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Background

The material and structural properties of bone are integral for the integrity and strength of the skeletal system. Many organic factors affect these properties, the concentration of hydrogen ions being one of them. Hydrogen ion concentration, logarithmically represented by pH, can affect the strength and composition of bone; if the pH is too high or too low the bone can deteriorate greatly, compromising the intrinsic and physical properties of bone.
There are many practical situations that can affect the acidity of bodily fluids in a human, thus directly affect the strength of the bone. A condition called acidosis increases the acidity in bodily fluids, thus decreasing the pH in blood tissue. This is harmful to a human because this condition can degrade organic materials inside the human body, including bone. Patients with diabetes and kidney disease are especially at risk of acidosis as the kidneys and lungs regulate the pH in the body.1 Acidosis can expedite and/or exacerbate a condition called osteoporosis, the decrease in bone mass and bone density that can lead to the a greater likelihood of injury or fracture of the bone. Another situation in which pH affects bone properties is bone storage. Bone transplant is used to fill in defects, replace loose bone, and help with structural support. For example, bone transplant procedures involving cancer, the diseased bone is surgically removed and cadaver bone is transplanted.2 Recipients need a certain type of bone transplant, thus bone needs to be stored in an optimal environment in order to preserve it biomechanical properties for an extended period of time.
Hypothesis/Objectives
The objective of this experiment is to understand how sensitive bone is to the surrounding pH level it is placed in. To understand this is to gain insight on how important it is to create an environment where bone deterioration is minimized, thus increasing the effectiveness of medical treatments with bone.

It is hypothesized that the closer the artificial pH is to the homeostatic pH, the greater the failure strength will be.3 Evolution has been perfecting bodily functions for millions of years, and bone has either adapted to the environment it has been placed in or the pH levels in bodily fluids have reached a level where preservation of bone properties has been maximized. Thus placing a bone in a solution with a similar pH as its homeostatic environment will minimize the deterioration of bone, maximizing the stress it can endure. 
Equipment
1. Major equipment

a. Instron Model 4444 with Customized Bending Jig: Instron is used in conjunction with the 3-point testing jig in order to test the failure properties of the bone. The data gathered from tensile testing of the bone will be used for data analysis.
b. pH meter with combination glass-silver/silver/chloride electrode and holder: The pH meter is used to measure the concentration of hydrogen ions in a given solution. The three types of pH solutions that will be made are solutions with a pH of 6.9, 7.3, and 7.7.3
2. Lab equipment 

a. Nine 250mL beakers: The beakers are needed to store the bone at different pH for a week.
b. Ruler: The ruler is used to measure physical properties of the bone, such as the length and width.
c. Caliper: The caliper is used to measure smaller aspects of the bone, such as the radius of the bone and the bone marrow.
d. Burettes: The burettes are needed in order to add the acid or base to the beaker to create a solution of a certain pH.

e. Dual burette stand: The stand is needed to hold the burette while acid/base is being added to the solution.

f. Knives and cutting board: These are needed in order to cut away the skin and muscle attached to the bone.

3. Supplies

a. Hydrochloric Acid (HCl) and Sodium Hydroxide (NaOH): An acid and base, respectively, that are needed to create the different pH solutions.
b. Wood surrogates: The wood surrogates are used for practice with the Instron with the 3-point testing jig. The surrogates can help further plan the experiment with the bones.

4. Newly purchased items

a. Perdue Chicken Drumsticks: need 9 bones that will be put into the solution and then later tested in the Instron.
Methods & Analysis

1. Storage of bone in pH solution (will be done a week prior to the lab)
a. Creating the solutions

i. Standardization of pH meter – see Experiment 5 page 8

ii. To create a solution of pH 6.9, make sure that all beakers are washed and dried in order to minimize any error that can be caused by residual particles in the beaker. Then fill 250mL beaker with 250mL of distilled water (pH = 7)
iii. Make sure the burettes are cleaned as to make sure no particles interfere with the hydrochloric acid. Add 50mL of hydrochloric acid to the burette.
iv. Put the electrode in the beaker, making sure the electrode is nearly touching the bottom of the beaker. Start adding hydrochloric acid to the beaker until the pH meter indicates the solutions is near 6.9.
v. Repeat this step for the other two beakers at pH 6.9

vi. To create the solutions with pH 7.3 & 7.7, repeat the previous steps except for adding hydrochloric acid to the burette. Instead, add sodium hydroxide (NaOH) to the solution. Make sure to make 3 beakers for each pH solution.

b. Cleaning the bone

i. Taking a chicken drumstick, cut away the skin and muscles surrounding the bone. Do this to 9 pieces of chicken, as each bone will be put into each solution. These bones will be stored at room temperature for a week.
2. Setting up laboratory equipment (Approx. 45 minutes)
a. Instron Setup, 3-Point Bending Testing, and Surrogate Testing

i. Refer back to the Lab Manual4
3. Testing of bone (Approx. 90 minutes)
a. Before testing each bone, make sure to take the following measurements: length, width, long and short diameter of bone (exterior aspects of bone)
b. After setting up and practicing with the Instron, you should have an idea of the rate to use in order to record enough data points to do data analysis but not so many as to overwhelm the calculations. Place a bone on the testing jig and run the Instron
c. Do this for the other bones, making sure to keep track of what pH the bone was sitting in.

