Fracture Properties of Bones Under Repeated Loading
By: Xin Luo

Date Due: April 25, 2007
BACKGROUND 

In our previous experiment, Fracture Properties of Chicken Bones: Bending Testing, chicken bones of various cross sectional areas were subject to a three-point bending test, and it was found that there was a high correlation (R2 = 0.974) between the cross-sectional area and the fracture energy of the bone.  However, in many real-world situations, a fractured bone is not always the result of a single catastrophic event.  Especially for certain athletes, the cause of bone fracture can be partially attributed to the constant wear and tear to the bone, which can cause stress fractures to appear.  These tiny cracks on the bone compromise the ability of the bone to bear weight and reduce the energy required to fracture the bone.  (Reeser, 2) 

In the body, bones undergo constant restructuring by osteoblasts and osteoclasts to recover from damage due to repeated loading, but when the loading is too frequent, this recovery process fails and stress fractures become apparent on the bone surface.  In addition, the muscles in the leg normally bear a proportion of the load.  When the muscles are fatigued, they are no longer able to bear any loads, and the impact is absorbed solely by the bone.  When this happens, the bone is much more susceptible to fracture. (Hollinger, 467).  
The Instron machine is modified for this experiment and now has the functionality of applying repeated loads at a specified load force and number of repetitions.  The machine moves the upper support fixure in a sine pattern, applying the specified load on the bone continuously.  This repeated loading process simulates the real-world conditions of continual stress that certain athletes apply on their leg bones.
HYPOTHESIS AND OBJECTIVES
It is hypothesized that chicken leg bones that have undergone a repeated loading process prior to the three point bending test will require less energy to fracture than their counterparts that were tested directly.
The central objective of this experiment is to determine the effect of repeated loading on the failure properties of chicken bones.
The secondary objective is to observe the effects of repetitive loading on wooden craft sticks, to determine whether wood is a valid surrogate material for bone under repeated loading conditions.
EQUIPMENT

Major Equipment

Instron 4444 Benchtop Machine – The Instron will be used to perform repetitive loadings, as well as the final three-point bending test on both sets of bones.
Lab Equipment

Knives and Cutting Board– The chicken bones need to be loaded without skin and meat.  As such, knives are needed to separate the leg bones from the rest of the chicken.
Markers and Tape – Used to label the chicken bones.

Containers – Used to keep chicken bones moist and safe prior to loading.
Caliper – A caliper is needed to measure the diameters of the bones, to confirm that the left and right legs have similar cross-sectional areas.
Weights set – This is used during the calibration of the Instron.
Supplies

Popsicle Sticks – The sticks will be loaded in the same way as the chicken legs.  They serve as an ideal comparison, since they are highly uniform and should provide consistent results.
Whole Chickens – Buying whole chickens makes it possible to group pairs of legs together, with one leg subject to repeated loading, and the other leg from the same chicken tested directly.  This minimizes the differences between the two sets of samples, since the left and right legs of the same chicken should be fairly similar.
New Equipment/Software
Labview program – The existing Labview software is sufficient, but the program must be altered to allow the Instron machine to perform repetitive loading.
PROPOSED METHODS AND ANALYSIS
A. Instron Calibration and Set-up [10 mins total]
1.  Calibrate the Instron using the same method as the one in Experiment 4 - Bending: Bone Fracture.  [8 mins]
2. Run the computer Labview software “BE210-Instron-repeats.vi.”  Set the crosshead speed of the Instron to 5 inches/min, the direction of movement to “down,” and the sampling rate to 20 points per second.  [2 min]
B1. Surrogate Testing with Wooden Sticks [100 mins total]
3. Practice loading the Instron machine using the wooden sticks.  [5 mins]

4. Disable “Repeated Loading” option and ignore “Load Force” and “Load Reps” options.  Enable file saving, and select an appropriate name and location for the excel file. [2 min]
5. Load a single stick on the Instron and start a three-point bending test as detailed in the manual for Experiment 4.  [2 min]
6. Open the resulting Excel file.  Find the maximum force used by the Instron, and multiply this value by 0.50.  Enter this value as “Load Force”, and enter “300” for “Load Reps”.  Enable “Repeated Loading” mode.  [3 mins]
7. Load a new stick on the Instron and press start, as if running a three-point bending test.  Since “Repeated Loading” is enabled, the machine should instead be  running the repeated loading process on the stick.  The stick should not be fractured during at this step. [10 mins]
8. Examine the stick without touching or moving it from the Instron.  Look for physical signs of stress, and note any changes made to the stick.  [2 min]
9. Disable “Repeated Loading” option.  Start the three-point bending test. [1 min]
10. Repeat steps 5 to 9 four more times.  Remember to recalculate the load force for each new trial. [75 mins]
B2. Preparation of chicken leg bones [68 mins total]
11. Open the package for one whole chicken.  Remove both legs from chicken body.  Using knives and cutting board, remove all skin and muscle from both chicken leg bones.  [10 mins]
12. Label these two bones “1-A” and “1-B” with the labels at the ends of the bones.  Place each bone in a separate container with water.  [3 min]
13. Repeat steps 11 and 12 for four more whole chickens, such that 10 bones are cleaned in the end, from “1-A” and “1-B” to “5-A” to “5-B”.  [55 min]
C.  Loading Chicken Leg Bones [130 mins total]
14. Make sure Instron is set up as it is in step 4.  Take bone “1-A” and start a three-point bending test .  [3 min]
15. Select a load force based on bone 1-A’s data, as it was done in step 6. [3 mins]

