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Background

A standard treatment for a fractured bone is the insertion of a metal intramedullary rod into the bone marrow cavity, followed by locking on both sides of the fracture with additional nails.  This interlocking technique is commonly used to support and reunite fractures.  The chicken tibiotarsus, commonly known as the drumstick, is analogous to the human tibia (Lien, 2002) and will thus be subjected to fracture, reconstruction using a tibial interlocking nail system, and re-fracture using an Instron Model 4444 three-point bending test.  A previous study in the course has yielded clean, vertical fractures in the middle of chicken tibiotarsi subjected to the three-point bending test, and this fracture pattern can be expected for the unsupported bones in this study.  The nail system proposed for this study (Diagram 1, Appendix) is analogous to a typical interlocking nail system for human tibial fractures (Bone, 1986).  Titanium rods and screws will be used, since this metal is commonly employed in orthopedics due to its biocompatibility and strength (Leondes, 2005).  The fracture energy of five unsupported bones will be determined in Matlab.  Subsequently, nail systems will be installed into each of the fractured bones using a power drill, and the same bending test and analysis will be performed.  Since the interlocking nail technique has demonstrated greater short-term fracture stability over other methods of fracture union (Bhat, 2006), it is expected that the newly supported bones will demonstrate a fracture energy comparable to that of unsupported bones, suggesting that mechanical function has been sustained after fracture.
Hypothesis/Objective & Aims
Objectives:

· Analyze force-displacement graphs of fractured beams by performing integration in Matlab to yield fracture energy.
· Become familiar with a simplified method of intramedullary nailing in response to a complete, vertical fracture.
· Consider the possible shortcomings of the interlocking nail technique.

Hypothesis:

Chicken tibiotarsi reconstructed after fracturing using an interlocking intramedullar nail technique will not exhibit significantly different fracture energies than unfractured, unsupported chicken tibiotarsi.
Equipment
Major equipment:

· Instron Model 4444 benchtop testing machine

This mechanical testing machine is needed to perform the three-point bending test and collect force-displacement data. 
Lab equipment:

· Weight set: 500 g, 1 kg, 2 kg
Various weights are needed to initially calibrate the Instron to known loads.

· Customized bending jig

The bending jig provides an appropriate platform on which a beam can be subjected to the three-point bending test.

· Knife and cutting board

The knife and cutting board are needed to effectively strip the meat from chicken legs.

· Five 250 mL plastic containers per group
Containers are needed to store the chicken legs in water when they are not being tested.
Supplies:

· Five bone-in chicken legs per group
Bare chicken bones will be the subjects of the study.

Newly purchased equipment:

· Five titanium rods per group
The rods will be inserted lengthwise into the chicken bone marrow after fracture; it acts as a connector between the fractured bone segments for the interlocking nail system.

· Ten titanium screws per group
The screws are needed to connect the rod to the bone and lock the rod in place.

· Power Screwdriver
The screwdriver is needed to drive the screws through the bone and into the proximal and distal holes of the intramedullary rod.
· Power Drill

The drill is needed to create proximal and distal holes for the screws to be driven through.

· Hammer

The hammer is potentially needed to drive the rod through the bone marrow.
Proposed Methods & Analysis
A. Dissection and Testing of Unsupported Bones (2 hours)
· Using the knife and cutting board, remove the meat from the chicken legs, storing each leg in a separate, labeled container of water as they are prepared.

· Calibrate the Instron as detailed in the BE 210 Lab Manual.  Set the crosshead speed to 5 in/min and 20 points/sec to ensure an adequate number of data points.

· Perform the three-point bending test on Bone 1, making sure to save the force-displacement data with an identifying filename.  After fracture, place the two bone segments back into the appropriate container.

· Repeat for Bones 2-5.

· Note the fracture patterns for each bone sample.

B. Insertion of Interlocking Nail System and Testing of Supported Bones (2 hours)
· Drill two holes in each titanium rod, 3 cm from each end of the rod.
· Carefully insert one end of the rod into the marrow of a fractured Bone 1 segment.  If needed, gently use a hammer to drive the rod in until half of it is inserted into the bone.
· Repeat with the other half of Bone 1, fully encapsulating the rod inside the bone.

