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Although archwires of .018 inch
diameter and smaller have been em-
ployed for orthodontic treatment for
some time there has been increased in-
terest in their application with the in-
troduction of the ‘light wire tech-
niques”. By bending these wires into
different configurations it is stated that
the desired amount, direction and dis-
tance of force application can be
achieved.t2#5 The success of these pro-
cedures is purported to be enhanced by
the use of a product marketed under
the name of Australian wire.* In view
of the stated success of this particular
wire, it was thought desirable to de-
termine its mechanical properties and
compare these with wires of other man-
ufacture.

EXPERIMENTAL DESIGN

Seven different manufacturer’s pro-
ducts were tested in various designs and
treatments employed in clinical appli-
cation. These included four wire con-
figurations in both a heat-treated and
not heat-treated condition.

Evaluation was made by determining
the two mechanical properties thought
to be of greatest significance in the
clinical performance of these wires:
elastic deformation/force ratio and elas-
tic force limit.

These small archwires are used prin-
cipally in procedures where the ob-
jective is to achieve maximum tooth
movement with a minimum of adjust-
ment. This would require a large
amount of movement with a relatively
small decrease in applied force. For a
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given wire configuration, the mechani-
cal property related to this requirement
is the elastic deformation/force ratio.
This ratio describes the amount of elas-
tic deformation which occurs when a
wire is activated by a given force and
is constant within the elastic range of
the wire configuration (a wire configu-
ration activated within its elastic range
will return to its original shape on de-
activation). At the same time the elastic
deformation/force ratio describes the
decrease in force applied as the wire
is deactivated by tooth movement. This
ratio should be as large as possible to
provide large movements with a rela-
tively small decrease in applied force.
To describe this property further, let
us assume that two wires are activated
to apply the same initial force, one wire
having a high elastic deformation/force
ratio and the other wire a low elastic
deformation/force ratio. After the same
amount of deactivation or tooth move-
ment, the wire with the high ratio will
be applying a greater force than the
wire with the low ratio.

The first criterion for wire usage is
the capability of delivering a specific
amount of force. Several studies have
been made of the amount of force re-
quired for specific tooth movements.
Storey and Smith® have reported that
the optimum range of force for retrac-
tion of the lower canine tooth is be-
tween 150-200 grams. Burstone and
Groves™ retracted anterior teeth by sim-
ple tipping and stated that optimum
rates of tooth movement were observed
when 50-75 grams of force were ap-
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Fig. 1 Wire designs tested: A - open
loop; B - helical open loop; C - closed
loop; D - helical closed loop.

plied. Reitan® has stated that the max-
imum force needed during any stage of
a continuous bodily movement of ca-
nines is approximately 250 grams.

The mechanical property which ex-
presses the amount of force delivered by
a given wire configuration before per-
manent deformation occurs is the elastic
force limit and, since bodily or transla-
tory cuspid movement appears to re-
quire the greatest force, a wire configu-
ration which exhibits an elastic force
limit of 250 grams or more should be
acceptable for all usages. Another con-
sideration, however, would be the abil-
ity of a wire configuration to withstand
forces induced by food excursion or ac-
cidental manipulation. A higher elastic
force limit reflects a greater resistance
to permanent deformation resulting
from these conditions.

Meruop or TEst

Design and Preparation of Test Sam-
ples — Test samples for each test con-
dition were formed as uniformly as pos-
sible using Nance closing-loop pliers
and Tweed loop-forming pliers. Each
sample consisted of a straight portion,
an open or closed loop, both single heli-
cal and nonhelical type loops, and an-
other straight portion. The Nance clos-
ing-loop pliers produced an average
distance between the loop legs of ap-
proximately 2 mm. The wire designs
tested are shown in Figure 1. The ques-
tion as to the success of this fabrication
technique in reproducing a specific wire
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Fig. 2 Wire loop positioned in fixture in
testing instrument,

design was answered by the low varia-
bility between the mechanical property
values for the ten samples run for each
condition. (Coefficients of variation av-
eraged 3.29% for the deformation/force
ratio and 6.7% for the elastic force
limit.)

