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INTRODUCTION

Controlled movement of teeth is a fundamental procedure for the
clinical dentist dealing with the correction of malocclusion. Because
of the poor understanding of the biologic process of tooth movement, no
data are available which allows us to pre-select forces for given needea
tooth movement changes. It seems ironic that more easily obtained
pertinent data are lacking as well. Little has been reported concerning
the physical properties or clinical behavior of multiple strand wires
even though they are widely used in the early stages of multiband
orthodontic treatment for ''leveling and aligning.” Only one sfudy known
to us addresses itself to the physical properties of multiple strand
wire (Stephens and cowworkérsl), and that report by British investigators
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compares two grades of Orthoflex twisted wire against Bundled Arch

(now out of production), the Johnson Twin-Wire Arch, and one of the
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currently used American-made twisted wires, Twistflex. Stephens1

describes the wires tested in terms of their "elastic energy characteristics"

which may be a meaningful measurement to an engineer, but not much use to
a clinical dentist.

Since the introduction of Twistflex, other twisted wires have been

Antroduced with claims of superior properties and superior handling

X . : *k k& N N hkhkk - . *Ekkkak
characteristics (Multi-Strand, Swiss Wire II, Wildcat Wire,
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and Multiflex Wire.

The purpose of this study is to devise a model for the evaluation of
multiple strand wires in an experiment that closely resembles clinical
conditions and attempt to gain an insight into the actual forces
produced as well as some idea of their elastic limit in clinical terms.
The method can then be used to compare the various wires commercially

available with each other and with comparable-sized solid wires.

***Unitek Corporation, Monrovia, California

****Summit Orthodontic Services, Cuyahoga Falls, Ohio
*****Ormco, Glendora, California

******GAC International, Farmington, Long Island
*******Ortho International Services, Wilmington, Delaware



REVIEW OF LITERATURE

Johnson2 in 1934, suggested the use of two small wires instead of
one heavier wire in the hracket engagement of an orthodontic appliance.
He stated that a small wire was more resilient than a large one and,
whereas one small wire would have insufficient power to move the teeth,
by using two wires one could double the force exerted but retain the
desired resiliency. That concept was the basis for the Johnson Twin-Wire
appliance which had inherent disadvantages of its own, but the idea
undoubtedly stimulated someone to use a multiple strand, highly resilient
wire for 1efeling and aligning. It is during this early treatment
procedure that a highly resilient archwire that will not be Woe
easily has its usefulness bgcause the objective is to achieve maximum tooth
movement with a minimum of adjustment. Johnson aiso'made mention of
measuring with a spring-activated scale some of the forces exerted by
wires. He found the forces to range between two and ten ounces with his

"twin wire"” system, whereas an .018 wire often exerted from two to four
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pounds.

The Bundled Arch was made commercially availabie after dévelopment
by Brandhorst, Fogel and Magill. These arches consisted of either four
or seven strands of small diameter wire lying parallel to each other,
They were available in four diameters ranging frdm -016 to .021. Fogel
a;d Magills"4 published two articles advocating the use of a multistrand
light "bundled arch" as a separate second phase of treatment for leveling
and aligning. Their bundled arch consisted of six strands of .008 wire
which is a deviation from the commercially available Bundled Arch which
carries their names. The manufacturér discontinued Bundled Arch in early
1972, due to low sales volume probably due to thé greater convenience
of the available twisted multiple strand wires.5

Mathews6 mentioned Bundled Arches in an article in 1961, in which he
was suggesting the use of lighter forces. He went on to make the point
that, "the operator should not be deluded into thinking that such an
archwire exerts less force and is therefore more gentle than, for example,

a .016 wire." He did a crude experiment with a typodont setup by loading

several different wires to a 1.0 millimeter deflection over an 18 millimeter



span and measuring the force with a spring-activated scale. He found
the measured force to be 100 grams with a .012 wire, 400 grams with a
.016 wire, 475 grams with the Bundled Arch (four .010 wires) and about
1900 grams for a .021 x .025 arch. Again, this author makes a point of
the large amount of force applied ''between teeth" about which more will
be said later.

