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BACKGROUND
When a bone fragments, it is important to keep the healing bone confined within a hard, durable casing. This protection is usually provided by the use of a cast. The current medical field allows for casting by either plaster of paris or fiberglass. The plaster casts are made of a powdery calcium sulfate while the synthetic casts are made of fiberglass, a moldable plastic. Many consumers are conflicted between choosing the traditional plaster casting and the synthetic fiberglass casting as each exhibit different qualities. Plaster casting provides for an easier application and allows more room for swelling while fiberglass casts are lighter and less brittle (Smith). A large concern regarding the two materials for doctors and for average bone fracture patients is the sturdiness of casts as posed by their respective fracture properties. This experiment would expand upon Experiment 4 (Winkelstein) and test the failure strength of plaster casts and of synthetic, fiberglass casts after being applied on chicken bones.

In Experiment 4 (Winkelstein), a bending test was performed via an Instron machine to determine the effects of hydration on chicken bones. Wet and dry chicken bones were fractured under identical loading rates and their failure force and failure strength were determined using the force-displacement curves, the equations for strength, second moment of inertia, and the geometric measurements of the bones (Figures 1,2,4). The average failure strengths, 107.456MPa (σ=2.318) and 91.717MPa (σ=2.141) (Table 1) for the wet and dry bones, respectively, were then compared; however, a statistical difference between the two sets of bones could not be found and the hypothesis of dry bones having a higher failure strength than wet bones could not be confirmed. This lack of conclusive difference was likely due to the fact that the dry bones were dried only to 80% of its original mass and the wet bones were soaked for only 30 minutes along with the discrepancies of age and activity levels of the chickens from which the bones originated. For this new experiment, strictly dry bones will be used as wetness will act in dissolving the plaster cast (Gabos).
HYPOTHESIS AND AIMS
This experiment will determine how varying cast materials affect the durability of the casts, thus quantifying which cast textile allows for the most durable environment for fractured bones to heal in. It is hypothesized that chicken bones with a fiberglass cast will have higher failure strength than chicken bones with plaster casts. 

EQUIPMENT
Major Equipment
Instron Model 4444 benchtop materials testing machine: The Instron machine with variable crosshead speeds will be used to apply a constant load on the bones at a specific point. The applied force and displacements will also be measured accurately by the Instron.
Lab Equipment

Knives: Knives will be used to strip away the skin and meat in order to harvest the bones for application of casts. Without the excess meat, testing can be done under a more constant condition for all bones.
Cutting board: A cutting board will be utilized to be able to manage the knives on a more safe and stable countertop. This will also provide for easier clean up after performing the experiment.
Length measurement instruments (calipers, rulers): Calipers will be needed to accurately measure the geometries of each bone while the rulers will be used to calculate the lengths of the bones to determine the loading point at the latitudinal center.
Analytic Balance: A balance will be used to mass the bones after the cast application to determine its original, wet mass and later, dried mass to allow for constant conditions where all the bones are dried equally.
Weight set (500g, 1kg, 2kg): The weight set will provide the basis for the calibration of the Instron machine.
Customized Bending Jig (variable positions of beam supports): The jig will be used for the 3-point bending test where the upper part of the jig will be positioned at the midpoint of the bone and the 2 supporting beams will be adjusted so that it is a constant 2 cm inward from the edges for each bone.
Supplies

8 Chicken legs: 8 chicken legs will be provided for each group in order to have enough to perform statistical tests with the results obtained from the experiment. Chicken legs were chosen due to practicality reasons; they are large enough to handle and easy to obtain from any grocery store.
Newly Purchased Equipment
BSN Delta-Lite® “S” Fiberglass Casting Tape: This fiberglass casting tape will be applied to the chicken bones to simulate a synthetic cast put on fractured human bones. 
BSN Specialist® Plaster of Paris Bandages: These bandages will be applied to the chicken bones to simulate a plaster cast used on fractured human bones. 
Hot Tools Anti-Static Ionic Travel Hair Dryer: A blow dryer will be used to quicken the drying process of the casts. A required criteria for choosing the dryer was a setting for cool air since high heat could offer differing results in the fracture tests.
PROPOSED METHODS & ANALYSIS
A. Instron Set-Up
1. Refer to the Lab Manual for calibration of the Instron machine. Set the crosshead speed to 
1mm/min which was determined to be a sufficient loading rate to provide easily decipherable data from previous experience in Experiment 4.
B. Dissection
2. Remove the meat from the bones of all 8 chicken legs as described by the Lab Manual.

