Ortho 656


Lecture 5 Study Guide 



2-10-2004
Properties of Orthodontic Arch Wires

The lecture should help you answer the following questions by understanding the concepts:

1. What is the difference between a load-elongation curve and a stress-strain curve (I will explain this in class, specifically, no quiz question on this)
· L/E curve does NOT take into consideration the geometry of the specimen – aka extrinsic stiffness (the L/E curve is also called the Force/Elongation and Load/Deformation curve)
· S/S curve normalizes the geometry out – aka intrinsic stiffness
· Elastic modulus cannot be obtained from a load-elongation curve.
Stress (() = Force =F/A

         Area

Strain (() = Change in length = (l/L

         Original length

(/( = E (Elastic Modulus) when specimen tested in tension or compression
2. Understand the meaning of the following terms in relation to the load-elongation or stress-strain curve (In your text book, and appear on Boards)
· Proportion Limit – the point at which any permanent deformation is first observed.
· Yield Point – the point at which a deformation of 0.1% is measured, the wire will not return to its original state after this (some amount of deformation has occurred)
· Ultimate Tensile Strength – the maximum load the wire can sustain, it is reached after some permanent deformation and is greater than the yield strength.
· Failure Point – the point at which the wire breaks
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3. Understand the  meaning of the following terms used in orthodontics (in your textbook and appear on Boards)
· Stiffness – is proportional to the slope of  the linear (or elastic) portion of the L/E curve (the more vertical the slope, the stiffer the wire)  Stiffness is proportional to E (elastic modulus)
· Springiness = 1/stiffness or 1/E; is proportional to the slope of the elastic portion of the force-deflection curve (the more horizontal the slope, the springier the wire)
· Range – the distance that the wire will bend elastically before permanent deformation occurs (mm) 
Strength = Stiffness x Range
· Resilience – the area under the stress-strain curve out to the proportional limit.
· Formability – the amount of permanent bending the wire will tolerate (while being formed into a clinically useful spring, for instance) before it breaks or fails.  It is the area under the S/S curve from yield point out to the failure point.
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4. Orthodontists typically alter 3 attributes of a wire material to apply desirable tooth moving forces:
· Size – Changing the dimensions of the wire
· Shape – Round or Rectangular
· Composition – NiTi (nickel titanium), TMA (please note this is also referred to as beta Titanium, do not confuse with NiTi), and Stainless Steel
5. What is the effect of changing size, shape and composition on Strength, Springiness and Range of an orthodontic wire. 
SIZE:  E.g., an increase in diameter of a wire: increases both stiffness and strength, but decreases both springiness and range; it is the opposite for increasing the length.
2x Diameter =    8x ↑ Strength


   =  16x ↑ Stiffness


   = 1/16 ↓ Springiness




   =  1/2  ↓ Range

2x Length  =  8x ↑ Springiness (cube)

=  4x ↑ Range 
(square)

      = 1/2 ↓ Strength
 
      = 1/8 ↓ Stiffness
SHAPE:  Rectangular wires elicit more force
· Ex:  if you go from a “16” round to a “16” rectangular wire, the stiffness is increased  1.7 times.

Composition:  
· NiTi = exceptional springiness  (very difficult to define a yield point)  
1. Shape Memory
2. SuperElastic
· TMA = intermediate
· Stainless Steel =  exceptional stiffness
· Usual Wire Sequence in Ortho
1. Round or Rectangular NiTi
2. Round SS
3. Rectangular TMA and /or SS
6. What does incorporating a loop (adding length) into an orthodontic wire do to change its Strength, Springiness and Range (Seen as a Board question)
· Springiness increases as a cubic function of the increase in length of the beam

· Strength decreases only in direct proportion of the increase in length of the beam (strength varies inversely with length)
· Range increases as a square
· Loops and helices are used in arch wires primarily to

1. align teeth

2. increase force of the wires

3. increase flexibility of the wires

4. hold soft tissues away from orthodontic brackets
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