Eirew7 in 1969, described a technique that relied heavily on the
Twistflex Arch. His description, however, was entirely clinical and he
made mo meption of the amopntvof force being produced by these wires.
His two rules for selecting the proper size of archwire were 1) the
greater the tooth irregularity and rotation to be corrected, the thinner
the gauge of archwire used, and 2) the longer the unsupported lengths of
arch between banded teeth, the thicker the archwire.

- As mentioned before, the only article published to date dealing
directly with the physical'properties of multiple strand arches is that
of Stephens and co~-workers.1 They measured the minimum radius from which

there was complete elastic recovery and calculated the energy stored per
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unit length at this stress (after the method of Stephens and Waterss).
The resulting elastic energy characteristic has little significance to
the clinical dentist, for example, in helping one to determine how much
force is being exerted in a given situation or guiding one in deciding
which size wire to use. Many articles and textbooks mention and advocate
the use of multiple strand wires, but none of thenm give any indication
of the relative merits of any particular brand nor do they discuss the
type and amount of force produced with these wires.

Multiple strand wi?esmare gengrally used in a straight configuration,
that is, without loops. The forces produced during "leveling and aligning”
arei”between teeth" forces. As shown in Fig. 1, one of_the teeth is not
"level with the two adjacent teeth. Thus, placing a straight wire in
the brackets will produce forces as shown "between teeth." Addition of
other "unlevel" or "unaligned" teeth obviously complicates the situation,

but the forces produced are still "between teeth."
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METHOD AND MATERIALS

For this study, a simple hypothetical clinical situation was
seiected for testing the 'between teeth" forces of the typé generated
by a multiple strand wire during "leveling and aligning." Thg
situation simulated was an intact, "level and aligned" maxillary arch
with a "high cuspid." This case was selected because of its simplicity
in that it involved only one tooth out of alignment. A "standard" wood
arch form was cut from one-half inch walnut. This form was derived
from a commercially available archwire formation card* (Fig. 2). Brackets
were welded on a one-half-inch flat strip of .005 inch stainless steel
stock. The position of the brackets was determined by using average tooth
widths (faken from the fif?ieth percgntile)9 and ca}culating the midpoint
of the labial or buccal surface of each tooth on both sides of the
midline. Extra wide .022 twin edgewise brackets (Unitek #001-695) were
used for the central incisors and first molars. Standard .022 twin

edgewise brackets (Unitek #001-697) were used for the lateral incisors,

% .
Huntington Laboratories, Pasadena, California
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left cuspid, and first and second premolars. Single rectangular 5°
angulation .022 molar tubes (Ormco #597 598-228) were used for the second
molars. No bracket was placed in the test érea of the right cuspid. The
brackets were carefully welded in position so that a straight piece of

-0215 x .028 wire lay passively in all the brackets. The strip was then

,bent around the walnut arch form and secured with screws and nails. The

Strip was cut in the test ares and the walnut block cut away to allow
room for the testing pen (Fig. 3,4).

The testing gég (Fig. 5) was made frqm one-half-inch diameter
aluminum stock turned down on a lathe and then drilled out to reduce
its mass. A standard -022 twin edgewise bracket was glued to the end
of the testing.pen with epoxy glue. The total weight of the testing pen
was 11.50 grams (.0253 pounds) .

The test arch was positioned in a test jig and secured with a bolt
threaded on both ends (Fig. 5). Two steel pins in the test jig were
used to accurately position the test arch in the test jig (Fig. 6).

Wires to be tested were placed in the test arch and ligated with
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A-1 AlastiK modules (Unitek Corp.)}. All wires were used straight; that
is, no attempt was made to put an arch form in them. This was done for

uniformity as well as the belief that most clinicians use them this way.

4 b

The testing pen was placed with its bracket bearing on the wire and the
apparatus placed in an Instron compression testing instrument (Fig. 7,8)
which automatically records a force-deflection curve.

The Instron (Fig. 7)‘consists of a moveable crosshead for loading
or unloading the sample (by deflecting the wire in this case), a load
cell for detecting the load or force, and a pen to register the force on
a moveable chart. The chart is synchronized to the crosshead; that is,
as the crosshead moves down or up loading or unloading the wire, the
chart moves down or up at a proportional speed. When the crosshead starts
or stops, the chart starts’dr stops. The resulting chart is a
for;e—deflection curve (Fig. 9).

