
When it comes to moving teeth, treatment always comes down
to the wire.  It is the archwire that supplies the forces necessary
to move the teeth via the brackets/bands.  Two forces can be
exerted by the wire: translational and torsional.  Friction
between the wire and the bracket slot is the enemy, particularly
when it comes to closing gaps.  In the early and intermediate
phases of treatment, the focus is on leveling, uprighting, and
rotating the teeth. During these phases, the wire exerts the most
force at any time during treatment and moves the teeth the
greatest distance.  To determine how an archwire will perform
these functions, the data supplied by a 3 Point Bend Test is the
most relevant.  A 3 Point Bend Test measures the forces neces-
sary to deflect a wire a measured distance and also measures the
forces that the wire exerts to return to its original shape from a
measured deflection.  

Engagement Criteria

Figure 1: Forces necessary to engage a wire.

Historically, wire “stiffness” has been the property that has
been used to differentiate wires with regard to treatment.
Unfortunately, stiffness is an imprecise term and can be inter-
preted several ways.  Perhaps the most common usage is associ-
ated with Young’s Modulus (Elastic Modulus).  This material
property describes the relationship (slope) between Stress and
Strain. In general, a high modulus material is more difficult to
bend than a low modulus material.  However, two materials can
have the same modulus but different strengths.  This difference
is best illustrated by looking at stainless steel.  There are several
alloys of stainless steel, but typically the modulus is about
27 Msi (millions of pounds per square inch).  For the 300 series
stainless steels commonly used as archwires, the modulus is
nearly identical between alloys and indeed, between different
strengths of the same alloy.  A soft, pliable, annealed stainless
steel archwire has the same modulus as an unannealed, more
resilient, springier archwire.  The difference is the Yield Stress
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A large square wire, i.e., an .017x.017 in an .018 slot, provides
very little slot play but offers far more range both vertically and
in the wire plane than a corresponding rectangular wire such as
an .016x.025 or .017x.025 stainless steel wire.  In his 1981
landmark wire article, Burstone1 described the philosophy of
selecting wires based on their stiffness in order to apply consis-
tent levels of force to the teeth.  Our dream has been to main-
tain, as close as possible, the dimension of the wire–.017x.017
or .0175x.0175–while choosing various stiffness qualities for
each wire depending upon the stage of treatment. (Look for a
future article in the AJO-DO from us about wire stiffness).  

The .0175x.0175 Nitinol Heat-Activated wire brings us much
closer to realizing our dream.  Our wire sequence now looks
like this: 
Leveling Phase: 2-3 appts 4-6 months
.0175x.0175 Nitinol Heat-Activated

Reset Phase: 1-2 appts 1-3 months
same .0175x.0175 Nitinol Heat-Activated

Bite opening/Space closing Phase: 6-8 appts 10-12 months
.017x.025 nickel titanium reverse curve SE 
or .017x.017 SS closing loop

Finishing Phase: 4-8 appts 4-6 months
.017x.017 SS

Summary: 2 or 3 wires; 16 to 21 appts; 18 to 24 months of treatment

You can imagine how this simplifies our appointments, staff
training and inventory while at the same time allows us to focus
on producing consistently excellent results.

IV–Manufacturing Consistency
As mentioned earlier, nickel titanium wires present several
interesting manufacturing challenges. The need for strict heat
treating and drawing operations in protective atmospheres has
long been a thorn in the side of manufacturers.  Poor corner
radii was one example of the difficulties.  Further, the super-
elastic properties of nickel titanium wires are challenging to
maintain from lot to lot.  These mechanical properties are a sub-
tle balance of material composition and thermo-mechanical pro-
cessing.  Perhaps you have experienced some variability in
properties from one group of superelastic wires to the next.
Changes as low as one tenth of one percent of a variable can
have a large impact.  No matter how wonderful a wire’s quali-
ties might be, it is just not possible to baseline a wire in your
practice that has different properties from batch to batch! 

3M Unitek has overcome these problems by utilizing the latest
advances in wire processing technology and tightening their
specifications to take advantage of these capabilities*. The
results are better, more effective, and consistent wire products
that will make your life easier.

While it is certainly wise to follow the Wing Walker’s First
law, we would like to suggest that it is time for you to seriously
consider revamping your wire sequence and adding the
.0175x.0175 Nitinol Heat-Activated wire to it.   ■
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Diagnosis, prognosis, treatment plan and retention design have
been brilliant.  The clinician has an image of the successful end
result, and it is time for corrective therapy to begin.  Like a
modern day Merlin, the orthodontist divines a headgear about
the dentofacial altar, deftly places and activates the utility arch,
and evokes an ectoplasmic image of Dr. Edward Hartley Angle.
Confidently, the predicted treatment response is anticipated.
For some, however, the “long lament” has begun.  The case may
be on the track of a compromised end result, or doomed to dis-
mal failure.  The patient may be non-compliant, and without
compliance the brilliance of our magic will have a constipated
and frustrating fate.

Intuitively, it seems reasonable to conclude that patient compli-
ance/non-compliance exists along a continuum - that is, a patient
may be cooperative concerning some aspects of treatment, and
not cooperative with others.  Although there are some data in the
medical literature to suggest that patients are often selective con-
cerning which aspects of their treatment program they will adhere
to, no orthodontic studies had examined this issue.  

The purpose of our study was to examine further the question of
whether children are uniformly compliant/non-compliant or if
they display distinct differences regarding the manner in which
they respond to treatment instructions.  Seventy-five children
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or Elastic Limit - where the deformation of the material changes
from elastic (recoverable) to plastic (permanent).  Even though
the modulus of the two wires is the same, the one with the higher
Yield Stress will be more difficult to bend than the other.

The Burstone Chart
In 1981, Dr. Charles Burstone published an article titled,
“Variable Modulus Orthodontics” (AJO-DO Vol. 80, No. 1).  In
that article, Dr. Burstone described wire stiffness in terms of
two variables: a Cross Section Stiffness number (Cs) and a
Material Stiffness number (Ms).  Stiffness was equal to Cs mul-
tiplied by Ms. The Cs number is the wire’s Moment of Inertia,
an engineering property based on cross sectional area. The Ms
number is based on elastic modulus.  Both the Cs and Ms are
normalized with respect to a common standard, .004 inch diam-
eter stainless steel, both variables having values of 1.0.  By
examining a wire’s stiffness number, doctors can select wires of
different alloy and size that would have similar stiffness, aiding
their application of consistent forces to the teeth.  

Dr. Burstone’s method was a big step forward in aiding doctors in
wire selection.  The method is reliable for alloys that display linear
elasticity like stainless steel, Flexiloy™, beta-titanium, and to a
certain extent, Nitinol Classic.  However, this method does not
apply to nonlinear, superelastic alloys like Nitinol SE and Nitinol
Heat-Activated.  In these alloys, the elastic modulus changes with
bending, actually getting less stiff the more you bend it, even
though the force necessary for bending increases.  The result of
this property is that superelastic wires can exert a more consistent
force over a longer distance than other types of wire.

Because of these new wires, another way of describing and
comparing archwire forces in treatment is needed.  This com-
parison should measure and plot the amount of force necessary
to bend an archwire a set distance.  Figure 2 below offers gener-
al detail, and specific plot points can be found on the accompa-
nying engagement criteria charts, page 11.   ■
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