· Use the power screwdriver to drill a titanium screw into the anterior side of the bone directly above one of the holes until the head of the screw rests on the surface of the bone.  Repeat with another screw at the other end of the bone.
· Repeat for Bones 2-5.

· Perform the three-point bending tests on each of the bones as detailed in Part A, with the same sampling frequency.

· Note the fracture patterns for each bone sample.

C. Data Analysis (2 hours)
· Using Matlab, find the area under the force-displacement curve of Unsupported Bone 1 from the first point of observable increase in force to the failure point of each graph.

· Repeat for Unsupported Bones 2-5 and Supported Bones 1-5, yielding 5 fracture energies for each of the two groups.

· Perform a paired two-tailed t-test assuming unequal variances between the five supported and five unsupported bones, being sure to match corresponding bone numbers.

Potential Pitfalls and Alternative Methods/Analysis
A significant concern in the bending of bones supported with the interlocking nail system is a possible decrease in fracture energy due to the non-uniformity of the beams.  In general, a complication that arises in the bending of non-uniform beams is the concept of stress concentration.  All materials contain imperfections that lower the experimental fracture strengths of materials by up to 1000 times its theoretical value (Noble, 1997).  Force is not evenly distributed through a non-uniform material, and thus these imperfections are expected to experience amplified stress and propagate as the object is subjected to loads.  This theory can be extended a macroscopic level.  Holes and notches are areas of stress concentration, and thus result in a similar lowering of fracture strength (Callister, 1994).
Since the presence of holes at the proximal and distal ends of the intramedullary rod is necessary for the interlocking nails, it is important to examine the potential risks involved in mechanical loading of the nail system.  In fact, the pitfalls of the interlocking nail technique in relation to stress concentration have been previously recognized.  Because the proximal and distal holes are examples of macroscopic imperfections, it is expected that they act as areas of stress concentration, and bring about quicker failure and thus lower fracture energy when subjected to a three-point bending test.  An outside study confirms this, noting that failure occurred at the screw site at a high rate, specifically in 7 out of 9 tibial fractures (Bhat, 2006).  If failure at the screw site adversely affects the results of this study, it is possible that a reduction of hole size and an increase in the distance between the holes will improve the fracture strength of the bone on a second attempt.  Doing so will decrease the two areas of stress concentration and increase the area of load distribution over a uniform segment of bone, respectively.
Other logistical concerns involve the method of installation of the nail system to be used.  This procedure is normally performed in a surgical context with the use of reamers, fluoroscopy, and other cutting-edge medical techniques.  Since this study will be performed in vitro, the use of orthopedic surgery techniques would not be practical, but may not yield the desired results.  With additional time and resources, a reamer may be purchased in order to emulate implementation of the interlocking nail system more completely.  

A number of post-operative precautions are taken in a clinical context to ensure that failure does not occur, indicating that the technique is still being developed to completely restore mechanical function after a fracture.  It is still unclear what lengths and diameters of the intramedullary rod and screws produce the best result on varying sizes and properties of human bones, and less is known in the context of chicken bones.  Long rods and small screws are suggested for this study in an attempt to minimize the aforementioned stress concentration; these dimensions can be further modified in future studies.
Budget
	Purchase
	Manufacturer
	Price
	Specifications

	Pro-Grade Power Drill (1)
	Hitachi
	$144.62/ea
	1/2” chuck size (for a variety of bits)
1/16” bit (to match screws)

	Heavy-Duty Screwdriver (1)
	DeWalt
	$99.00/ea
	1/4” chuck size
6.3 Amps

	Titanium screws (100)
	Small Parts, Inc.
	$4.20/ea
	Ti 6AL 4V (90% Ti, 6% Al, 4% V)
Diameter: 1/16”

Length: 1/8”

	Titanium rod (50)
	Small Parts, Inc.
	$23.05/ea
	CP2 (99% Ti)

Diameter: 1/4”
Length: 6”

	Hammer (1)
	Estwing
	$31.96/ea
	Durable steel hammer

	Chicken legs (50)
	Foster Farms
	$2.50/ea
	Bone-in drumsticks


Table 1.  Detailed listing of required purchases for this study.  Ten groups were assumed, with a total cost of $1995.58.
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Diagram 1.  The proposed nail system consisting of a rod inserted into the bone marrow, with two identical screws on the proximal and distal sides of the fracture (arbitrarily defined).