In this study, the crosshead was set to "load or unload" the wire
at a rate of .05 inches per minute. The chart speed was set atv10 inches

per minute. Hence values for the vertical axis or deflection in the
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resulting curve can be calculated from the ratio .05/10. That is, one

square on the graph represents .005 inch of deflection. The horizontal

axis or force is

H

ead directly from the graph in pounds.

Wildcat wire was used for all of the tests done in this study. The
wire was put in the test apparatus which was placed in the Instron. The
¢rosshead was manually moved down until first contact with the test .pen
(as noted by a deflection of the registering pen). The automatic
crosshead controls were then set to produce the desired amount of
deflection and the mach?ne started. When the given amount of deflection
was reached, the crosshead stopped. A period of 10-15 seconds was
allowed for the wire to "stabilize' and unloading was begun by raising
the crosshead at the same rate until it was out of contact with the test
pen.

At first a fresh pre-cut length of wire was placed in the test
arch for each trial. However, the wire-changing procedure became very
time consuming, so an élternative method was tested. One end of a 14 inch

length of wire was placed in the test arch. After a trial, approximately
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one inch of the wire was "pulled through" the brackets and cut off. This
procedure put a fresh section of wire in the test area for each test. For
one wire size and one deflection (.0195 wire at 0.50 mm. deflection) ten
trials were done with separate wires and ten trials were done with one
long piece of wire "pulled through' as just described. The means for
the measurements used in the study were t-tested and there was no
significant difference at the one percent level between the two methods

(see Appendix A).
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FINDINGS

Evaluation of the Force-Deflection Curves
oot TR SCion Curves

force limit and determine the elastic deformation-force ration- for
each wire size after the method used by Mahler and Goodwin10 for
évaluating solid round wires. With these figures, one could then

determine the amount of force produced by a given amount of deflection

Or vice versa. The figures could also be used to compare various wires.

the model being used did not Measure only the physical property of the

situation. Indeed, one of the " patent holders of Wildcat wire had
stated, "It is very difficult to measure physical properties...on

’ 11
multi-stranded wire, so I do not have figures."

15

It then became necessary to determine what barameters were meaningful
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within the scope of the hypothetical experimental model. A look at some
preliminary curves (for example, Fig. 9) showed a loading portion similar

to that expected from other st’udies.lo’12

However, when greater amounts
of deflection were produced, the loading curve became less uniform due to
the influence of friction and slippage. There was also a "plateau" at

the top of all the curves that signified an almost instant reduction of
force upon cessation of loading and beginning of unloading. The unloading
curve then proceeded down at a somewhat flatter slope displaced to the
right of the loading curve. The greater the amount of deflection, the
flatter the unloading curve meaning the faster the reduction of force

as well as the greater the amount of "non-recovery" or failure of the
wire to return to zero.

Since the hypothetical clinical situation assumed that a wire was

displaced into a "high" cuspid bracket and we wanted to measure the

force exerted on the tooth, ‘the amount of force necessary to get the wire
to the bracket was not important, rather the force after the wire was

there and "stabilized" was important. This involved subtracting the
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"plateau" to get a meaningful value for the force exerted by the wire at
a given deflection.
Another value that would have significance would be some measure of
the force remaining after the tooth had moved some distance. This value

would come from along the unloading curve, since in actual fact it is

-~

this force that produces the tooth movement; that is, the wire attempting
to return to its unloaded state.

In\Efiifminary trials, the question arose as to the necessity of

>
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o
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""Mexicaning g;;ih\eq\kending over the ends of the wire agaiﬁg} the
\\\ )

"~
\ - -
second molar tubes. In the clinical case, the wire would already be
\.\ "

.

‘\\\

loaded having been placed in the ”higﬁ” Eﬁspig bracket and unloading

s,
"oy
> S
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would tend to extend the wire out the ends of the moiéT‘tubes, hence

£
I
o - \\\
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Mexicaning ba€k would have no purpose. Therefore, none of the wires
P

wé?g/;;;icaned back.

One other measure that was thought to be useful was the amount that
the wire failed to return to zero or its "non-recovery.'" This would

give some idea of elastic limit in clinical terms because it is a measure
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of any possible "set" or plastic deformation of the wire plus the friction

in the model.

