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Background


It was found through earlier experimentation that surrogate orientation, whether loaded flat or standing, significantly affected the stiffness of the surrogate when tested using a 3-point bending test in the Instron (see Appendix A and B). Stated simply, the surrogate material is anisotropic with respect to stiffness; the main implication is that it deforms and breaks more easily when bending in the flat orientation1. Hence, in any application, the surrogate would need to be oriented to receive stress along its standing axis. 


The goal of the experiment proposed here is to expand this previous experiment to examine the chicken femur bone. Is the bone isotropic? The implication of this result would be that the bone can take the same amount of stress without deformation along either axis of bending (see Appendix C). If, however, the bone is indeed anisotropic, it would suggest that the femur has a weaker axis of bending; this hints at a vulnerability in the femur. 

The chicken femur has evolved to its present state in response to the various stresses it has been exposed to over time2. If the bone is anisotropic, perhaps the variance in stiffness between axes is due to a variance in the amount of stress that each axis has had to be able to withstand over time. An isotropic bone would be the evolutionary response to the bone being stressed equally along both axes over time. Consequently, this experiment should provide information to aid the understanding of how the chicken femur bone has evolved.
Hypothesis, Objectives, and Aims
Hypothesis


It is hypothesized that the chicken femur bone is anisotropic with respect to stiffness because different axes in the femur are exposed to different amounts of stress and have, thus, evolved accordingly. 
Objective


To determine whether or not the chicken femur bone is isotropic

Aims
· Understand cylindrical geometry.
· Use beam theory to quantify stiffness in both axes. 
· Use statistical data analysis methods to determine difference or similarity between the axes.

· Become further familiar with the use the Instron machine, now using it to perform fixed-fixed beam bending tests.

· Consider the role evolution plays in the development of certain physical attributes.
Equipment 
Major Equipment

· Instron 4444
The Instron machine is necessary to afford sufficient force at a steady rate (detailed in methods) and to accurately measure the displacement caused by the force provided by the Instron.

· Intron 3-point Bending Jig

The bending jig is needed to rest the femur on in the Instron 4444. 

· Instron.VI

This software is necessary to record and export the Force vs. Displacement graphs that will be used to determine stiffness. 
· Matlab

This software is necessary to determine the stiffness value for each sample as per instructions in the original Lab Manual.

Lab Equipment

· Sharp Knife/Scalpel
The knife is needed to separate the muscle from the bone. It is important to take off as much muscle as possible to prevent any distortion in the data. 

· Cutting Board

A hard surface is needed upon which to cut the muscle from the bone.

· Ring Stand (X2) & C-Clamp (X2)

The two ring stands will be used in combination with the C-Clamps to fix the ends of the femur to prevent rotation. It is important to note that the ring-stand and C-Clamp are only used to prevent rotation and will not likely experience much force as the bending force provided by the Instron 4444 will countered by the bending jig. 
Supplies

· Rubber Gloves

Rubber gloves, though not necessary, will be useful for keeping hand’s clean from the bacteria associated with raw meat. 

· Paper Towels

The bones can be kept moist by wrapping them in wet paper towels. Additionally, they will be necessary for clean-up of Instron 4444, the bending jig, and the lab area.

Newly Purchased

· 12 chicken legs
This is the source of the femur which will be experimented with in this experiment. 12 samples are necessary in order to provide enough data to determine significant differences with sufficiently narrow confidence intervals. Indeed, the more samples, the better.

Proposed Methods & Analysis 
Proposed Methods

1.) Set up and calibrate the Instron machine as per the instructions in the Lab Manual. (15 minutes)
2.) Cut the muscle from the 12 chicken bones using the knife and cutting board; make sure to keep the bones moist in wet paper towels until mounted in Instron. (45 minutes)
3.) Place the C-clamps on the ring stands; place the ring stands on either side of the Instron, adjacent to the bending stage. The C-clamps will be used to keep the bone orientation fixed. Pay attention to the clamps during bending to ensure the bone is not rotating at the ends. It is very important that the orientations remain fixed during bending. (5 minutes)

4.) Place a bone in the bending jig; secure the ends of the bone using the C-Clamps, fixing the sample in the orientation “A.”
5.) Stress the bone until failure at a rate of 5 in/min. 

