
BACKGROUND
Bone is comprised of a metabolically active cellular portion of bone tissue outside and a matrix of collagen fibers and crystalline salts.  The mineral in bone contributes to its strength in compression.  Hydroxyapetite is the most abundant mineral found in the bone composite[1].  Information on the contribution of hydroxyapetite in bone strength could enhance future bone repair, implant research and development, and laboratory techniques. Hydroxyapetite crystals Ca10[PO4]6[0H]2 which exists in the following equilibrium: Ca5(PO4)3OH (s)  «---»  5 Ca+2  +  3 PO4-3  +  OH--; Ksp = 6.8 x 10-37. The solubility product of hydroxyapetite is very low which indicates that it will not dissociate into its ions very easily which is why it is such a strong mineral in bones.  Under Le Chatlier’s Principle, addition of a strong acid such as HCl reacts with the hydroxyl ion and the phosphate ion which shifts the equilibrium to favor the products thus dissociating the hydroxyapetite and de-mineralizing the bone.  Previous experiments have been used to investigate the neutralization of phosphoric acid and to elucidate the titration curve of phosphoric acid (See Appendix for Titration Curve).  The ions that exist in equilibrium are both basic and are easily neutralized in Cal-Ex.  Therefore, monitoring the pH will shed light on the success or failure of demineralization.
The hydroxyapetite will degrade by surface erosion (slow erosion) and not bulk erosion.  Cal-Ex will be used to de-mineralize the bone.  Cal Ex is a de-calcifier for human and animal calcified tissues, bone, cartilage, and other hard specimens.  It contains HCl (5.5%) and a chelator, disodium EDTA (.12%)[2], and is commonly used in labs to de-mineralize bone. Previous experiments using CalEx have de-mineralized bones from between 72hrs- 10 days[3, 4].  
A 3 point bending test performed on the Instron will be used to determine the Elastic Modulus from a force/displacement curve.  From previous experiments, the appropriate rate for a clear and smooth 3 point bending test is .25 in/min with a sample rate of 1 point/sec.  Refer to the Lab Manual for greater detail on 3 point bending.  Furthermore, the cross- sectional area of the bone is assumed to be an annulus as done in previous experiments.  
Hypothesis
The hypothesis of this experiment is that Cal-Ex de-mineralized bones will have a lower Young’s Modulus than that of control bones maintained in de-ionized water.  A sub-aim is to investigate percent demineralization of me is bones that have been de-mineralized for only 5 hours to see if this amount of is sufficient to create a statistically significant change in the Young’s Modulus.
EQUIPMENT
Major Equipment:
· Instron Model 4444- used to perform 3 point bending.  The machine has a 3 point bending system with simple supports on the bottom and a single beam (the 3rd point) on top that can move up and down depending on the setting.  The machine will display the signal of the reaction force and the applied displacement that is provided by the 3rd point of the machine.  A force versus deformation (linear displacement) plot will be displayed in LabView.  It is important to save each run on a separate folder on one student’s S drive and to name the file before the run has occurred.  The sample rate of all measurements in LabView is measured in the English system so the crosshead must be entered in in/min; the load corresponds to lbs.  The appropriate direction is down so that a 3 point bending test can be performed.  It is important to keep an eye on the course of the experiment so that the experiment can be stopped once failure has taken place.  Failure is the point at which there is no longer an increase on the force vs. deformation curve.  

· Lab Hood will be used to prevent the accumulation of any fumes that could be harmful to students performing the experiment. 
Lab equipment:
· Electronic Balance
· Scalpel
· 3 x 1000mL beakers
· Safety Glasses
· Knives and cutting board
· scissors
· Length measuring instruments: calipers and rulers
· Customize Bending Jig (variable positions of beam supports)
· pH Meter
· magnetic stirrer
· stirrer
· de-ionized water
· wood sticks
Supplies:

· Gloves
· Standardization Buffers
· 10 Chicken Bones

· 1L of Cal Ex
Newly Purchase Equipped:

No newly purchased equipment will be used.

The Cal Ex is a necessary purchase because it is will enhance the demineralization of the bones.  Only hydrochloric acid could be used, but the chelator helps prevent re-mineralization of the bone and thus increases the efficiency of demineralization.  Since time is an important limitation, any agents that enhance the speed of the reaction is necessary.
Protocol:

1. Remove all of the tissue, clean, and mass 10 chicken bones.  Develop a system to keep track of each bone and its weight. Divide the bones into 2 groups, Group 1 (G1) and Group 2 (G2) with each group having a roughly equal average mass.
2. Calibrate the pH meter using the 4, 7, and 10 standardization buffers as described in the Lab Manual.       

3. Place the G1 bones in a 1000mL beaker containing de-ionized water.  Place G2 bones in enough Cal-Ex to completely submerge the bones, they should be in a teepee arrangement with enough room for a magnetic stirrer to spin unhindered. G2 bones should be submerged for 5 hours.  The bones and Cal-Ex should remain under the hood throughout the entire experiment.  

4. Monitor and record the pH of the bones in the Cal-Ex throughout the course of the experiment at convenient time intervals; keep the interval constant throughout the entire experiment.    
5. While Group 2 bones are de-mineralizing calibrate and verify the load cell transducer settings and open the LabView program for the Instron as described in the lab manual.  