Measurements

Due to the testing 5@% weight (.0253 pounds), all of the curves
began at a force level equal to that weight. The curves were extrapolated
to zero with a French curve (Point A, Fig. 9). Since the actual deflection
(crosshead travel) did not start from zero, it was not possible to set the
machine to deflect the wire the exact desired amount. Hence it was
deflected slightly more than the specified _amount. Starting from the derived
zero then, the exact amount of deflection was measured (Point B, Fig. 9).
For examplé, one square on the chart paper represents .005 inch or L0127 mm.
of deflection. Hence 0.50 mm. of deflection equals 39.4 squares. (The
example shown in Fig. 9 is‘for a 0.195 Wildcat wire deflected 0.50 mm. ).

The "plateau" at the top was subtracted from this point and the
resulting value (Point C, Fig. '9) was taken as the forée exerted by the
wire at the specified deflection (0.50 mm. in the example).

The value obtained from the unloading curve (force remaining after
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the wire had unloaded 0.125 mm. in the example) was determined by
locating the force on the unloading curve (Point D, Fig. 9)
corresponding to the derived deflection force (Point C, Fig. 9). The
amount of "unloading" was subtracted (0.125 mm. = 19.7 squares) and the
value read (Point E, Fig. 9).

The last measurement was the amount of non-recovery which was simply

Point F minus Point A. All values were converted to grams and millimeters.

Four force-deflection curves were determined for each of the four sizes

of Wildcat wire. Deflections of 0.50, 1.00, 1,50, and 2.00 millimeters
were done for the two smaller sized wires, .015 and .0175. For the
larger sizes, .0195 and .0215, deflections of 0.25, 0.50, 0.75, and 1.00
millimeters were run. Ten trials were done for each deflection.

The "force remaining after unloading a given‘amount” was determined
by subtracting 0.50 mm. where the deflection was 0.75 mm. or more. For
the cases where 0.25 and 0.50 mm. deflections were tested, unloading was

measured at half that amount, or 0.125 and 0.25 mm. respectively, These
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figures were arbitrarily chosen on the assumption that 0.50 mm. of tooth
movement would be representative of a good clinical tooth movement
response in a three to fpur week appointment period. The practical
question to be answered was: Did a "tooth movement" force still exist
after a reasonable amount of movement had occurred? Perhaps moré
importantly: TIs a new and possibly heavier wire indicated at the second

appointment?
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RESULTS

Mean, variance, standard deviation and standard error of the»mean
were computed from the raw data. Results are shown in Table T.

This data was further reduced to Tables II, ITI, and IV which show
thé 95% confidence interval (t =2.262 for nine degrees of freedom) for
each of the parameters studies.

Regression lines were calculated for deflection versus force (Table II)
and deflection versus non-recovery (Table IV) for each wire size. A
Tegression line was also calculated for wire size versus unloading (Table III)
for the two situations for which data was available for all four wire sizes.
The regression formulae and standard errors of the slope are shown in Table V
and the lines plotted on Graphs I, II, III, and IV.

Interpretation of Results

Parameter of deflection versus force: As shown in Graph I, force
is directly related to deflection and wire size. The separation of the
T . -
lines with their "standard slope error envelopes' indicates that the

*
slope % one standard error of the slope
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lines are significantly different. These results are in keeping with the
expected physical properties of wire of the same composition. It can be
seen from Table II that the forces ranged from 109.4 f,5.93igrams to
017.5 ¥ 34.79 grams for the deflections and wire sizes studied.

Parameter of unloading force: Unloading force would be expected
to be directly related to initial deflection and wire size. Regression
analysis could not be performed as it was for deflection versus force
because the unloading amount was variable. However, a look at the mean
force values in Table III shows the expected trend and the fact that none
of the confidence intervals "overlap" may be taken as an iﬁdication that
the differences are real. For two unloading conditions (0.50 mm. deflection
unloaded 0.25 mm. and 1.00 mm. deflection unloaded 0.50 mm. ), values were
measured for all four wire sizes, S0 regression lines were calculated for
wire size versus unloading force for those conditions. A plot of the mean

LXVPen”

values (Table III)} showed the relationship to be logarithmie rather than
linear, so a }og4t??nsformation was done on the y values (force). Graph 1V

¢
H

shows that, unloading force is directly related to wire size at least for
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the two conditions tested.

