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Background

The fracture properties of bone could be studied using a three-point bending test.  Properties that could be derived from the data of the bending test include fracture force and fracture energy.  Failure force is the force at which the bone first fractures, which is defined as the failure point.  Fracture energy is the energy at failure point.  When a bone is loaded, the energy from the applied force is transferred to the bone.  The absorbed energy is released when the bone breaks.  These properties are important in determining the strength of the bone and its susceptibility to fracture, which are crucial in the orthopedic field.

While it is important to understand the fracture properties of normal bones, it is more imperative to understand the fracture properties of bones that have been compositionally compromised, which can be used to mimic the effects of bone degradation.  One way of simulating this degradation is by placing the bones in 1M hydrochloric acid (HCl) for a certain amount of time and then loading them under the same conditions as a previous experiment, which used bones that were not compositionally damaged.  Results from the previous experiment revealed that average failure force for a sample size of 10 (5 from a group) at 5.00 in/min is 54.7±26.5 lbs.  The average failure energy for the same groups at 5.00 in/min is 5.51±4.26 (in-lbs).  Please refer to Table 2 in APPENDIX.
The experiment proposes to determine the effect of 1M HCl on failure force and failure energy of chicken bones.  This will be accomplished by expanding on the “Fracture Properties of Chicken Bones:  Bending Testing” experiment and using the standardization method of HCl from the “Acid-Base Chemistry:  Biological Buffers” experiment.

Hypothesis / Objective and Aims

Hypothesis:  Bones that were soaked in 1M HCl will have significantly lower failure force and failure energy than bones that were not soaked in 1M HCl.

Objectives and Aims:

1).  To determine the failure properties (failure force and failure energy) of bones that have been placed in 1M HCl.

2).  To standardize HCl solution.

3).  To become familiar with the experimental and theoretical challenges of weakening bones with HCl.

Equipment

The equipment and supplies needed for this experiment include all that are listed in the bending test experiment and the standardization of HCl from the acid/base chemistry experiment.  Furthermore details, modifications, and additions are provided below.

Major Equipment:
(  Instron Model 4444 benchtop materials testing machine

(  Customized Bending Jig (variable positions of beam supports)

The Instron is the machine used for three point bending tests.  It has two supports that exert upward forces on the bone and one support that is directed a force (P) downwards, in the middle of the two supports.  Values of crosshead speeds and their direction could be inputted into the computer, which is connected to the Instron.  The Instron generates digital signals of the displacement of the fixture that is exerting force P as well as the reaction force of the bone to this downward force.

Lab Equipment:
	      (  Knives
	(  Magnetic stirrer and stirring bar

	      (  Cutting board
	(  Two 50 mL burettes, 1 dual burette stand

	      (  Dial calipers/ rulers
	(  One 250 mL beaker

	      (  Electronic balance
	

	      (  One 500mL beakers
	


The lab equipments listed in the left column are used for bending test while those listed in the right column are used for HCl solution standardization.  The knives and cutting board are used to remove tissue from the bones.  The caliper is used to measure inner and outer shaft diameters while the ruler is used to measure the distance between the two bottom supports of the Instron machine. The electronic balance is used to mass the chicken bones. The 500mL beaker will be used for containing the HCl solution and bones.  Each 50mL burette is used to measure out a specified volume of solution and to hold the acid and base solutions.  The beaker is where acid/base neutralization occurs.  The magnetic stirrer and stirring bar is used to ensure uniform distribution of titrant.

Supplies:  
· Five whole chickens
· Tongs

· 1L each of HCl and NaOH, nominally 1M

· Phenolphthalein indication solution

The 10 chicken legs from the 5 chickens are needed for this experiment.  The tongs are used to transport bones into and out of the HCl solution.  The 1M HCl and NaOH solutions are needed to standardize the HCl.  Phenolphthalein indication solution is used to determine the endpoint of an acid/base titration.  
Newly Purchased Equipment:  none
Proposed Methods and Analysis

Standardization of HCl (30 minutes):  