Four stainless steel wires from dif-
ferent manufacturers and three cobalt-
chromium alloy wires from one manu-
facturer were tested. Ten samples of
each wire in its bent form were tested
in the as-received condition, and ten
additional samples were tested after
being heat treated for 10 minutes at
750° F. and bench cooled immediate-
ly%1* (the cobalt-chromium wires were
heat treated for 10 minutes at 900°
F.).1218

Stressing and Measuring Test Wire
Specimens — The samples were stressed
in an Instron tensile testing instrument
which automatically records the force-
deformation curve for each sample. The
samples were held in the testing in-
strument by pin vises, the distance be-
tween the ends of the vises being 7.6
mm. The loops were stressed slightly
beyond their elastic force limit. In
Figure 2 is shown the fixtures in the
testing machine with a wire loop in the
test position.

Determining Physical Property Val-
ues — As indicated previously, it was
decided that elastic force limit and elas-
tic deformation/force ratio would be
the most significant properties for eval-
uating these wires. The values for these
properties were expressed in units which
conform to those in common clinical
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Fig. 83 Typical force-deformation curve
of wire loop designs (redrawn from In-
stron chart recording).

use. Elastic force limit is expressed in
grams of force, and elastic deformation/
force ratio is expressed in millimeters
per 100 grams of force. Because of the
gentle slope of the force-deformation
curve beyond the elastic force limit, a
line was drawn parallel to the straight
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portion of the force-deformation curve
and offset .25 mm on the deformation
axis. The point where this line intersect-
ed the force-deformation curve was
taken as the elastic force limit, and the
elastic deformation/force ratio was
taken from the slope of the original
curve. A typical curve and calculation
is shown in Figure 3.

Resurts AND DiscussioN

In Table I are shown the results of
these tests. Each value reported is the
arithmetic mean of ten test runs. Elastic
deformation/force ratios having differ-
ences of .02 mm/100 grams and greater,
and elastic force limits having differ-
ences of 60 grams and greater are sta-
tistically different at better than the
95% level using analysis of variance and
Duncan’s multiple range test.

The factor affecting the elastic de-

MECHANICAL PROPERTIES OF SMALL DIAMETER WIRES OF DIFFERENT MANUFACTURE

i Wire Design
n_Loo Closed Loop Helical Open Loop Helical Closed Loop
Trade Name Yol R D/F F.L. D/F  F.L. o/F F.L.
Australian (4) AP 46 L3 51 740 1 350 .85 590
B 4k 560 L9 780 66 610 8L Buo
Oscar (B) AR L6 k1o 51 690 .66 350 .81 570
HT L3 560 48 760 .63 620 .78 810
Unitek (C) AR AN Ls0 .L8 630 .70 390 .85 Lo
HT A1 600 U6 690 .64 680 N 890
Unitek Hi-T (D) AR L3 530 .52 920 .61 570 .79 1060
HT L1 680 L6 990 .57 900 Rt 1100
Elgiloy Red (E) AR 45 350 .53 670 RN 350 .80 510
HT .o 590 4 860 .55 760 .70 910
Elgiloy Green (F) | AR L6 300 L9 550 .70 280 .87 420
HT .38 h9o RAS 770 .57 560 .15 650
Elgiloy Yellow (G) | AR .0 250 Wl 110 .6h 300 .81 370
HT .36 L20 Lo 620 .55 Léo .69 600

1 Elastic Deformation/Force Ratio, expressed in mm,/100 grams force

2 Elastic Force Limit, expressed in grams
3/ AR -~ as received
i’ HT -- heat treated

S Differences in D/F values of .02 mm;/100 gms force and greater are statistically different at better

than 95% confidence

6 Differences in F.L. values of 60 grams and greater are statistically different at better than 95% confidence
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formation/force ratio to the greatest
extent is the design of the wire. In-
creasing the number of loops exhibits
the most dramatic increase in this ratio
and the closed loop is more efficient
than the open loop in this regard. This
duplicates the findings of Burstone et
al.? In addition, increased number of
loops does not lower the elastic force
limit to any great extent (see open loop
vs helical open loop and closed loop vs
helical closed loop).