1 3 3 "
Table ITI shows that the amount of force remaining after "unloading

ranged from 41.04 ¥ 2.53 grams to 280.1 % 15.77 grams for the deflections

and wire sizes studied.

Parameter of non-recovery: It would be expected that non-recovery

b éirectly related to the amount of deflection and inversely related to
e

wire size.

Plotting the mean values in Table IV of deflection versus non-recovery

roduced two groups, the .0195 and .0215 in a linear relationship and the
B ’ 019

N ExYosner: - fiad . |
015 and .0175 infzriegérithmic relationship. Hence, two separate pairs

of regression lines were calculated.

- the
A log transformation was done on the y values (non recovery) of

, The resulting Graph III
shows a direct relationship between deflection and the log of non-recovery

but the lines ‘I reversed up to 1.6 mm. deflection from what would pe

- expected. Tha- %8s, the, 0175 wire demonstre tes rore on-recovery than the

smaller .015 up to 1.6 mn, deflection, Slore error‘envelopes do not Overlap
indicating that the lines are different, Ttis was checked by calculating a
t statistic fcr the difference of the slopes from the formula:

where S1 = slope for .p15

1 2
’ Es . gz ‘ 52 = slope for .017%
il ) ES = standard error of slope for .p1g
4 1 ' ,
ES = standard error of slope for .017sg

2

The value obtained was ¢t = 3.294 which is significant at the 95% level of
confidence for 18 degrees of freedon.
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The regression lines calculated for the larger sized wires are plotted
in Graph II and show the same expected direet relationship between
deflection and non-recovery. However, their error envelopes (noted by
red brackets)‘overlap for the entire length of the lines indicating no
significant difference between wire sizesjw The legarithmic regression
lines for the smaller sized wires are also plotted on Graph II to show
their relationship to the larger wires. The "band" of slope error is
marked in blue and it can be seen that only the .0175 is different from
the other three by a very small amournt.

Although figures are available for all four wire sizes for several
deflectioné (0.50 mm. and 1.00 mm.), it was not possible to generate a
wire size versus non-recovery regression for those deflections because
the grouping of the wire sizes for practical purposes reduces the number
of sizes to two and at least three points are necessary to produce a valid
regression line.

Table IV shows that non-recovery ranged from .017 T .0027 mm. to

.630 b .1950 mm. for the deflections and wire sizes studied.



DISCUSSION

Sources of error in this study would include machine error and
operator errors. The Instron13 is capable of measuring to % 0.25% of v
full load scale. Most of the measurements were done with a one pound
full load scale which would be accurate within - 1.6 grams. The two
and five pound full load scales were also used which would be accurate
to within & 2.7 grams and | grams respectively. The range of values
reported that were determined with the one pound full load scale was from
41.04 to 424.5 grams. The L 0E gram error noted varies from - 3.9 to
0.38% of the forces being measured. For the two pound scale the range
was 509.0 to 819.9 grams or 2 0.53 - 0.32%. The five pound scale was
used for only one measurement, 917.5 grams, the error for which would be
T 0.66%. These amounts of error are considered negligible.

Operator error could potentiaily be the greatest source of error.
Manipulation of the apparatus and measuring errors could be considered.

Measuring errors would include extrapolating the curves, estimating and
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reading values on the chart, and subtracting the "plateau" with bow
dividers. Manipulation errors would includé calibrating and running
the machine and positioning of the wires and the test pen.

Since all of the factors -mentiened are randomly-distributed,—the
assumption ean-he-madem%ha%meﬁfefsvmadeWWO&iém%end«%omean%elueaehmeéher

Pr T"‘-:""«‘x"‘l’f{
6§t?ﬂ>Also, Since all the work wa%ﬁby one operator, any consistent
error introduced would be the same for all the trials.