1).  Refer to “Cross Standardization of Secondary Acid and Base Solutions” section of acid/base experiment lab manual for standardization procedure.  Record volume of HCl added and the volume of NaOH that was dispensed into the beaker from the burette.  Perform two trials.
2).  Calculate the moles of acid to moles of base ratio.  This will be used to determine the accuracy of the molarity of hydrochloric acid.  
Preparation of Specimen (30 minutes):  
1).  Detach the chicken legs from each chicken.  Be certain to keep track which legs came from the same chicken.  Remove all of the tissue from the femurs.  Clean, label, and mass each femur.
2).  Place the left femur of each chicken in deionized water to keep it moist.
3).  Place the right femur of each chicken simultaneously in the beaker containing 400 mL of 1M HCl.  Leave it in there for 20 minutes.
4).  After 20 minutes, remove the bones with tongs and place them in moist paper towels.
5).  Mass all right femurs in electronic balance.  Gently wipe off all excess liquid before massing.
Calibration of Instron (15 minutes):  
1).  Calibrate and verify the load cell transducer setting as described in the lab manual for bending test experiment.  Open the LabView program for the Instron as instructed in the manual.

2).  Set crosshead speed to 5.00 in/min downwards and data collection rate to 20 points/sec.
Specimen Testing (90 minutes):  

1).   Place a bone from nonacid treated group on the supports so that the distal end of the bone is on the left side of the Instron and is lying with its anterior face on the supports.  Mark where the crosshead support will hit the bone and measure the outer diameter at that point.  Note the orientation of where the measurement is taken.
2).  Perform trial to fracture bone.   
3).  Measure the inner diameter of bone shaft in the same orientation as the outer diameter.  

4).  Repeat for the remaining nonacid treated bones for a total of 5 trials.

5).  Repeat steps 1-4 with acid treated bones.
Data Acquisition and Analysis:
1).  Find the %mass loss between each femur from the same chicken using the following equation:  
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2).  In Matlab, create a force (P) vs. deformation plot using the data obtained from the computer for all trials.  Record the maximum force (P).
3).  Isolate the tow region of each graph.  The tow region results from the distance between the crosshead support and the bone while testing and could be identified as the region before the linearly elastic region.  To find the fracture energy, integrate the region under the curve from beginning of the non-towing region to the failure point (the maximum force).  
4).  Average the failure forces for untreated bone group and calculate the variances.  
5).  Perform a paired t-test (one-tail) assuming unequal variances between the average failure forces of the treated and untreated group.

6).  Repeat steps 3 and 4 for fracture energies.


Potential Pitfalls & Alternative Methods / Analysis

Certain aspects must be controlled to obtain meaningful results that could be statistically analyzed.  For example, it is crucial to obtain bones that are similar in size, mass, shape, and distribution and orientation of bone material.  While it is easier to use the results from the previous experiment for comparison, the issue of extremely variable specimen arises.  To solve this, femurs from the same chicken were coupled:  the right femur is treated with 1M HCl while the left is not.  Although using femurs from the same chicken minimizes the aforementioned errors, it is not possible to conclude that the two femurs from the same chicken are identical.  The discrepancies in bones influence how much material would be dissolved by the HCl and consequently, the percentage of mass loss.  However, for the simplicity of the experiment, it is assumed that femurs from one chicken are identical in all aspects.
Furthermore, it is statistically more significant to have trials that result in similar percentage of mass loss.  For percentage of mass losses to be the same for all trials, bones of identical size, shape, mass, and distribution of material must be used in order for the acid to degrade the bone uniformly for all femurs.  However, acquisition of these bones is not possible.  For the experiment, soaking the five right femurs in the same acid for the same amount of time does not guarantee results that would be similar for all five trials.  For example, one femur, either with a smaller size or weaker bone composition, might degrade faster than another femur that does not have those characteristics.  As a result, the percentage of mass loss might be highly variable for all trials, leading to a large standard deviation.   One way to minimize this would be to experiment with sizes of femurs, acid molarities, and soaking times to find the degradation rate of bone when exposed to HCl.  From the data, conditions could be adjusted to more accurately obtain a specified percentage of mass loss.  
Another challenge facing this study is the determination of the effect of acid at the specified conditions.  The concentration and soaking duration may not significantly decrease the bone material content or it may decrease the bone material too much to be deemed usable.  It would be useful to determine, perhaps in another experiment, the percentage of mass loss after specified intervals of time.  The results of this prior experiment could be used to determine if 1M HCl is strong enough and if 20 minutes is long enough.  The conditions could then be adjusted accordingly to ensure significant degradation of bone material and that there is sufficient bone material remaining to maintain the integrity of the femur.  
When working with acids and bases, it is important to determine the actual molarity of the solutions rather than to rely on the supply bottle.  A standardization of the acid is performed to calculate the accuracy of the molarity of the hydrochloric acid.  
Lastly, the graphs of force vs. deformation reveal towing regions and deformation after initial fracture of the femur that affects the calculation of fracture energies.  In Matlab, the towing region is isolated by discarding any points before the linearly elastic region.  Deformation after the failure point occurs when the Instron does not break the bone completely, but instead fractures the bone at the top.  The two distinct scenarios can be uniformly quantified by defining the failure point as the maximum force and that fracture energy is energy stored up to that point.  However, it is important to remember that energy is still stored in the bone after the maximum force is reached, and this additional energy is attributed in completely fracturing the bone.  
Budget
	ITEM
	COST
	AMOUNT
	TOTAL COST
	Specifications