16. Load bone “1-B” and run repeated loading process.  [10 mins]
17. Examine bone carefully without touching or moving it.  Record any visible changes to the surface of the bone. [3 mins]
18. Disable “Repeated Loading” option.  Start the three-point bending test. [1 min]
19. Measure the cross-sectional areas for both chicken legs using oval estimation method (used in Experiment 4, detailed in appendix).  [5 mins]
20. Repeat steps 14-19 for all remaining chicken bones.  Be sure to pair each bone in group A with its appropriate counterpart in B.  [105 mins]
D.  Clean up and wrap up [10 mins total]
21. Wash all unclean supplies.  Save all data and observations.  Dispose of chicken remains. [10 mins]
Total Time: A+B1+B2+C+D = 318 mins = 5 hours 18 mins.
Note:  Parts B1 and B2 can also be completed simultaneously, with two students working on B1 and two students on B2.  Students performing B2 may participate in step 3 to gain an understanding of the Instron.  Using this method will reduce the time required:

Total Time: A+B+C+D = 250 mins.= 4 hours 10 mins.
Statistical Tests
Since it was found in a previous study that the bones’ cross sectional areas affect their fracture energy, all paired bones (e.g. 2-A and 2-B) must have a cross sectional area that is within 10% of each other.  From the data in Experiment 4, we see that this is not an unreasonable requirement.
A paired, one-tailed t-test will be used to compare the five fracture energies of group A with that of group B.  This test will determine the validity of the hypothesis, showing whether the repeated loading process lowers the fracture energy of the bone.
POTENTIAL PITFALLS & ALTERNATIVE ANALYSIS
One major point of concern is determining the optimal method for simulating repetitive loading on the bone.  The two variables involved are the load force and the number of repetitions.  The load force during the repetitive loading should be much less than the ultimate force, such that the bone does not fracture during this process, but this force must be high enough to cause significant wear and tear to the bone.  The number of repetitions should be high enough to simulate repetitive stress on the bone, while not too much to cause the bone to fracture.  Also, the time required to complete the repetitive loading process depends on the number of repetitions.  As such, it would not be feasible to repeat the loading too many times.  Based on these factors as well as experience from Experiment 4, it has been determined that 300 repetitions at 50% of the theoretical ultimate force would be optimal.  A previous experiment by Carter et. al in 1981 showed that after 1 million loading cycles, the fracture energy at failure is less than a third of the fracture energy when loaded directly (Barbucci, p466).  Since the number of cycles in this experiment is far less than 1 million, it should be reasonable to infer that the bone will not break when subjected to this loading process.  However, since this all based on theoretical values only, it is highly suggested that this experiment be completed by the lab instructors beforehand, to confirm that the bones do not break and that significant results can be acquired at these conditions.  Even despite draconian prevention methods, it is still possible that students’ chicken bones may break during the experiment.  Additional whole chickens were suggested for purchase in the event that something goes awry during the experiment.  In addition, the estimated time to complete the lab is short enough that a lab group may do a 6th trial with a spare set of chicken bones within the allotted time if necessary.
Another potential problem lies in the assumption that the left and right chicken legs of an individual chicken are identical.  It is entirely possible that one leg bone is larger, and more resistant to fracture than the other.  If this were true, the theoretical ultimate force of a bone used in this experiment would be incorrect, since it assumes that the two leg bones from the same chicken would fracture at the same force.  This would lead to higher chances that a bone will fracture during the repetitive loading process, as well as inconsistent and erroneous data.  To address this concern, students must measure the diameters of the chicken bones after fracture and obtain values for the cross-sectional area of each bone.  In Experiment 4, it was found that the toughness and the cross-sectional area of chicken bone are directly related, and as such, a 10% difference in area would theoretically result in a 10% difference in toughness.  Since this difference is not acceptable, students must discard any data in which the difference in cross-sectional area is greater than 10%.  This additional test should minimize the negative effects of assuming identical failure properties of the two complementary leg bones.
A final point of concern is the small sample size.  With only five bones per group, the legitimacy and significance of the results is questionable.  Random errors in the data may distort the data, and a single erroneous data-point may result in an incorrect conclusion based on the given results.  As such, it is highly recommended for students to pool data from the other lab group, resulting in twice as many samples.  Although there may be minute differences in the methods of the two groups, the benefit of extra samples is more beneficial than detrimental.
BUDGET

	Product
	Cost
	Quantity
	Supplier
	Specification

	Standard Wooden Craft Sticks
	$5.39 per 1000
	4000 (20 groups x 20 sticks per group)
	Any*
	Regular Size, 4.50 x 0.375 inches

	Perdue Whole Chicken
	$6.99 per chicken
	110 (20 groups x 5, plus ten for backup)
	Fresh Grocer
	~4 pounds whole

	Labview Software Update
	$300 (estimated cost of having an outside programmer update the software)
	One.
	Unimportant.  May be done in-house to reduce costs.
	Proficient at using Labview software to customize Instron functionality.


*Price found at http://www.shoplet.com/office/db/CKC377501.html.  Store prices may vary.

Total Estimated Price:  $1183.15 (includes 8.5% sales tax)

APPENDIX
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Figure 1: Schematic for the visual appearance of the Labview Instron software with the added functionality of repeated loading at a particular load force and number of repetitions.

[image: image2.emf]


Figure 2:  The bones’ cross-sectional area can be measured by taking measurements for d1, d2, d3, and d4 and applying the formula Area = π/4[(d1d2)-(d3d4)].
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