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Abstract

Current dental cleaning procedures require the use of two separate components: a disposable prophy angle and a container of dentifrice. Dental professionals must manually load the dentifrice into the prophy cup several times throughout the course of the cleaning. This process can be simplified and made more efficient through the use of a prophy angle that automatically dispenses dentifrice while in use. Such a tool would allow dental professionals to clean patient’s teeth in one continuous process, saving time and reducing the materials used. It enables easier cleaning in hard to reach areas, and has the potential to reduce packaging materials used and sterilization processes required. The most significant design hurdle has been in characterizing the dentifrice and determining parameters for it to flow. As a two-phase visco-elastic abrasive mixture, dentifrice is more solid than liquid. This limits dispensation mechanisms to augers and requires that the flow path not be constricted in any way. Initially two dispensation designs were investigated: one that dispenses dentifrice at a constant flow rate, and one that has a user-controlled, variable flow rate. After preliminary testing, it was determined that the rotational velocity of the handpiece is too high to be used to dispense dentifrice at a gradual, constant flow, and thus a user controlled design was used. This design was accomplished by using a clutch or brake mechanism combined with a spring, acting as an auger, that is contained within a reservoir of dentifrice. The mechanism causes either the spring or reservoir to rotate relative to the other, driving the dentifrice out of the reservoir. Throughout this process, the prophy angle can remain in the patient’s mouth until the cleaning is complete.
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The Need for Project 

	The current dental cleaning procedure can be simplified and made more efficient through the use of a prophy angle that dispenses paste automatically.

	The current dental cleaning procedure requires the use of a prophy angle that must manually and continuously (up to 32 times per cleaning) be loaded with dentifrice (cleaning paste). This process could be made more efficient and simplified through the use of a prophy angle that automatically dispenses dentifrice while in use. Such a tool would allow hygienists to clean their patient’s teeth in one continuous process, saving time and reducing the materials used. Furthermore, it facilitates cleaning in hard to reach areas, and has the potential to reduce packaging materials used and sterilization processes required. 




The Design Project Objectives and Requirements

	The goal of this project was to create a prophy head with the ability to dispense dentifrice while still compatible with current equipment.
	Design Objectives
The design must interface with standard low speed dental hand pieces to be a direct replacement to current designs. It must dispense dentifrice in a controlled manner, allowing the hygienist to perform the cleaning without excess unused paste or running out of paste, requiring replacing the head. The hygienist should be able to go from start to finish without any interruptions. The size of the auto-dispensing prophy angle should be similar to current designs to ensure that the hygienist will be able to reach all areas of the mouth without difficulty.
Design Requirements

All disposable prophy angles must adhere to the requirements stipulated in ADA/ANSI Spec 85. This spec details specific dimensions for the interface between the prophy angle and hand piece. (Rep. 3.1.5) The volume content of the standard cup of dentifrice is 1.2ml. To provide the hygienist with the same amount of paste, this volume must be enclosed within the prophy angle. The approximate dimensions of current designs are 46mm high with base diameter of 10.8mm and a head diameter of 8.4mm. This creates a total usable volume of about .942ml for current design, not including the gears and drive shafts. The design must not deviate significantly from these dimensions to maintain ergonomics and ease of use. 



Design Concepts Considered 
	Several concepts were explored, resulting in two iterations of the final design that were pursued.
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 Rifled Flexible Shaft Concept

 
	Initial concept developments made it evident that three primary systems must exist in an auto-dispensing prophy angle: a dispensation mechanism, a drive mechanism, and a storage reservoir. Multiple concepts were considered and were narrowed down through the use of a design matrix (Rep 3.7). After preliminary testing, the top design choice, which employed a rifled flexible shaft that integrated the three systems into one, was invalidated. The secondary design evolved into a combination of concepts from which two iterations were created. Both iterations utilize a gear driven prophy head that utilizes a clutch or braking mechanism to allow the user to control the flow rate of dentifrice. Due to the material properties of dentifrice, one iteration employs a straight flow path, while the other utilizes a bent flow path to increase the volume of the reservoir. 