6.) Record the Force vs. Displacement curve for each trial.

7.) Repeat steps 4-6 for 5 more bones, fixing the bone in orientation “A.” (90 minutes)
8.) Repeat 4-7 for the last 6 bones, except this time, fix the bones in orientation “B.” (90 minutes)
Analysis
1.) Use Matlab and numerical methods to determine the stiffness of each bone sample in its respective orientation; reference previous lab for instruction. 

2.) Determine the average and construct a 95% confidence interval of the 6 stiffness values for both the orientations. Doing so will allow understanding of the similarity and consistency between individual trials in each orientation. Commentary of these results should address whether or not the confidence intervals are sufficiently narrow to use the results to draw a conclusion.

3.) Use a two-tailed p-test assuming unequal variance to determine whether the 6 stiffness values from orientation “A” are significantly different than the 6 stiffness values from orientation “B.” Use an alpha of 0.05. 

4.) Provide 2 Force vs. Displacement graphs with 6 samples per graph, organized by orientation. Point out the major reference points in the graphs (ultimate strength, modulus, etc.)
5.) Comment, from an evolutionary standpoint, on possible reasons why the bone is anisotropic or not.

Potential Pitfalls & Alternative Methods/Analysis

In this experiment, there are two main potential pitfalls:

1.) During the bending, the bone slips from the C-Clamp and the orientation changes. During the previous experiment, the force applied to keep the surrogates’ standing orientation during bending was low enough that it could be done by hand. Therefore, it is likely that the bone will be kept fixed well using the C-Clamp. However, to mitigate the chances of slippage occurring, it would be best to dry the ends of the bone in contact with the C-Clamp.

2.) The sample size is too small: is there too much variance within each orientation? Given that only 6 bones per orientation are being tested, it is possible that there will be considerable variance within each orientation, so much so, that it makes finding significant difference impossible between the two orientations. The only real solution to this problem is to increase the sample size, but given the time restraint, this is an option to be pursued by only the most efficient lab groups. Instead, it should just be something that is kept in mind when analyzing the results. In the previous experiment, the samples were fairly homogenous, with the variance of the stiffness only 13% of the mean. Thus, this shouldn’t be a big issue. 
Budget 

This experiment will easily stay within budget. The only supplies that need to be bought are the chicken legs. The Fresh Grocer sells the appropriate chicken legs for about $2.00 per leg3. Given that 12 legs are called for in the experiment, it should cost less than $30.00 per group, tax included, to perform this experiment.
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Appendix  
A. Surrogate Bending Orientations: Flat vs. Standing
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B. Data From Determination of Significant Stiffness Difference in Surrogate
	Average Maximum Force (N)
	57.47±4.80 N

	Average Displacement (mm)
	20.37±1.56

	Average Stiffness (N/m)
	1.25 x 104±1.36 x 103


Table 1: Average maximum force, displacement, energy, and stiffness of the flat axis wood samples at fracture. 
	Average Maximum Force (N)
	165.88±17.02

	Average Displacement (mm)
	10.83±1.30 

	Average Stiffness (N/m)
	5.99 x 104±10134


Table 2: Average maximum force, displacement, energy, and stiffness of the standing axis wood samples at fracture. 

     A two-sample t-test assuming unequal variances was used to compare the stiffness values of the two sample sets, which produced a one-tailed p-value of 1.77 x 10-6.

C. Delineation of Orientations for Femur Bending: “A” vs. “B” 


From the previous lab, it was seen that the chicken bone cross-sectional shape was well-approximated by an ellipse. Hence, the orientation distinctions draw upon ellipse geometry to describe them. 
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