Any model system patterned after a clinical situation must eventually
be related back to the clinic. How closely the model fits the clinical
situation helps determine how clinically applicable the result will be.
This system was a static in vitro model of a dynamic in vivo situation.
Every effort was taken, however, to duplicate the clinical situation
except the possible use of a saliva substitute to act as a lubricant
and the incorporation of some kind of elastic component to the medium
carrying the brackets to simulate the cushioning effect of the periodontal
ligament. Muscle forces would undoubtedly affect the clinical situation

too, but the amount and direction of involvement is unknown and would be

so variable as to be impossible to duplicate in a laboratory model.
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A lubricant was considered for this study, but the idea discarded for

the sake of convenience since this was a pilot study and more basic questions

3
;y‘

needed to be answered. ;All things considered, for the situation simulated,
it is felt that the force values recorded can be considered "hall park'™
estimates of actual forces that would be applied in the mouth)

For the everyday use of multiple strand wire in leveling and aligning,
there are many teeth invelved. Rotations, buccal-lingual, mesial-distal,
and intrusive-extrusive movementé may be necessary in varying combinations.
Force systems ''between teeth" become very complicated when all these
factors are considered. Burstone and Koenig14 in a recent article
discussed the ramifications of the possible forces produced between just
two teeth. When more teeth are considered, the possibiliﬁies become
astronomical especially whep it is realized that the force systems change
continually as teeth move. The effect that multiple malposed teeth
would have on the forces produced by these wires raises a question that

A
might stimulate an improved model system. )

The amount of force necessary or desireable to move teeth is
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questionable. Several studies have been made of the amount of force
required for specific tooth movements. Storey and Smith15 have
reported that the optimum range of force for retraction of the lower
canine tooth is between 150-200 grams. Burstone and Grove516 retracted
anterior teeth by simple tipping and stated that optimum rates of tooth
mgvement were observed when 50-75 grams of force were applied. Reitan17
has stated that the maximum force needed during any stage of a

continuous bodily movement of the canine is approximately 250 grams.

. 1
Reitan # has also stated that the force exerted to extrude teeth must not

2kl used 70-75 grams !

exceed 25-30 grams. Buck and co—workers1
10 percent to tip maxillary bicuspids in human histologic tooth movement
studies. Hixon and co—workers21 used a range from 64-1515 grams for
cuspid retraction in a cephalometric study.

The range of forces mentioned by these various studies is very bréad.
Leveling and aligning with a multiple strand wire must certainly take a

minimum of force per tooth since most of the movement is simple tipping

or extrusion. It is interesting to note that all the initial forces
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measured in this study were greater than 100 grams (even for a .015
wire deflected only 0.50 mm.) and the upper extreme was a force of
over two pounds generated by deflecting a .0215 wire only one millimeter.

For the usual clinical situation involving a number of malposed
teeth, it would be logical to assume that these forces would be reduced.
However, the experimental model simulated a condition that does occur
clinically and it is possible that excessive forces are being applied
to "high" cuspids. Other clinical conditions, such as correcting
individual teeth during figishing with heavy arch wires (for example
"stepping' a tooth up or down) are undoubtedly generating some extremely
large "between teeth" forces. Themn@eessi%yméer»eefrections~o£wthis
typemis~generailymimproper band placement-at-start. Whether or not large
forces are detrimental is not known scientifically, but intuitively and
clinically most operators would 1ike to avoid them.

Unloading forces as defined.and measured in the study ranged from
41-280 grams. For the ""high" cuspid situation any of these forces would

probably be sufficient to effectively extrude the tooth. Again, the usual
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case with several or many malposed teeth would produce different force
values and would have to be examined with a modified testing model.

The relative amount of force remaining after unloading for the conditions
set up for this study averaged 30.7% with a range from 18.2 - 41.9%
(column 12, Table I).
’ The parameter termed ""non-recovery" produced rather equivocal
results. The "grouping’ of the smaller and larger sized wires can
be attributed to the deflection conditions selected for the wire sizes.
Frictional factors became more apparent as the amount of deflection
was increased. Ne macroscopic plastic deformation was noted for any of
the wires tested, although at deflections of 1.50 mm. and 2.00 mm. the
wires were retained in a‘”deformed” position by friction after the
testing §2£~was disengaged. Upon removal of the AlastikK ligatufes, the
wires would return to their straight configuration.

It is felt that if tests had been done on the smaller wires at the

smaller deflections, the deflection versus non-recovery graph would

have been linear up to about 1.0 mm. and then proceed on as a



31
curvilinear function. Likewise, if the larger sized wires had been
tested at the larger deflections, their curves would have become more
curvilinear beyond some point, perhaps 1.0 mm., due to friction.

