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Background


Calcium is an essential mineral in the body; it is integral in controlling muscle contraction, blood clotting, cell structure, and blood pressure regulation.  As the most abundant mineral in humans, it forms 21% of bone composition (95% of all the calcium in the body).
  In the degenerative disease osteoporosis, a decrease in the bone mineral density leads to weaker structural integrity of the bones, increasing the risk of bone fracture and curvature of the spine.  Primarily caused by an inadequate supply of calcium, the symptoms of osteoporosis are a prime example of the importance of calcium in bones strength and structure.  

From the results of Experiment 4: “Fracture Properties of Chicken Bones: Bending Testing”, it was determined that the thickness of a chicken bone’s cortical layer possessed no significant correlation to the strength of the bone. From the regression line on the plot of fracture force versus thickness (Reference Appendix Chart 1), the coefficient of determination (R2) value of 0.256 indicated a poor relationship between fracture force and thickness.  

Drawing on the significance of calcium and the results of Experiment 4, this experiment aims to quantify the relationship between bone fracture strength and the amount of calcium that is removed from bone. This can be accomplished by soaking chicken bones in Rapid Decalcification Formulation (RDF) and comparing the results of the fracture tests.  RDF decalcifies bone by reacting hydrochloric acid and ethylenediaminetetraacetic acid with the calcium hydroxyapatite (Ca10(PO4)6(OH)2) present in bone. With results from Experiment 4 yielding average fracture strength of 362N, it is believed that the removal of calcium will effectively lower fracture forces due to structural deterioration. 

Hypothesis/Objective and Aim

The main objective of this experiment is to understand how calcium loss from bone affects bone fracture strength, determined as the force in Newtons at which the bone breaks when subjected to the 3-point bending jig of the Instron machine.

The central hypothesis is that the relationship between bone fracture strength and mass of calcium extracted per bone mass is linearly decreasing as evidenced by a plot of average fracture strength (N) versus average mass ratio of calcium extracted to bone (g/g) yielding a linear fit line with a negative slope and R2 value exceeding 0.95.

Equipment

Major Equipment:

· Instron Model 4444 with Customized Bending Jig is needed to perform 3 point bending tests in determining fracture force of chicken bones.

Lab equipment:

· Analytic Balance to mass bones after cleaning, filter paper, and calcium phosphate precipitated out of solution. 

· 100ml Graduated Cylinder to measure out volumes of RDF and phosphoric acid.

· Tongs to remove bones from RDF solution.
· Glass rod, filter paper used in Gravity Filtration: 1) glass rod allows accurate pouring of solution into funnel 2) filter paper will collect calcium phosphate precipitate (other filter materials will be purchased).

· Watch glass to hold filter paper and calcium phosphate during drying.
Supplies:

· Knives, cutting board to be used in cleaning chicken bones
Newly purchased equipment (fully elaborated on in Budget Section):

· Fresh Chicken Legs to be used as structural elements to be decalcified and tested for fracture force.

· 150ml beakers to hold bone specimens during decalcification and collect filtrate during filtration.

· Utility funnel to be used in filter, will hold filter paper in filtration process.
· RDF to decalcify bone in efficient matter, obtain significant amount of calcium removed.
Phosphoric acid (H3PO4) to precipitate decalcified calcium out of the solution, allowing a quantitative analysis on the amount of calcium precipitated.

Proposed Protocol and Methods

Bone cleansing and measurements

1. Remove the bone’s muscle, skin and tendons using a knife and cutting board. Try to clean each bone as much as possible such that only the bone itself remains. 

2. Mass the bone using the analytic balance and record the mass. 

3. Store the bones on a moist paper towel until needed.  The testing will be done with groups of 5 bones for each trial section, and there are 5 total sections.  

Bone Decalcification

1. Prepare 20 150-ml beakers each containing 100ml of RDF for bone decalcification. 100ml of RDF is enough to completely submerge
 and decalcify each bone
. 

