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Background: 
The goal of this experiment is to determine whether there is a significant difference between the failure strength of chicken leg bones and chicken wing bones. The reason for testing this hypothesis is to determine if the failure strength of bones from the same species of animal vary according to their usage. From the data gained from this experiment it would be possible to determine if certain bones in the human body are more susceptible to fracture due to lack of use. The proposed experiment expands upon the knowledge gained from testing wet and dry chicken bones in Experiment 4. The failure strength of bones can be calculated by obtaining data from a three-point bending test using an Instron. The data from the bending test can be plotted as a force displacement graph (Figure 1).  From this graph, the failure force can be determined using a MatLab algorithm, and with the failure force, the failure strength of the bones can be calculated (Figure 1).  The elliptical shape of most bones requires moment equations and stress equations that are specific to this shape, these equations call for the measurements of the relevant geometry of each sample and its failure force (Figure 2 &3). 
In Experiment 4, the effects of hydration on the failure strength of bones were tested.  Five wet and five dry chicken bones were tested in the experiment.  With a p-value of 0.19 the null hypothesis that no difference exists between the failure strength of dry bones and wet bones could not be rejected (Table 1).  While statistically no difference could be proven between wet and dry bones, this experiment will use wet bones.  Wet bones will be used in the proposed experiment because it replicates the in vivo environment of the bones.  Additionally, the procedure for keeping the bones wet is more consistent than drying the bones. 

Hypothesis/Objective and Aims:
General Aim: 

To determine if failure strength is higher for bones that are used more frequently.
Objectives:

· Determine the failure strength of chicken legs using a 3 point bending test.
· Determine the failure strength of chicken wings using a 3 point bending tests.
· Determine if there is a statistical difference in failure strength of the leg and wing bone.
Hypothesis:

The failure strength of chicken legs will be higher than the failure strength of chicken wings.
Equipment:

Major equipment:

· Instron Model 4444 bench top materials testing machine
· Used to perform and record the results of the three point bending test.
· Customized Bending Jig (variable positions of beam support)
· Consists of the three points that are used during the three point bending test.  The points on the jig can be adjusted to accommodate different bone lengths.
Lab Equipment:

· Length Measuring instruments: calipers and rulers
· Used to determine the midpoint of the bone as well as all relevant geometric measurements (Figure 3).
· Weight Sets( 500g, 1kg, 2kg)
· Used to verify the load cell transducer settings in the Instron, by checking that the load cell outputs are correct for each known weight.
· Anti-bacterial soap
· Used after handling the chicken samples to avoid contracting Salmonella.

· Safety Glasses

· Used when performing the three point bending test to protect eyes from the possibility of flying bone shards.

· Cutting board

· Surface to be used when removing tissue and muscle from the chicken bones.

· Scissors

· Used to help remove the tissue and muscle from the leg and wing bones.

· Scalpel
· Used to help remove the tissue and muscle from the leg and wing bones.

· 5 500mL beakers

· One beaker to hold the chicken legs.
· One beaker to hold the chicken wings.
· One beaker to place the tissue and muscle removed from the bones.

· Two beakers full of water, one to submerse the leg bones and one to submerse the wing bones.
Newly Purchased Supplies:

· 10 Wood surrogates
· Used to test if the Instron is working properly.  Also used to familiarize students with how the Instron works, and adjusting the 3-Point Jig
· To determine the appropriate sampling rates and loading rates.

· 5 chicken legs
· 5 chicken wings
Chicken legs and wings were chosen because they are readily available in local supermarkets and relatively inexpensive. 
Newly Purchased Equipment:
· None
Proposed Methods & Analysis:
A. Instron Set Up, and Surrogate Testing (~1 hr)
1. Understand how the Instron works and records data as detailed in the Experiment 4 lab manual.
2.  Verify load cell transducer settings of the Instron as detailed in the Experiment 4 lab manual.
3.  The wooden sticks act as a surrogate for the chicken bones.  Cut the wooden surrogates to the approximate dimension of the leg bones and wing bones you will be testing.  Using the surrogates, determine the appropriate jig spacing and adjust the 3-Point bending jig spacing in order to accommodate both the leg bone and the wing bone. Also, test the wooden surrogates to practice running the Instron and collecting data.  Determine from these tests the appropriate loading and sampling rates for testing the chicken bones.
B.  Preparing the Chicken Bone Samples (~1hr)
1.  Using the scissors and the scalpel, carefully remove the excess tissue and muscles from the leg bones and the wing bones.  Dispose of the excess tissue and muscle into the waste beaker.
2.  Separate the two bones that make up the wing and discard the smaller bones into the waste beaker (Figure 4)
3. Label each bone:  L1-5 for the leg bones and W1-5 for the wing bones. Find and mark the midpoint of each bone.
4. Fill two 500mL beakers with room temperature water.  Place the bones into the appropriate beakers and let them soak for at least 30 minutes prior to Instron testing.
C.  Testing the Chicken Bone Samples (~2hrs)
1. Refer to your findings from the wood surrogate trials to determine the appropriate loading and sampling rates. Set the Instron to these rates.

