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Specific Aims
· Specific Aim 1:  Design a tooth guard to slip over the laryngoscope blade to minimize damage to the teeth during intubation

· Maintain the current blade and handle design  

· Use a less abrasive material to cover the blade 

· Maintain enough visibility and lighting during the  process 

· Specific Aim 2: Pick a soft elastic material to make the tooth guard. 

· Specific Aim 3: Fabricate device in sufficient quantity to support testing       

· Specific Aim 4:  Test Device in vitro 
Our project is the designing of a tooth guard.  The purpose of our design is to slide it over the blade in order to protect the teeth during the intubation process.  We plan on using a soft elastic material for the tooth guard. It must increase the surface area in contact with the teeth in order to distribute the force among many teeth and reduce the force on just one.  It must be strong enough to protect the teeth during the intubation process.  
Significance

Orotracheal intubation by direct laryngoscopy is the definitive method of airway management in critically ill and injured patients, as well as patients undergoing all types of surgery in which general anesthesia is used.  Orotracheal intubation is performed 500,000 times daily worldwide (4).  Intubation is performed by anesthesiologists, nurse anesthetists, emergency medicine and critical care physicians, dentists and maxillofacial surgeons, and in the out-of-hospital setting by paramedics. All of these types of caregivers would be target customers.  The marketplace for this new device is every operating room, emergency department, intensive care unit, and every ambulance in the world. 
Dental injury is the most common legal complaint against anesthesia providers (33%-38%) (1,2).  The left maxillary central incisor is most at risk for damage (51%) and most tooth damage occurs to one tooth at a time, with only 13% of damages occurring to more than one tooth (1,2).  Tooth damage is five times more likely to occur with a pre-existing dental condition such as dental caries, periodontal disease, dental restorations (caps, crowns, bridges, etc …), and chipped, cracked, and brittle teeth (1, 2).  Oral cavity damage during intubation does not usually lead to law suits, but additional costs due to future dental work are usually compensated.  Tooth replacement costs anywhere from $800 - $1200 per tooth for a removable prosthetic to $1800 - $2400 per tooth for a bridge (5).  Fixing a chipped tooth ranges from $200 for a filling to $700 for a crown (6).  Dental compensation costs an average of $1,672 ± $2,378 (1, 2).  
The tooth guard made for the laryngoscope blade would minimize tooth damage.  Tooth damage is caused by the laryngoscope user applying a force to the teeth and jawbone.  This force is needed to provide leverage due to the faults in the existing design.  A soft elastic material would provide protection for the teeth when using the hard metal blade in a crowbar like motion.  

When opening the airway with the hard metal blade, the tooth guard would supply protection for the teeth and distribute the force in order to prevent damage.  This procedure would then lessen damage to the teeth and prevent further discomfort.  This would reduce the need for dental care compensation and any additional minor surgeries to fix tooth damage.   
Research Methods
Specific Aim 1: Design a mouth guard to slip over the laryngoscope blade to minimize damage to the teeth during intubation

Our first task is to develop an appropriate design for the tooth guard.  By developing three different SolidWorks models, we will determine which design was the best shape to determine an appropriate design for the guard.  We want to maximize surface area in order to have maximum exposure of the teeth to the tooth guard but still keep the amount of material at its minimum.    

Specific Aim 2: Pick a soft elastic material to make the tooth guard.  
By evaluating the material of current mouth guards, we will find a material that is strong enough to protect the teeth, while also being less abrasive on the teeth.  It will also be determined based on the price of manufacturability.    

Specific Aim 3: Fabricate a sufficient number of devices for testing.

Once we have a final prototype we can machine it by sending our model to an online manufacturing company (quickparts.com), receive a quote and manufacture our prototype.  

Specific Aim 4:  Test Device in vitro 

We will determine the force needed to break a tooth without the guard, and then find the force required to break a tooth with the guard.  We will determine these forces by using a force transducer.  First we will obtain two models of the lower jaw and glue them onto a piece of wood.  That piece of wood will be attached to another piece of wood by a hinge.  The piece of wood that does not have the jaw will be stabilized while the wood with the jaw will be in contact with the force transducer.  The tip of the force transducer will be in contact with the wood near the maxillary incisors.  Then a force applied by the user acting in a pivoting motion with the laryngoscope blade will be determined.  This will occur with and without the tooth guard to determine if the force required to break the teeth was decreased due to the increased surface area in contact with the teeth.
Testing

To test our tooth guard we obtained two models of the upper jaw from the Wiser center. The teeth on the jaws were all joined together as one mold, so the sides of the maxillary incisors were shaved down using a razor blade. The jaw molds were then attached to a piece of wood using super glue and a screw. The wood was attached to another piece of wood by a hinge so that the mold could pivot while the force transducer was placed underneath it. The force transducer was placed under the upper maxillary incisors, the teeth that are most at risk for damage during laryngoscopy.  We first attempted to break one set of model teeth without the guard and one set with the guard using a pivoting motion mimicking current intubation technique. We were unable to break the teeth when the guard was used, so we broke all four incisors without the guard in order to obtain as much data as possible. We did this for four trials.  Next we drilled out the broken teeth and inserted human teeth obtained from the University of Pittsburgh Dental School. When we tried to break the human teeth we ended up breaking the jaw mold first and were unable to obtain any usable data.
Results

We expect to see a larger force needed to be placed on the teeth in order to fracture them with the tooth guard on due to the increase in surface area.  This would spread the force over more teeth without centralizing the force on one tooth, therefore reducing damage to the teeth during intubation.  The results from our testing showed that without the guard the model teeth broke with an average force of 203.6 N. When the guard was used we were unable to break any model teeth. Although these were model teeth and not human teeth, we were able to show that when the guard is used it spreads the force out over more teeth. By spreading the force over more than one tooth it becomes less likely to fracture a tooth. Since multiple tooth fractures occur in only 13% of all fracture cases, we consider our guard a success (1, 2). 
More testing would be needed if we were ever to try and market this product. We would need to conduct clinical trials to make sure there was still sufficient visibility and room to intubate. We also would need results when testing on human teeth with and without pre-existing dental work. 

	Trail
	Force Required to Fracture Without Guard (N)
	Force Required to Fracture With Guard (N)

	1
	221
	No Fracture

	2
	211.5
	No Fracture

	3
	188.2
	No Fracture

	4
	193.8
	No Fracture

	Avg
	203.625
	No Fracture


Table 1: Forces required to fracture a tooth with and without the tooth guard.
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Figure 1: Bar Graph of the forces required to fracture a tooth without the guard.  
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Figure 2: Graph of the forces required to fracture a tooth without the guard.  
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