The apparent difference between .0175 and the other three sizes
for the deflection range 0.6 - 1.0 mm. is not readily explained. It
could have been due to batch variability or some difference in the
manufactqring procedure such as lo@ér twisting or being under less tension
during twisting although one would expect variations in the other
parameters studied as wgllwif that were the answer.

An idea of the reliability of the model System can be gained by
looking at the standard deviation as a percentage of the mean for the
parameters studied. 1In a physical system such as this, the percentage
would be expected to be about 10%.

For the deflection force the standard deviation averaged 6.0% of
the mean values with a range from 2.9 - 11.0%. For the unloading force
the average was 7.4% with a range from 3.0 - 13.7%. Non-recovery

averaged 28.3% with a range from 11.9 - 50.0%.



Deflection force and unloading force appear to be reliable

measures in the model system.

not to be reliable.

make this parameter suspect as a useful measurement for this model

system. Further testi

LRSSl

#

dropping non-recovery as a useful parameter.

"A comment should be made concerning the ™ lateau'" noted at the
g P

top of all of the force-deflection curves (see Fig. 9).
signified an almost instant reduction of force upon cessation of

loading and beginning of unloading.Thg‘faét T nplateau” was also

s - i d wires
presént on the force-deflection curves generated for some solld‘roun

im3 ; ieve that it was due to something
in a preliminary test would lead one to bel

' i i i i lied.
other than the multiple strand configuratien of the wires being stud

X ; | : o
was most likely due to a relative motion of the wire in the brackets,

Non-recovery of the other hand appears

This plus the equivocal results noted previouSly

ing and evaluation are indicated, however, before

This "plateau"

32

: ire ! bilizing" i en motion was stopped
friction and slippage of the wire ''stabilizing" itself wh

o e £
or started It is possible that there was some slippage or reorganizing o

i i ' a uld not be
the individual strands of the wires being tested, but that cou

determined in this study.

Questions that could possibly be answered using the proposéd model



33

System or a variation of the system would be batch uniformity of wires as
received from the manufacturer; possible differences, advantages or
disadvantages between "brands" of wire; force comparison with or simply
force values for solid wires (both round and rectangular) for "between
teeth" forces, and generation of desireable specifications for wires from
the clinicians point of view.

Possible variations in the model system would include altering the
"span between teeth” (for this study the span was 12.5 mn. ), including
other unlevel or malposed teeth, altering the model so the wire is

straight in the test area (for this study the wire was on a slight curve

v
j
4

as seen in Fig. 2), using a lubricant to simulate saliva,, incorporating an

ar

elastic component to the medium carrying the brackets to simulate the

cushioning effect of the periodontal membrane.

‘or this slope difference apd the value
95% level of confidence which
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SUMMARY
A model system has been presented for evaluating multiple strand

orthodontic wires. The model is designed to measure forces "between

teeth' of the type generated by placing a straight wire into brackets

)

that are no aligned. Three measurement parameters were suggested,
. . v /)
namely "deflection force," "unloading force,” and Ywire non-recovery.
One brand of multiple stand wire, Wildcat Wire, was tested and
values tabulated for the parameters noted. ' The results were presented

in Tables and Graphs to show the relationships between deflection,

force, wire size, and non-recovery.



CONCLUSIONS

Of the three measurement parameters suggested, non-recovery was not

considered very reliable.
Values measured for deflection versus force were quite high, ranging
from just over 100 grams to just over 900 grams.
The force remaining after unloading about 0.50 mm. averaged about
30% of the initial force.
The model system presented appears to be a useful method for testing

"between teeth" forces.
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Fig. 1 Arrows indicate the "between teeth" type of forces
produced by placing a straight wire in "unlevel" brackets



Tooth Size (mm.)
1 -8.5
2 - 6.6
3 -7.8
4 -6.9
5 - 6.6
6 -10.6
7 -10.1
GNB
LHC

Fig. 2 Archwire formation card used to determine the
"standard" arch. Tooth sizes shown are from the

fTiftieth percentile.



