer’s instructions and scanned using a bench-top scanner with 4-micron accuracy (F8; 3Shape). The scanner will be calibrated before scanning, in accordance with the manufacturer’s instructions.
The scans will be imported into CAD software (Dental Designer 2022; 3Shape), where an ISFCD (implant-supported fixed complete denture) with both the teeth and gingival portion (FP3) will be designed to fit directly over the multi-unit abutments. The STL file of the prosthesis will then be exported twice, once with subtractive manufacturing settings, and once with additive manufacturing settings.

Sample Size and Grouping:

The study workflow will be presented in a flowchart. In this in vitro study, a total of 30 implant-supported fixed complete dentures (ISFCDs) will be divided into three groups based on the manufacturing technique. Group 1 – Milled (M, n=10), Group 2 – 3D Printed with normal post-processing (Pn, n=10), Group 3 – 3D Printed with ISFCD screwed to the model during post-processing (Ps, n=10). 

Subtractive manufacturing of ISFCD:
For Group 1 (M):
STL files with subtractive manufacturing settings will be imported into CAM Software (MillBox, version 2023.08; CIMsystem, 2023). Two ISFCD will be nested per disc. A 20mm polymethylmethacrylate (PMMA) disc (Temp Esthetic; HarvestDental) will be loaded into a 5-axis milling machine (DWX-53DC; Roland DGA) for manufacturing, resulting in a total of 10 milled ISFCD. These will serve as control Group

Additive manufacturing of ISFCD:
The STL file with additive manufacturing settings will be imported into CAM software (RayWare; SprintRay). The ISFCDs will be nested at a 45-degree angle according to the manufacturer’s instructions. A DLP printer (Pro55s; SprintRay) will be used, utilizing fixed hybrid denture resin (OnX Tough2; SprintRay). This will result in a total of 20 ISFCDs, divided into 2 groups (n=10).

For Group 2 (Pn):
Ten ISFCDs will be removed from the platform with the supports still attached. Post-processing and final curing will be carried out as usual while the prosthesis remains connected to the supports. After final curing, the supports will be cut.
For Group 3 (Ps):
Ten ISFCDs will be removed from the platform, and the supports will be cut. Post-processing will begin without the supports in place, and final curing will be performed while the prosthesis is screwed onto the reference cast.

Assessing Fit and Passivity:
To assess the fit and passivity of the implant-supported fixed complete denture (ISFCD), the Triple Scan Technique8 will be used to digitally evaluate the three-dimensional (3D) accuracy of fit. The reference model will be scanned separately, each ISFCD will be scanned individually, and each ISFCD will also be scanned while seated on the reference model using the one-screw test.9,10 All scans will be performed using a desktop scanner (F8; 3Shape) to ensure precision.
The three STL files will then be imported into reverse engineering software (Geomagic; 3D Systems) and aligned using a best-fit algorithm. The STL files will be superimposed, and the fit discrepancy will be analyzed and recorded within the software to assess the accuracy of the ISFCDs.

Statistical Analysis:

The accuracy of fit will be summarized by reporting the means and 95% confidence intervals for each technique. A one-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.



D. 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 ISFCDs through additive manufacturing. Additionally, I will have the opportunity to collaborate with undergraduate 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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Budget Form:

	Item
	Usage
	Quantity
	Total cost

	Isopropyl Alcohol
	Post processing prints
	1 bottle (5L)
	235.00

	Dess Screws
	Screw directly to MUA
	2x 10
	364.00

	Dess Screwdriver
	Screws screwdriver
	
	182.00

	Temp Fix
	PMMA for milling control group
	8 disks
	435.92

	SprintRay Pro S Arch
	Resin tank and platform for printing ISFCD
	1 Tray, 1 Platform
	1,259.11

	OnX tough 2
	Resin for printing ISFCD
	1 L
	651.44

	Geomagic software
	Software to analyze results (will split cost between 2 studies)
	1/3
	1,812

	
	
	
	4938.55
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