2. Place each bone from sections 1, 2, 3, 4 in separate beakers.  Section 5 is the control, and the bones will not undergo decalcification.  Allow bones from sections 1, 2, 3, 4, to soak for 1, 2, 3, 4 hours respectively.  

3. After the trial time for each section has been reached, carefully remove that section’s bones from the beakers using tongs.

3. Bone Fracture
1. Place each bone in the 3-point bending jig and break it using the Instron Machine model 4444, using a crosshead speed of 5 inches/minute and sampling rate of 10 points/second
.  

2. Record the fracture force for the point where each of the 25 bones broke (Reference Appendix Chart 2).  Breaking is termed as the point where the bone completely breaks into at least 2 pieces, rather than a crack in the bone. 

3. Discard the broken bones.



 

4. Calcium precipitation

1. Add 12 ml of 8.67M phosphoric acid (Reference Appendix 1. Calculation B) to each of the beakers containing the used RDF. Phosphoric acid will form calcium phosphate, which will then precipitate out of the solution.   

2. Perform a gravity filtration, using a pre-massed piece of filter paper.  Place the filter paper inside the funnel and allow the solution to drip through to filter the calcium phosphate solid out of the solution, and allow it to air dry for 1.5 hours.
 

3. Mass the calcium phosphate on the analytical balance and calculate the amount of calcium extracted from each bone.  

5. Graphing and Calculations

1. Calculate mass of calcium extracted from each bone using the mass of calcium phosphate extracted.  

2. Tabulate the original bone masses and fracture strengths.  

3. Plot a graph of Average fracture force (N) vs. Average mass ratio of calcium extracted per bone then use a linear regression to find the coefficient of determination.  

Anticipated Results

The 5 bones in each section are decalcified to the same degree by immersion in RDF for the same time. Calcium, Ca, is then precipitated by phosphate ions and extracted from the RDF solution by gravity filtration. Since the chemical formula for calcium phosphate is (Ca)3​(PO4)2, mass of Ca extracted = (Mass of precipitate/Molar mass of precipitate)*3*40.078, where molar mass of precipitate is 310.18g/mol.
 This value is then divided by the mass of the respective bone (before RDF immersion) to eliminate bone mass as a variable that affects amount of calcium extracted and might in turn affect bone fracture strength values. The mass ratio of Ca extracted to bone is then averaged out for all 5 bones in the group. Fracture strength for all bones are also averaged out within each group and shown in the following table.

Figure 1. Average fracture strength and Average mass ratio of calcium extracted to bone for the 5 sections of bones.

	
	Group 1
	Group 2
	Group 3
	Group 4
	Group 5

	Time of immersion in RDF (hrs)
	0
	1
	2
	3
	4

	Average mass ratio of Ca extracted to bone (g/g)
	0.00
	0.02
	0.04
	0.07
	0.09

	Average Fracture Strength (N)
	362
	330
	305
	268
	232


Decalcification occurs too slowly through a large bone surface area and thus it is unlikely that all of the calcium will be extracted. Since bone is comprised of about 21% Ca by mass, the mass ratio values (Ca extracted to bone), ought not to exceed the maximum value of 0.21 even after 4 hours of decalcification. Group 1 bones are not immersed in RDF and are approximated to have 0g Ca extracted. They also ought to have the highest average bone fracture strength of 362N
 since they were not decalcified. Calcium loss has been highly correlated with bone loss in osteoporosis,
,
,
 Therefore, it is anticipated that across the groups, as bones are immersed in RDF for a longer time, causing the extraction of more calcium, there will be a resulting linear decrease in the average bone fracture strength, as illustrated in the following plot.