2.  Make the necessary gross measurements of each bone before.  The necessary measurements are detailed in the Appendix (Figure 3).
3. Determine the 3 point jig set up for the leg bones. Place the leg bone sample into the Instron with the midpoint of the bone corresponding to the middle point on the jig.  Place the bone so the flatter side rests on the bending points. Run the Instron.
4.  Repeat steps 2-3 for the five leg bone samples.  Be sure to create a distinct filename before each run of the Instron.  After the failure of the specimen, stop the Instron and measure the inner axes of the bone
5.  Readjust the 3-point jig set up to accommodate the size of the wing bone.  Repeat steps 2-3 for the five wing bone samples.
Protocol:

· Verify the load cell transducer setting of the Instron by hanging various known weights (500g, 1kg, 2kg) and checking that the load cell output measurements are correct for the known applied loads.  Using the five wooden surrogates, cut to the dimensions of the average chicken leg and chicken wing, test the Instron and determine the appropriate sampling rate and loading rate.  This is done by graphing the Instron data outputs in excel to make sure there are enough data point for a good curve.
· Prepare the chicken bone samples by removing all excess tissue and muscle from the leg and wing bones. Separate the two wing bones and discard the smaller bone.  Label the bones L1-5 for the leg bones, and W1-5 for the wing bones.  Place the bones into two beakers full of room temperature water for at least 30 minutes before testing, one beaker is for the leg bones and other beaker is for the wing bones.
· Position the midpoint of the leg 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 5 leg bones at loading rate of 1mm/min.  Take the relevant geometric measurements of all the leg bones: B, b, H, h, and I values at the fracture point (Figure 3). Readjust the 3-point jig to accommodate the wing bones and repeat the loading experiment on the wing bones.
· Convert the output data from the Instron into SI units. Plot the data as a force-displacement graph and compute the failure force using the MatLab program (Figure 1).  Calculate the second moment of inertia using the equation from the appendix. With the second moment of inertia and failure force, determine the failure strength of each chicken bone using the stress equation (Figure 2). Perform a one-tailed unpaired t-test on failure strength on the two groups, leg bones and wing bones, with five samples in each group.
Potential Pitfalls & Alternative Methods/Analysis:


It is important for the experiment that an appropriate sampling rate is chosen for the Instron.  If the sampling rate is too low not enough data points will be collected and, as a result, it is difficult to see everything that happens during the run.  Additionally, if the sampling rate is too high the data file becomes large and MatLab is slow in analyzing the file.  Determining the appropriate loading rate is also important to this experiment.  It is important that the loading rate is not too fast, such that the bone breaks rapidly, or too slow, so that all the tests can be completed during the lab period.  These problems can be avoiding by testing the wooden surrogates that are provided.  They can be tested at different loading and sampling rates and the output data can be analyzed using the MatLab program to determine which rates seems to display the best force-displacement graph. 


The bones themselves are subject to a lot of variation and have the potential to cause of the error in the experiment.  The variation is due to the fact that bones are highly inhomogeneous and anisotropic, meaning the mechanical properties of the bone are directionally dependent. Bones also have an irregular geometry with a hollow inside full of bone marrow. The equations for the second moment of inertia and failure strength still cannot account for all the irregular shape of bones and simplify the shape to a hollow ellipse. Since the geometric measurements, as detailed in the appendix, are taken at the fracture site, a small amount of error can be minimized.

Additionally, when purchasing chicken pieces with bones in them, it is impossible to determine the age, activity level and health of the chicken.  These factors could cause a great amount of variance in the mechanical properties of the chicken bones, especially the failure strength.  While it is impossible to determine these factors, the sample size of five should be large enough to get a good estimate of the failure strength of each type of bone.  If an even larger sample size was used, the estimate of the failure strength would have a smaller variance. However, testing more bones would be costly and time consuming for an undergraduate lab.

While the previous experiment found no statistical difference between the failure strength of wet bones and dry bones, past research has shown that dry bones fail at higher stress than wet bones (Raghavendra et al). The previous experiment most likely failed to find a statistical difference because the bones should have been dried to a lower mass percentage in an environment with a consistent and constant heat source. It is important to keep the bones moist before testing in order to mimic their in vivo environment.  In order to avoid the potential drying of the bone samples, the samples will be submerged in a beaker full of room-temperature water.
Another potential pitfall of this experiment is the MatLab program that is detailed in the appendix.  The program is not capable of always finding the exact failure force, as a result the program is not always accurate.  However, using the MatLab program allows for consistency when determining the failure force.  The consistency of the MatLab program reduces human error and provides precision in the experiment.  
Budget:

Total Supplies Needed:

· 100 Chicken Legs
· 100 Chicken Wings
· 200 Wood surrogates
Cost of Supplies: 
· Package of 20 Chicken Wings: $6.97
· Package of 20 Chicken Legs: $4.95
(Genuardi’s Online Supermarket)

· Package of 500 Wood tongue depressors $9.63
(Fisher Scientific)
Total Cost:

Chicken Wings: 5 x $6.97=$34.85

Chicken Legs:    5 x $4.95=$24.75

Wood surrogates:                 $ 9.63

Delivery Fee:                    +$ 9.95

Total:                                   $75.18

Supplies will be directly delivered to Sevile’s office in 225 Skirkanich.
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Appendix:

The MatLab program that will be used ensures precision by determining the failure point, R, as the first point where the force (or stress) is 95% of the maximum force after reaching this maximum (Figure 1).  The x-coordinate of this point on the force-displacement provides the failure displacement and the y-coordinate provides the failure force.

Failure strength will be calculated from the fracture force using the stress equation below, where Wy is failure force (Figure 2).  L is the length between the tips of the two bottom Instron supports.  The bone geometry variables B, H, b and h correspond to the major and minor axes of the bones (Figure 3), which will be assumed to be of elliptical shape for all samples.  Ix is the second moment of area of this shape.  Measurement can only be taken at a cross-section, so they will be obtained at the fracture site of the bones.  The tops of the bones (indicated by the red dot in Figure 3) will be marked while they are loaded in the Instron with the assumption that the flattest face of the bone would always be oriented upwards.
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             Table 1.  Failure data for chicken leg bones.  A one-tailed unpaired t-test is unable to reject the null 
              hypothesis that there is no difference between the failure strength of dry bones and wet bones (p=0.19).
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Figure 4. Diagram of Chicken Wing