	Hydrochloric acid – 1L

( 1N standard solution)
	$26.10
	20
	$522
	Fischer Scientific Cat.No.:
AC12421-0010

	Sodium hydroxide – 1L
( 1N standard solution)
	$20.70
	20
	$414
	Fischer Scientific Cat.No.:
AC12426-0010

	Tyson Chicken Whole:  4 lbs (Uncooked)
	$5.96
	20
	$119.20
	ShopRite Supermarkets

	TOTAL
	
	
	$1,055.20
	Without Tax or Shipping and Handling


Table 1.  Budget for Experiment
The 1M standard acid and base solutions are purchased from Fischer Scientific.  Whole Tyson 4 pound chickens are selected because they are the most common sized chickens; therefore, obtaining similar sized bones is more likely.  
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Appendix

	Bone Sample
	3
	5
	6
	8
	10

	Crosshead Speed (in/min)
	5.00
	5.00
	5.00
	5.00
	5.00

	Cross-sectional Area (x 10-3 in2)
	2.56
	7.61
	.597
	15.3
	.438

	Length (in)
	2.76
	2.76
	2.76
	2.76
	2.76

	Fracture Pattern
	Connected
	Straight
	Connected
	Jagged
	Connected

	Failure Force (lb)
	59.9
	72.0
	32.6
	86.2
	23.0

	Average Failure Force– 5.00 in/min (lb)
	54.7 ± 26.5

	
	Variance: 704

	Failure Displacement (in)
	0.134
	0.162
	0.100
	0.225
	0.100

	Average Failure Displacement– 5.00 in/min (in)
	.144 ± .0521

	
	Variance: 2.71 x 10-3

	Energy to Failure (in-lb)

	4.80
	7.27
	2.07
	11.9
	1.49

	Average Failure Energy—5.00 in/min (in-lbs)
	5.51 ± 4.26

	Young’s Modulus  --5.00 in/min (x 107 lb/in2)
	29.1
	3.48
	326
	.766
	415

	Average Young’s Modulus- 5.00 in/min (x 107 lb/in2)
	155 ± 200

	
	Variance: 3.98 x 1011


Table 2.  Results of chicken bone fracture testing from previous experiment.  
Table 2 shows the mechanical failure data for chicken bone testing.  Only data for 5.00 in/min are shown for clarity.  The crosshead speed of 5.00 in/min is chosen for its stronger resolution.
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Figure 1.  Force-deformation plot of chicken bone fracture at crosshead speed of 5.00 in/min.

Figure 1 shows a representative plot of bone sample 5 for the previous experiment at a rate of 5.00 in/min.  The plot shows the tow region, linearly elastic region, inelastic deformation region, and failure point.  
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