6. Set the Instron to move downward at a crosshead speed of 0.25 in/min and data collection rate at 1 point/sec.  Practice running the 3- point bending test using wooden sticks.  
7. Place each bone on the simple supports so that the distal end of the bone is on the left side of the Instron.  The anterior face of the bone should be lying on the supports.  

8. Mark where the crosshead will hit the bone and take the outside diameter (do) using a dial caliper at that point. Run the Instron until fracture occurs and manually stop it.  Take note of the fracture pattern and the course of the reaction.  Ensure that the file names are changed for each experiment.

9. Measure the inside diameter (di) after fracture.  Repeat for all 5 G1 bones.

10. After the G2 bones have de-mineralized for 5 hours transfer them to a separate 1000mL beaker containing de-ionized.  
11. Mass each G2 bone again to determine a change in mass.  Use the initial (I) and final (F) mass to determine the percent change in mass.  Record the percent demineralization for each bone.
12. Make a plot of percent demineralization as a function of bone mass.  Note any trends in the plot.  
13. Using the data recorded by LabView, create a force (P) vs. deformation plot in Matlab for each bone sample on the same plot.  Determine the displacement for the end of the tow line, and the displacement that corresponds to the maximum P for each specimen.  Record the maximum P and the difference between the two displacement values as Δy.  Determine the Young’s Modulus (E) see equation in Appendix. 
14. Perform a one tailed-two sample t-test assuming unequal variances to determine if there is significant decrease in the Young’s Modulus between G1 and G2 bones.  

Safety Precautions:

1. Keep hands and fingers away from the Instron at all times.  
2. Gloves and safety glasses should be used at all times; Cal-Ex will burn eyes and skin.

3. All steps involving Cal Ex should be done under the hood.

Potential Pitfalls and Alternative Methods:

Time is the overall limitation in this experiment.  I have not been able to find any lab that has used Cal-Ex for a period less than 3 days.  The longest time period I found is 10 days.  This time limitation has an enormous effect on the overall course of the experiment because the time of reaction is directly proportional to demineralization.  
An important difference between my experiment and other experiments is that I am not trying to completely de-mineralize the bone.   Laboratories de-mineralize bone as a way to control their experiment by elimination of the mineral as a variable.  Complete demineralization destroys all structural integrity of the bone and would not be useful in a 3 point bending test[2]. Therefore only partial demineralization is necessary.  Fortunately, the degree of de-mineralization is the variable of interest.  As long as the demineralization time is specified and the degree of mineralization is quantified it should not affect the accuracy of this experiment.  
Since Cal-Ex is a popular material in labs, I’m not too concerned with side reactions within the bone.  Side reactions also aren’t a concern because the Cal-Ex will be in excess.  

The degree of demineralization will depend on the surface area of the bone.  Since the bone is porous, the bone should have a fairly high surface area.  Another key assumption I have made is that like most erosions, degradations, and equilibriums the rate of the initial reaction will be much higher in the beginning and then will decrease so the 5 hours that the bone will be in the solution will be the 5 hours with the greatest rate of degradation.  The magnetic stirrer is used to enhance the dynamics in the solution in order to speed up the degradation.

Further confirmation of the demineralization comes from monitoring the pH.  The bones dissociate into bases and will neutralize the acid so the pH meter is simply an indicator to make sure that the Cal-Ex is working.   

The control bone samples are assumed to have 0% demineralization.  If I assume that 72 hours is 100% demineralization, then the maximum demineralization I can attain is approximately 7 %.  I will consider the experiment to be a success if there is at least a statistically significant difference in the elastic moduli of each group.  

Another source of error lies in the moment of inertia and specifically, bone geometry.  Each bone is different and none of them will be perfectly circular.  Each group is designed to have similar average masses to help control this error.  I assumed that deviations from circular geometry are similar between bones of similar mass/size; therefore, each group is designed to cancel out error due to bone geometry.  Furthermore, having groups with a similar average will make any significant difference stronger because I have controlled for mass.  
Budget for 20 BE groups of 4:
Chicken Legs [5] - 14 x 16 pc. Chicken drumsticks @$4.95 ea = $66.50
Genuardi’s Grocery store- The bones will be maintained in the freezer to maintain their freshness.  Also no chicken bones will be used that are past their expiration date. 
Fisher Cal-Ex* Decalcifier, Fisher Chemical[6]- 3 x 10L bottles @ $147.95 ea = $443.85
Fischer Scientific- Each group will be allotted 1L of Cal-Ex to use in their experiment.  There will be 10 extra Liters just in case. 
Oakton* Buffer Solution[7]- 3 x 1 L buffer solution (pH 4, 7, 10) @ $23.37 ea = $70.11
Cole Parmer Instruments Company via Fischer Scientfic.com   Approximately 5 mL will be used of each buffer by each group. 
Total Expenditures- $580.46
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Appendix

	Sample #
	Mass
	Average

	1
	22.2
	21.92

	2
	20.6
	

	4
	20.6
	

	7
	22.2
	

	9
	24
	

	3
	17.2
	21.7

	5
	21
	

	6
	21.9
	

	8
	23.6
	

	10
	24.8
	


Table 1: This table, taken from previous experiments shows how bone groups can be organized to give similar average bone masses across a group.   
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Equation 1. Elastic Modulus calculated from force at failure (P), length (L), moment of inertia (I), and defection (
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Equation 2. Second moment of inertia (I) for a hollow cylinder.
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Figure 1 shows the titration curve formed from diluting Phosphoric Acid with Sodium Hydroxide.
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