Recommended Design Concept

	An internal spring acts as an auger, rotating only when engaged by the clutch and driving the dentifrice through a constant-diameter flow path.
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Final Design (Bent Flow-Path)
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Final Design (Straight Flow Path)
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Auger Concept Test Setup
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SLA Prototype - Straight Flow
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SLA Prototype –Bent Flow


	Design Description
The final design choice entails an internal auger system activated by a clutch. The clutch is engaged when the user slides the clutch control against the rotating bottom half and forces it up to engage the stationary top half which is connected to a spring. The spring acts as the auger and begins to rotate, driving the dentifrice paste up the path of the tube and out of the prophy head only while the clutch is engaged. The path of the tube was carefully designed to minimize pressure losses due to the bend and is the same diameter as the orifice exit diameter, allowing a continuous flow and minimal back pressure. 
Analytical Investigations

Characterizing and quantifying the fluid properties of the dentifrice was the most significant challenge of this project. The paste does not flow through a tube by conventional means because it is a two phase visco-elastic mixture. Using the maximum possible linear velocity through the tube as the product of the spring pitch and rotational velocity, the Reynolds number of the dentifrice is much less than 1. This implies that its flow characteristics are essentially those of a solid. 
To move the dentifrice, pressure is generated by the rotation of the auger and thus creates a differential between the pressure in the reservoir and that at the exit. Bernoulli’s equation implies that the exit pressure is related to the difference in the square of the initial and exit velocities which are directly proportional to the initial and exit areas.  From initial designs, with the flow encountering a reduced orifice diameter at the exit, the pressure buildup at the orifice was too high for the dentifrice to flow compared to the initial pressures generated by the auger due to viscous forces and bridging of the dentifrice (Rep 3.4). With the constraint that the exit diameter must fit within the prophy cup, it was impossible to create an initial area to meet volume requirements without significantly elongating the prophy angle and changing the ergonomics. As such, volumetric requirements became a lower design priority for the sake of proving the concept.  Test results verified this analysis as the dentifrice flowed initially, but quickly started bridging, occluding the exit. As a result, the final design maintains a constant diameter.
Experimental Investigations
A series of tests were performed in order to assess the feasibility of using a spring based auger system. The linear spring test was performed for both coarse and medium grit dentifrice in a controlled environment. The test setup consisted of a stationary tube packed with dentifrice, a spring in the tube, and a Dremel tool to simulate the torque and power of a doriot hand piece. The experimental variable was the pitch of the spring. It was concluded that all three springs were able to move both the coarse and medium paste. However, the lowest pitch spring created the highest force and most predictable behavior based from the linearity of the data points (Rep. 3.2). 
An orifice constriction test was conducted to investigate how a reduction in area influenced the flow of the paste. The reduction in area for this test was the ratio between the inside diameter at the syringe tip to the inside diameter of the syringe body. At the smallest tested reduction factor of only 1.035 (1 being no reduction), only 13% of the overall test volume was ejected. This occurred because of bridging, where the mineral particles in the dentifrice paste interlocked at the orifice and formed an occlusion. From this test, it was concluded that the final prophy design must have minimal or no reduction in area (Rep. 3.4)
Other testing was performed, which concluded that the dentifrice will transport in a bent flow path (Rep. 3.5).  Another test concluded that the use of a plunger to move dentifrice will not work (Rep. 3.3).
Key Advantages of Recommended Concept

The final design meets many of the design goals in that it stores the dentifrice paste in a reservoir, has a working rotating prophy cup to polish teeth, and has a controllable method to deliver the paste. Key benefits of an auto-dispensing design are a reduction in total procedure time and ergonomic enhancements due to use of a lower motion class.
The final design choice offers several benefits compared to the other concepts considered. The auger is able to move the dentifrice efficiently and in a controlled manner from the reservoir to the orifice.  The clutch enables the user to control the rate of dispensation through the use of a simple sliding finger movement. The major advantage of this concept is the likeness this design has to current on the market prophys.  The entire assembly fits together within the tight size constraints governed by current on the market prophy angles, which means the final design choice is likely to be accepted by hygienists.   



Financial Issues 
	For an auto-dispensing prophy angle to replace current designs, it is necessary to maintain a low cost. However, it is inevitable that costs will increase with a more complex design.
	At a combined cost of approximately $0.40 for the dentifrice and prophy angle, it is impossible to manufacture a more complex design at a lower cost. While the benefits will justify a slightly higher cost, an auto-dispensing prophy angle must still be cheap enough to appeal to dental professionals. Although prototyping has been difficult and relatively expensive as parts could not be injection molded, high volume production is expected to decrease costs sharply. 



Recommended Improvements 
	The biggest design improvement lies in the ability to better characterize dentifrice and determine if its material properties can be altered to achieve more desirable flow characteristics.
	The most difficult segment of the design process has been in the quantitative characterization of the dentifrice. Considered a solid, it is very difficult to transport in a confined space. Key design improvements could be made if the behaviors and characteristics of this substance were further investigated to include different brands and grit sizes. This may eliminate design constraints or potentially make a case for the manufacture of a new type of dentifrice that flows more easily while maintaining cleaning effectiveness.
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