d. After each bone breaks, take the following measurements: radius of bone, radius of marrow (interior aspects of bone). Take the long and short diameter measurements if applicable.
4. Analysis of Data (Done after the experiment is finished)
a. Calculate the cross section area of the bone and the bone marrow.
b. Use the calculations in the previous step to calculate stress = M*y/I, where M is the resisting moment found through beam theory, y is the distance from the neutral axis when looking at the cross-section of the bone, and I is the moment of inertia, where I=∫y2dA. (See Table 1 & Table 2, APPENDIX)
c. For statistical analysis of the data, one-way ANOVA would be used since there will be three groups. Because there will be three comparisons (6.9 vs. 7.3, 6.9 vs. 7.7, 7.3 vs. 7.7), the p-value is not 0.05 but is 0.05/3=.0167; this is known as the Bonferroni correction.
d. Plot the stress-strain graph of each bone, making sure to keep track of the pH the bone was submerged in. To further help visualize the graph, calculate the average stress of the bones at different pH and graph in order to have a simplified understand of how pH affects bone integrity. (See Figure 1, APPENDIX)
Potential Pitfalls & Alternative Methods/Analysis

Potential pitfalls in this experiment that can skew the recorded data are faulty testing, beam theory assumptions, and homogeneity of testing conditions on each bone. Faulty testing includes any errors that may occur during Instron testing, such as slippage or rotation during force application onto the bone, introduction of new variables that may affect data, i.e. applying a force to the long diameter of one bone and the shorter diameter in another bone. A way to minimize this error is to position the bone so that the force is applied to the short diameter of the bone, thus the bone slippage or rotation is reduced and the same method of testing is used for each bone.

Euler-Bernoulli beam theory makes some assumptions that can introduce error into the data. The assumption that the beam cross-section is constant along its axis does not hold for chicken bones. To control for this, measurements will be focused in the area expected to break, and making the point at which the force is applied have similar cross-sectional areas. The assumption that the beam is loaded in its plane of symmetry will hold true if the bone does not rotate along the axis of its length. As previous proposed, allowing the plane to lie parallel to the long diameter by applying the force to the short diameter can minimize this problem. The last assumption that the chicken bone is isotropic does not hold true for this experiment, but only cross-sectional area of the break will be considered for the calculations.

Finally, a simple yet notably potential pitfall is homogeneity in testing each bone, specifically the time each bone stays in the solution. While testing one bone other bones are staying in the solution longer, allowing it to further degrade; this can affect the data gathered. In order to minimize this error, take out all the bones when the first bone is being tested and place them on moist paper towels as to keep them in a moist environment.
Budget
	Item
	Quantity
	Price/each item
	Total Price for Item

	Perdue Chicken Drumsticks - 6 per package
	30
	$2.26 
	$67.80 

	Hydrochloric Acid (0.1 M) - 1 Liter
	3
	$6.30 
	$18.90 

	Sodium Hydroxide (0.1 M) - 500mL
	8
	$29.90 
	$239.20 

	PLASTIBRAND® beaker, PP - 250 mL
	18
	$6.00 
	$108.00 

	 
	 
	Grand Total
	$433.90 


1. Perdue Chicken Drumsticks - 6 per package

Supplier: ACME Markets 
Website: http://shop.acmemarkets.com/store/?s=AA62B9F1-1A86-46FC-BEBF-C2883D056D99
2. Hydrochloric Acid (0.1 M) – 1 liter

Supplier: Science Kit & Boreal Laboratories 

Website: http://www.sciencekit.com/category.asp_Q_c_E_1024308
3. Sodium Hydroxide (0.1 M) – 500 mL

Supplier: Sigma Aldrich 

Website: http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=72079&Brand=FLUKA
4. PLASTIBRAND ® beaker, PP – 250 mL
Supplier: Sigma Aldrich 

Website: http://www.sigmaaldrich.com/catalog/search/SearchResultsPage/PricingAvailability/SIGMA;Z322695
Appendix
	Sample #
	
	bone diam long (in)
	bone diam short (in)
	marrow diam long (in)
	marrow diam short (in)
	moment inertia bone (in4)
	Cross-sectional area (in2)

	Dry
	1
	0.362
	0.232
	0.327
	0.197
	0.000100
	0.0156

	
	2
	0.362
	0.295
	0.291
	0.224
	0.000296
	0.0326

	
	3
	0.382
	0.323
	0.181
	0.181
	0.000578
	0.0711

	
	4
	0.429
	0.382
	0.252
	0.134
	0.00114
	0.102

	Wet
	1
	0.374
	0.350
	0.205
	0.205
	0.000704
	0.0700

	
	2
	0.417
	0.366
	0.240
	0.240
	0.000842
	0.0747

	
	3
	0.366
	0.327
	0.268
	0.228
	0.000471
	0.0460

	
	4
	0.335
	0.276
	0.228
	0.224
	0.000217
	0.0322


Table 1: Geometric data for all bone samples and the subsequent moment of inertia and cross-sectional area.
	Dry Bone
	Force (lb)
	Deformation (in)
	Stress (lb/in2)
	Strain 

	Average
	74.8
	0.191
	88982
	0.0692

	Variance
	617
	0.000798
	2268274821
	0.000105

	Standard Deviation
	24.8
	0.0283
	47600
	0.0103

	Wet Bone
	Force (lb)
	Deformation (in)
	Stress (lb/in2)
	Strain 

	Average
	71.3
	0.157
	63992
	0.0570

	Variance
	426
	0.00213
	210006956
	0.000281

	Standard Deviation
	20.6
	0.0462
	14500
	0.0168


Table 2: Average failure data for the dry and wet bone specimens. 
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Figure 1: Force vs. Displacement graph for the third trial of wet bone. 
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