Aligning, leveling, and torque
control—a pilot study

By George F. Andreasen, DDS, MSD and
Reid M. Amborn, DMD, M$

he aligning and leveling of bracket slots’

I is necessary in all fixed edgewise ortho-

dontic treatment. An important phase

of treatment is the torque control over the roots

of all teeth from the onset of treatment.-5 The

problem of initiating torque control at the onset

of treatment is that the typical arch wire is too
stiff to engage all bracket slots.¢

Initial wire leveling and torque control requires
a rectangular or square wire that nearly fills the
bracket slot. At the present time, two types of
wires are available for use as an initial wire with
torque control: the thermodynamic rectangular
ni-ti wires and the rectangular multi-stranded
stainless steel wires.

The purpose of this descriptive clinical pilot
report is to evaluate the potential of a rectangu-
lar, thermal ni-ti wire to serve as a leveling,
aligning, and torque control arch wire. Increas-
ing the size of the wire to fill the bracket slot
decreases the wire’s flexibility and reduces the
elastic range over which the wire works.! Ther-

mal ni-ti wire, because of its unique heat-
activated memory capabilities”® appears to have
the potential to perform these necessary func-
tions despite the increase in size. A brief discus-
sion of the development of arch wires will be
considered in this clinical report.

In the early years of orthodontics, gold alloy
was the most commonly used material for arch
wires®1%-12, A limitation of this wire was its lack
of springback. Because of increasing cost, use of
gold alloy wires declined; in the 1940s stainless
steel wires began to replace those made of gold
alloy. To gain more elasticity, the size of the arch
wires was reduced, then the shape was changed
from rectangular to round. Additional progress
was made by the development of loops to
increase the range of activation??, Loop techniques
were used and refined by Thurow,” Begg®
Stoner,'¢ Jarabak,'” Burstone,’® and Waters.19.20
These techniques all served to decrease stiffness
of the wire and increase its working range. A
disadvantage of loops is that they are easily dis-
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Aligning, leveling, and anterior torque control of teeth from the onset of treatment is suggested with thermal ni-ti rectangular low
stiffness wires. Before and after superimpositions show the degree that torque control was achieved on four clinical patients.
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Figure 1.

Deformed rectangular niti-
nol wire at room temper-
ature.

Figure 2.

Rectangular Nitinol wire
after activation at body
temperature.
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torted by the patient altering force direction vec-
tors.2122 The braided or twisted wire is a later
development that gave the stainless steel arch
wire more flexibility and working range 62324
Arch wires made of the alloy, Elgiloy*, have
excellent formability in the soft condition and
can be heated to 480° C to obtain strength prop-
erties comparable to stainless steel? Elgiloy is
usually used as a finishing wire.’°

In 1976 a new orthodontic wire made from
Nitinol** was introduced.?® Nitinol had been
developed by William F. Buehler at the Naval
Ordnance Laboratory in the early 1960s.2¢ Since
the introduction of Nitinol wires, a number of
ni-ti arch wires have been marketed for ortho-
donic use. To date, the most commonly used
form of Nitinol wire has been the super elastic
form which is not affected by temperature.

Advantages of ni-ti include its physical stabil-
ity (low degree of corrosion), and minimal tissue
reaction, comparable to that of stainless steel 28
Ni-ti wires generate less frictional resistance
than stainless steel when using sliding mechan-
ics,” thereby allowing tooth movement with
less force.
Materials and Methods

Thermal ni-ti is another form of ni-ti wire.
form This is not commonly available to the
orthodontist. The most unusual feature of ther-
mal Nitinol wire is its unique mechanical thermal
memory, the capability to recover an original
shape configuration after mechanical distortion.

*Rocky Mountain Orthodonics, Denver, Colorado.

**Unitek Corp./3M, Monrovia, California
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Recovery is achieved by heating the wire above
its transition temperature range (TTR).26 Below
its TTR, the wire is highly ductile and easily
undergoes plastic deformation. When heated
above its TTR, the wire returns to its original
shape and becomes quite stiff and resilient.? If
the TTR of a thermodynamic Nitinol wire is set
near body temperature, then near room temper-
ature the wire can be deformed easily and tied
into the brackets of all malposed teeth. As the
body temperature heats the wire toits TTR, the
wire seeks to return to its original shape, pulling
the teeth with it.?2 Through a high temperature
heat treatment, the wire can be set to return to
any desired form 23

Four representative arch wires made of
.017x.025 inch thermal ni-ti wire were obtained
for this study. Each wire was measured with a
micrometer to verify size. Accuracy of the
TTR’s was verified in a water bath heated to 37°
C. Figure 1shows the wire at room temperature
and Figure 2 illustrates the wire’s activation near
body temperature.

A Tinius-Olsen six inch-pound moment capa-
city stiffness tester was used to determine force
deflection curves for each of the wires. A bend-
ing span of 1 inch was used. The tests were
carried out at three temperatures: (1) body temper-
ature, 37°C; (2) room temperature, 23°C; and
(3) cold water temperature, 13°C.