Fig. 3 Completed '"test arch" with wire in place
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Fig. 4 Closer view of '"test area"
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Fig. 5 Testing jig with

test arch and testing

pen in position
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==Steel positioning pins

Fig. 6 Closer view of '"test area'" with testing pen in position on the wire
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Fig. 7 Instron compression testing instrument with test apparatus in place
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Table II Deflection versus force (in grams 2 2562 SEM) for the four wire sizes

WIRE SIZE
Deflection|  .O015 ' JiL7E .0195 .0215
(mm. )
+ +

0.25 . . 105.4 = 4.68 [157.4 © 7.10
0.50 1109.4 = 5.95 | 160.9  8.19 | 237.6 1 5.52 | 260.3 112.12
0. 75 . N 424.5 7 14.84 607.9‘§12.80
1.00 1254.5 1 15.97 | 333.1 - 13.48 | 591.6 % 18.93 |917.5 *34.79
1.50  |327.3 1 15.40 | 598.1 I 20.47

2.00 |509.0 7 40.20 | 819.9 T 44.24

4

-

Table III Unloading force (in grams L)) SEM) for the four wire sizes

WIRE SIZE
Unloading T R e s e i e
Amount (mm.) .015 .0175 .0195 .0215
0.25-0.125 . o : 41.63 Z 248 || 165997 E 3.39
0.50-0.250 41.04 - 2.53 | 59.43 - 3.66 84.63 - 3.17 1 134.60 - 6.92
.0.75-0.500 . . 77.41 - 3.37 1124.40 ; 2.65
1.00-0.500 56.84 - 4.52 | 89.08 ; 4.59 | 172.90 - .67 !280.10 - 15.77
1.50-0.500 93.26 - 9.14 | 187.60 ; 4.91 ‘
2.00-0.500 127.20 - 8.32 1 246.10 - 11.42 %

Table IV Deflection versus non-recovery (in millimeters T 2.262 SEM) for
the four wire sizes

WIRE SIZE

Deflect ion ==t o - >§ 3 UL R R RS T
(mm. ) .015 L0175 } .0195 .0215

o i + { +
0.25 D i 0857 5 .0027 l .019 3 . 0043
0.50 .024 - 0084 038 - .0084  .032 5 -0088 | .024 ; -0054
0.75 3 N . .042 7 -0176 | .030 ; 0068
1.00 110 - . 0270 .120 ; -0192 + .068 - .0072 | .061 - .0063
1.50 . 250 ; 0430 .210 ; 0176 ;
2.00 .630 - .1950 .620 - .0882 {




Table V

Pegression data calculated from Tables IT, III, and 1V

Deflection versus force (from Table II)

Wife Size Regression Formula Standard Error of the Slope
=045 y = 254.33000 x + - 17.88000 10.99883
.0175 y = 448.42400 x + - 82.555 11.38832
.0195 y = ©058.14680 x + - 71.56400 11.94494
.0215 y = 1011.19600 x + - 121.21000 21771786

Deflection versus non-recovery (from Table IV)

Wire Size Regression Formula Standard Error of the Slope
.015 y = .94743 x - 2.06876 g ‘ .06170
. 0175 y = .78449 x - 1.79815 - .03296
0195 y = .06576 x - .00130 .00622
0215 y = .05336 x + .00040 .00592

Log transformation done on y values for .015 and .0175 (see text)

Wire size versus unloading (from Table III)

Unloading Regression Formula Standard Error of the Slope
Amount e
0.50-0.25 mm. y = 78.78016 x + .41220 2.48473

109.63169 x + .08154 3.11583

[y

.00-0.50 mm. y

Log transformation done on y values (see text)
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Graph I

Regression lines of deflection versus force for
four wire sizes.

+
of - one standard error of the slope.
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APPENDIX A

Test method A: separate .0195 Wildcat wires used for each of 10 trials

Test method B: one 14-inch piece of .019 Wildcat wire "pulled through"
and used for 10 trials

Method A Method B t value*
FORCE AT 0.50 mm. x 245.3 238.8 0.8943
DEFLECTION (Gms.) s 331,71 207.24
S IB.2 14.4
SEM 5.76 4.55
FORCE REMAINING x 84.04 83.67 0.1140
AFTER 0.25 mm. g2 43.26 58.74
UNLOADING (Gms.) S 6.58 7.66
SEM 2.08 2.42
X .059 .046 2.10
NON-RECOVERY (mm.) 52 .00017 .00021
S .013 .014
SEM .0042 .0046
*18 degrees of freedom
; = mean
52 = variance
S = standard deviation

SEM standard error of mean

it