3. Label the bones 1-8 and measure their lengths to determine their midpoints.

4. Mark the top of each bone to allow the flattest face of the bone to be oriented upwards towards the vertical load as depicted in the Appendix.
C. Cast Application
5. Cut 4 rectangles of a uniform 2” x 6” from the provided roll of plaster tape and another 4 of a 2” x 6” dimension from the roll of fiberglass cast tape. There will be excess lengths of the bandages to allow for mistakes. The 2 sample groups will be chicken bones with a plaster cast and chicken bones with a fiberglass cast. Each sample group will have a size of 4 chicken bones.
6. Soak the bandage strips in lukewarm water as colder water will result in a longer set time.

7. Wrap 1 strip of casting tape on each chicken bone.
8. Mass the chicken bones with the wet casts on a balance to determine the original mass before drying of the casts.
9. Let the chicken bones with the casts dry to allow the wet casts to sufficiently set. Note that the fiberglass casts will dry quicker than plaster casts.
10. Mass the chicken bones again to perform the fracture testing with the casts dried until 80% of their original mass. This will account for the different drying times and allow a practical experiment time as the casts usually take about a day or more to dry completely.

a) The set time for plaster cast is 5-8 min. but it usually takes 24-48 hrs. for the cast to completely dry. However, since a blow dryer under the cool setting will be used to speed the drying process, the desired mass should be achieved within a few hours. Fiberglass casts will dry within 30 min. so drying the plaster casts first is crucial to maintain uniform testing conditions. 
D. Fracture Testing
11. Position the midpoints of the bones at the midpoint of the two supports with the top reference point on the flatter side of the bone. Perform the experiment on the plaster cast and fiberglass cast bone samples with a loading rate of 1mm/min.
12. Take geometric measurements of all the chicken bones: B, b, H, h, and I values at the fracture point as displayed in the appendix.
E. Calculations
13. From the obtained data, calculate the failure force and failure strength for each bone; then calculate the averages and variance of these figures. Convert the data from the Instron into SI units. Graph the force-displacement curves and compute the failure force, both using Matlab (Figure 4).
14. Calculate the second moment of inertia of each chicken bone using the equation in the Appendix. Determine the failure strength of each bone with the stress equation as detailed in the Appendix. 
15. Perform a one-tailed unpaired t-test on the failure strength for the plaster cast bones and the fiberglass cast bones to determine the presence of a statistical difference.
POTENTIAL PITFALLS & ALTERNATIVE METHODS/ANALYSIS

One significant pitfall is the fact that every bone will display differing geometric properties as well as densities caused by their varying degrees of inhomogeneity and anisotropy. In order to quantify this error, a curve of the average bone with cast wall against the failure strength can be plotted with error bars (Figure 3). The linear regression line can then be drawn with its associated R2 value (Figure 3). The geometric measurements will be taken using consistent procedures for each bone as described in the Appendix (Figure 2).
Due to the differing thicknesses of the bones, the bandage strips may overlap more in some areas than in others. Thus, all strips will be cut in a consistent pattern so that all casts will be made of 2” x 6” samples. Additional lengths of casting tape will be provided to account for mistakes and allow for the familiarization of the casting process. This will ensure that only uniform casting tape strips will be used for the actual testing. Also, since the geometric measurements for each bone will be taken after application of their individual casts, when calculating their failure strengths, the resulting data will be independent and unpaired.