 [image: image1.emf]R

2

 = 0.9958

200

220

240

260

280

300

320

340

360

380

00.020.040.060.080.1

Average mass ratio of Ca extracted to bone (g/g)

Fracture Strength (N)


Potential Pitfalls and Alternative Methods

One major pitfall is that calcium is not necessarily the only mineral extracted when the bone is exposed to RDF.  This is important because both zinc and magnesium, which are also found in bone, could be extracted out and later on precipitate in H3PO4.  This would result in inaccurate calculations of calcium mass extracted from bone, which are calculated based on mass of precipitate.  By using qualitative analysis,
 specific solutions could be added to precipitate the other mineral cations and remove them from the soaking mixture. This way, only calcium would precipitate upon addition of H3PO4. 


Furthermore, the RDF concentration may be too low, leading it to be saturated with calcium before the soak time is complete.  This is a fairly straightforward problem that can only be addressed after several trials and groups have completed the lab.  It will be possible to detect when there is a fairly linear relationship between the fracture force and amount of calcium until the graph plateaus.  This indicates the amount of calcium removed remains unchanged because the RDF has reached its maximum capability.  In this case, an alternative method would be to change the soaking durations to 15, 30 and 45 minutes depending on when the graph began leveling out.  If it only plateaus at the 3 or 4 hour mark, the bone sections could be immersed at 30 minute increments in order to see more drastic changes in the relationship between calcium extracted and fracture force.


Another potential pitfall is the non-uniform mass and shape of the individual bone specimens.  Although from Experiment 4 it was determined there was no significant correlation between fracture strength and bone thickness, results suggested a possible correlation between fracture strength and the other bone dimensions (e.g. length or surface area).  This means that some of the differences in fracture strength could partially be due to the variation in the bone dimensions, skewing the calcium-fracture force relationship.  There is no real solution to this problem, since all bones are inherently different and we are unable to control the bones’ dimensions so we can only assume the bones are of approximately equal mass and shape.


In addition, there could be difficulty in recovering all of the precipitate during the gravity filtration process, which will cause inaccuracies in calculating mass of calcium extracted.  First, some of the calcium may pass through the filter paper, and be loss in the filtrate. This can be amended by re-filtration of the filtrate to recover any calcium precipitate that was not recovered in the first filtration.  Second, the process of transferring the solution from the beaker to the filter, moving the filter paper to dry on the watch glass, and the actual weighing process can all result in loss of calcium precipitate.  This can be amended by more efficient and careful experimental techniques to ensure that no calcium is lost in the recovery steps.


Lastly, we assumed that all the bones have a similar composition by mass of calcium. This may be flawed since bone calcium composition is also dependent on the different diets of the chickens and their abilities to retain calcium in their bones. If there is actually variability in bone calcium composition, the calcium-fracture strength relationship deduced from our results will also be inaccurate. Since there is no practical way to ensure the bones are identical prior to treatment, it is only possible to assume the calcium concentration in chicken bones is consistent across the population with relatively minor variations.

Budget

[image: image2.emf]ProductManufacturer: Catalog #Price/UnitQuantityTotal Price

Fresh Chicken LegsFresh Grocer: 40th and Walnut$0.89/lb250$222.50

150mL BeakerFisher Scientific: S30747-1 $25.45/(Pk/10)3$76.35

Utility Funnel Fisher Scientific: S34566 $59.95/(Pk/12)1$59.95

RDF Statlab: D1210-1 $49.00/gal14$686.00

H

3

PO

4

, 85% (8.67 M)Fisher Scientific: S93326 $22.05/L6$132.30

Total:$1,177.10


*Note: calculations for quantity purchased are assumed for 20 groups. (Reference Appendix 1. Calculation A and B)

Fresh Chicken Leg:

The chicken legs provide the basis of this study on fracture strength and calcium removed.  Each group needs 25 legs total. There are about 2 legs/lb of chicken.  Therefore we need to purchase 250 lbs of chicken legs.  

150mL Beaker:

The setup of the chicken bone and RDF requires 25 beakers for each of the 25 legs.  The additional 5 beakers will used in the setup of the Gravity Filter. The lab currently does not have this many beakers, so they need to be purchased. 