Heat treatment increases the elastic
force limit appreciably, particularly for
those designs involving more loops.
Whether this increase is necessary or
not is a question to be answered by
future investigation, since in all instan-
ces none of the elastic force limits of any
combination of wire type, design or heat
treatment investigated in this study fell
below 250 grams (a force presumably
greater than that required of these light
wires.) In general, the elastic defor-
mation/force ratio is lowered slightly
by heat treatment, but the significance
of this is speculative.

Another point to be considered is the
relatively large elastic force limits re-
corded. There may be some hazard in
applying too great a force by overacti-
vating one of these loop designs. For
example, if a helical closed loop were
to be used and a 250 gram force for
cuspid retraction was indicated, then
the amount of activation for a wire
with an elastic deformation/force ratio
of .87 mm/100 grams should not ex-
ceed 2.50 x .87 = 2.2 mm.

For a comparison of manufacturer’s
products, the data for the helical closed
loop are plotted in bar graph form in
Figures 4 and 5. In Figure 4 is shown
the variation in elastic force limit where
heat treatment increases this property
appreciably in most cases. Unitek Hi-T
(D) has the highest values in both the
as-received and heat-treated conditions.
Australian (A), Oscar (B), Unitek (C)
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Fig. 4 Elastic Force Limit of wires of
different manfacture, helical closed loop
design.

and Elgiloy-red (E) are next highest
and have comparable values while Elgi-
loy-green (F) and Elgiloy-yellow (G)
have somewhat lower values. However,
the maximum force of 250 grams, in-
dicated in this figure, is far below even
the weakest wire.

In Figure 5 is shown the elastic de-
formation/force ratios of all the wires.
The Australian wire (A) exhibits a high
elastic deformation/force ratio. This
mechanical property correlates well
with the reported clinical success of
this wire. However, the other wires
tested also exhibit relatively high values
for this property. Some are as high as
the Australian wire (A), others slightly
lower.

‘T'o attach some meaning to differ-
ences in elastic deformation/force ratio,
let us compare two wires in Figure 5,

ELASTIC DEFORMATION/FORCE_RATIO (mm /100gms)

LL

Fig. 5 Elastic Deformation/Force Ratio
of wires of different manufacture, helical
closed loop design.
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one having the highest and the other
the lowest ratio (as-received condition).
Wire F has a ratio of .87 mm/100
grams and wire D has a ratio of .79 mm
/100 grams. The analysis would be as
follows: For an activation force of 250
grams, wire F would have a working
distance of 2.2 mm compared with 2.0
mm for wire D. After 1.0 mm of deac-
tivation, wire F would be applying a
force of 138 grams compared to 124
grams for wire D. It would be specula-
tive to attach clinical significance to
these differences.

SuMmMmary anND CONCLUSIONS

In this investigation the significant
mechanical properties of different types
of small diameter orthodontic wire
when bent into loops of various config-
urations were determined as well as the
effects of heat treatment. Elastic defor-
mation/force ratios and elastic force
limits were compared. In view of the
specific requirements of this type of
wire, the following conclusions appear
evident:

1. All wire types, designs and condi-
tions tested produced elastic force limits
in excess of that apparently required of
light wire applications.

2. Wire design has the greatest influ-
ence on the significant working charac-
teristics of a light wire appliance. In-
creased number of loops and the closed
loop in preference to the open loop pro-
vide an increase in the elastic deforma-
tion/force ratio which is most desirable.

3. Heat treatment increases the elastic
force limit appreciably in most cases
but decreases, slightly, the elastic defor-
mation/force ratio.

4. Wires of other manufacture compare
favorably to Australian wire and should
be equally successful in light wire tech-
niques.
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