Additionally, due to the time constraint of the lab, the plaster and fiberglass casts cannot be fully dried. This may result in decreased failure properties of the casts. However, if both types of casts are dried equally, the failure properties can be compared relative to each other. To ensure uniformity, the mass of the bones with wet plaster casts and the bones with wet fiberglass casts will be measured on an analytical scale. Then, using a blow dryer to increase the speed of the drying process, the bones with the wet casts will be dried to 80% of their original mass. Due to the fact that fiberglass dries faster (“Cast Care”), the drying time must be monitored carefully with the plaster casts being exposed to the dryer first. Also, since the temperature affects the setting time of the casts by interfering with the chemical reactions of the materials (Brown), the cool air setting on the dryer should be used.

Another pitfall that should be taken into consideration is the location of the fracture on the bones after performing the bending test. As experienced in Experiment 4 (Winkelstein), the bone does not always break at the midpoint as planned. In fact, previously, the bones were shown to fracture either at the middle or towards the end (Table 2). Although this error is not practically quantifiable, qualitative fracture patterns for each bone should still be noted. 

Finally, there will likely be error associated with the non-uniformity of the shapes of each individual bone. As a result, even after the application of the plaster or fiberglass casts, the samples will display uneven configurations. Therefore, when performing the experiment, the samples may tend to slip when put under pressure in the jig. Thus, it is necessary to orient the bones with their flattest face towards the load. For ease of recognition, a marker, such as a small dot, may be placed (Figure 2). An assumption that this procedure will be performed for each bone using consistent methods must be made. 
BUDGET
Newly Purchased Equipment and Supplies

	Purchases
	Supplier
	Specifications 
	Price/Unit
	Quantity
	Costs

	BSN Delta-Lite® “S” Fiberglass Casting Tape
	BSN Medical
	1 roll: 2”x4yds

10 rolls/box 
	$70.50/box

	1
	$70.50

	BSN Specialist® Plaster of Paris Bandages
	BSN Medical
	Fast setting time:

(5-8 min.)

1 roll: 2”x3yds
12 rolls/box
	$24.50/box
	1

	$24.50

	Hot Tools Anti-Static Ionic Travel Hair Dryer
	Hot Tools
	Lightweight: 2.50 lbs
1875 watts

Includes cool air setting

1 hair dryer/pkg
	$26.95/pkg

	4
	$107.80

	Chicken legs
	Fresh Grocer
	1 pack of 8 legs
≈ 3.50 lbs
	$0.89/lb
	20
	$62.30

	
	
	
	Total Cost:
	$265.10
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APPENDIX
	 
	Sample #
	Failure 

displacement (mm)
	Failure 
force (N)
	Failure 

strength (MPa)

	Dry
	1
	7.1
	249.4
	126.2

	
	2
	7.137
	215.9
	85.55

	
	3
	19.355
	205.6
	134.2

	
	4
	4.039
	196.3
	101.8

	
	5
	5.08
	250.4
	89.55

	Wet
	6
	6.02
	397.2
	93.49

	
	7
	4.14
	236.6
	133.1

	
	8
	3.607
	237.5
	53.21

	
	9
	4.953
	272.4
	72.67

	
	10
	5.918
	408.1
	106.2

	Variance
	Dry
	38.31
	628.11
	474.08

	
	Wet
	1.13
	7321.09
	941.64
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Table 1. Failure data for dry and wet chicken bones as obtained for the 
previously performed Experiment 4.
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	Sample #
	Fracture point

	Dry bones
	1
	end

	
	2
	middle

	
	3
	middle

	
	4
	middle

	
	5
	middle

	Wet bones
	6
	middle

	
	7
	middle

	
	8
	middle

	
	9
	middle

	
	10
	middle




Figure 1. The equations used to calculate failure strength (stress) and the second moment of inertia.





Figure 2. The geometric measurements of the bone with cast at the fracture site. 





Figure 3. Failure strength versus average bone wall thickness plot with error bars and linear regression line.





Figure 4. Representative bone fracture plot with failure point determined by a Matlab algorithm as obtained from Experiment 4.





Table 2. Qualitative fracture data for the dry and wet bones from Experiment 4.