Utility Funnel: 
5 funnels will be used in the Gravity Filter.  The other funnels will be spare funnels used to help in measuring out the other solutions.

RDF:

Rapid Decalcification Formulation is required as an efficient chelating agent to remove calcium from the bone.  It was chosen over other products such as EDTA, which require more time than is available in the lab for decalcification.  Statlab states that small bone samples can be fully decalcified in 1 hour, which should provide significant decalcification in the time intervals we have specified in protocol.  


Phosphoric acid (H3PO4):

Phosphate readily forms precipitate (Ksp = 1.3 x 10-32) with calcium ions.
  Therefore, the precipitation with phosphoric acid will be an effective method to quantify the amount of calcium removed from the bones.  

Appendix

Chart 1. Experiment 4: Graph of Fracture Force (N) vs. Bone Thickness (mm)
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Chart 2. Experiment 4: Graph of Force (N) vs. Displacement (mm)
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1. Calculations

A. Total volume of RDF needed = 100ml/bone * 5 bones/group * 5 groups of bones/lab group * 20 lab groups = 50L < 14 Gal
B. Total volume of H3PO4
Mass of Bone = 29g

Ca mass = 29g * 21% = 6.09g (assuming bone is indeed 21% Calcium)

Moles of Ca = 6.09 / 40g/mol = 0.15225mol

Moles of PO4- needed = 0.15225 * 2/3 = 0.1015mol per bone 

H3PO4 supplied in 85% mass concentration = 850g/L

Molar concentration of H3PO4 = 850 / molar mass of H3PO4 = 850/98 = 8.67 M 

Volume H3PO4 = 0.1015 mol / 8.67M = 11.71 ml < 12.00 ml

Therefore, adding 12.00 ml H3PO4 per bone will be in excess 

Total volume of H3PO4 needed = 12.00ml/bone * 5 bones * 5 sections * 20 groups = 6 L
































































Fracture Point





Figure 2. Plot illustrating effects of 


calcium extraction on bone fracture


strength. Linear fit of points has a 


negative slope and R2=0.9958>0.95. 


This shows that there is a linear 


decreasing relationship between 


amount of Ca extracted and 


bone fracture strength.














� Composition of Cortical Bone <http://physics.nist.gov/cgi-bin/Star/compos.pl?matno=120>


� Based on our Experiment 4: Fracture Properties of Chicken Bones: Bending Testing results, the average bone is 12.7cm tall.


� Statlab medical products <http://www.statlab.com/Protocol/HistologyDecalcification.htm>


� Based on our Experiment 4 protocol: provided sufficient data points for plotting of force vs. displacement


� It is important that the calcium phosphate precipitate be completely dry so that accurate measurements can be made.


� Chemistry Periodic Table <http://www.webelements.com/>


� Based on our Experiment 4 bone fracture strength results


� Preventing osteoporosis-related fractures: an overview <http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16563939&query_hl=9&itool=pubmed_docsum>


� How calcium effects Osteoporosis <http://www.endocrineweb.com/osteo.html>


� Osteoporosis in Women <http://familydoctor.org/136.xml>


� Chemical Principles 5th edition by Steven S. Zumdahl, Fig. 8.13


� Chemical Principles 5th edition by Steven S. Zumdahl, Table 8.5
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		Product		Manufacturer: Catalog #		Price/Unit		Quantity		Total Price

		Fresh Chicken Legs		Fresh Grocer: 40th and Walnut		$0.89/lb		250		$222.50

		150mL Beaker		Fisher Scientific: S30747-1		$25.45/(Pk/10)		3		$76.35

		Utility Funnel		Fisher Scientific: S34566		$59.95/(Pk/12)		1		$59.95

		RDF		Statlab: D1210-1		$49.00/gal		14		$686.00

		H3PO4, 85% (8.67 M)		Fisher Scientific: S93326		$22.05/L		6		$132.30

								Total:		$1,177.10
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