Clinical evaluation

Four representative subjects with 4-6 mm of
dental crowding in each arch were selected.
These cases were chosen in order to test the
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fullest extent of the capacity of the thermal Nit-
inol wire to serve as a leveling and aligning arch
wire with torque control. The subjects were all
adolescents with Class [ crowded dentitions, 1-3
mm overbite, and were specifically chosen for a
minimum of 3-5 mm overjet requiring retrac-
tion along with upright root contol of incisors.
Straight pull headgear and thermal .017x.025
ni-ti wire was used to retract the maxillary inci-
sors bodily. Three of the treatment plans did not
include any extractions. One patient had a maxil-
lary left premolar missing and her left molars
were finished in a Class Il molar relationship.
Four premolars were extracted in the fourth
patient.

Thermal wire was used in the maxillary dental
arch of each of four patients while the mandibu-
lar dental arch was treated with a standard
twisted multi-strand stainless steel arch wire.
An .018x.025inch siamese straight wire bracket
was used on each patient. The .017x.025 ther-
mal ni-ti wire fills the bracket slot of an .018 inch

UPPER INCISOR TO S.N. PLANE

After
Initial Debanding
S.B. 98° 102¢
J.L. 96° 95°
L.R. 105° 109°
D.B. 108° 105°

slotted straight wire appliance, thereby provid-
ing three-dimensional torque control for maxil-
lary tooth movement. The round twisted wire
used in the mandibular arch gives two-dimen-
sional control over tooth movement.

Each patient was seen weekly for a sixteen
week testing period. At each appointment, patients
were asked to compare the amount of discomfort
present in the maxillary arch with discomfort in
the mandibular dental arch. Every fourth week
the lower twisted stainless steel wires and .016
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Aligning

Figure 3.
Superimpositions of
torque control before treat-
ment and after deband-
ing on patient D.B.

Table 1.

Data of the measurement
of the upper incisor to
the SN plane.
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Figure 4.

Force Deflection curves
for a representative rec-
tangular thermal nitinol
wire.
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stainless steel leveling wires were changed. At
the end of the 16th week, treatment with tradi-
tional wires was initiated to finish the cases.

Results

Figure 3 shows superimpositions of the torque
control before treatment and after debanding.
Table 1 provides data obtained from the super-
impositions by measuring the angle of the maxil-
lary incisors to the SN plane before treatment
and after debanding These records demon-
strate angular torque control of the maxillary
incisors. Included in the total treatment are the
16-week thermal ni-ti aligning, leveling, and
torque control treatment trials.3!

Periapical radiograpns taken before and after
the 16th week of the clinical trial showed no
visible signs of root resorption on three of the
four patients; however, there was slight root
resorption of the maxillary anterior teeth after
one year 11months of treatment of one patient.

Vol. 59 No. 1

Discussion

Torque control is an important aspect of any
orthodontic treatment. With the pretorqued
brackets of a straight wire appliance, root control
is obtained by using a rectangular thermal ni-ti
wire that fills the bracket slot. In many cases it is
desirable to begin root torque control as early as
possible in treatment.*5 Two types of rectangular
wire available have the potential, in selected
cases, to be used as an initial wire that will align
and level the dental arches and incorporate root
torque control into the tooth movement. These
are a nonthermal mechanical nickel-titanium
alloy and a multi-strand stainless steel wire.

For the thermal ni-ti wire to be as effective as
possible clinically, the temperature at which the
TTR s set is vitally important.3233 If the TTR is
too far above body temperature, the wire will
become too stiff. If the TTR is too low, the
handling characteristics of the wire will not be
good because the wire will never be fully active
during placement. As a result, the wire will be
too stiff to be tied into malpositioned brackets.
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NT = Nitinol Wire

SS = Stainless Steel Wire

WC = Wildcat Twisted Multi-stand Stainless Steel Wire

Thermal Nitinol orthodontic wires are begin-
ning to appear on the market. A desirable TTR is
difficult for the manufacturer to obtain and the
clinician must be aware of the TTR range in
these wires. The four wires tested in. this study
had TTRs in the approximate desired range with
the low end of the TTR near room temperature
and the high end near body temperature. Stiff-
ness curves for the thermal ni-ti wire are shown
in Figure 4.

Looking at the force-deflection curves for the
thermal nitinol wire at three different temper-
atures (Figure 4), it is obvious that temperature
affects the properties of the wire. This change in
properties is clinically significant. At forces below
the body temperature, or at 23°C it takes less
force toload the wire than near body temperature
37°C (near the TTR). Thus, at room temperature
the wire is easily loaded and tied into malposi-
tioned brackets. Near body temperature, the
elasticity and force present during the loading
decreases. The wire displays near 100 percent

spring back and exerts a lower force during the
entire spring back. Therefore, once the wire is
tied into the brackets, it will exert an effective
force on the teeth until the teeth are aligned,
leveled and torqued with the rectangular wire.

Figure 5 and Tables 2, 3, 4, 5 and 6 show the
second order loading curve for .017x.025 thermal
nitinol wire at 21°C and 14°C. The force neces-
sary to load the wire between 0° and 35° is in
between the force needed to load an .018 Nitinol
and an .014 stainless steel wire the same distance.
For aload between 35° and 90°, the loading force
needed is between an .018 Nitinol and an .016
stainless steel wire. If the temperature of the
thermal nitinol wire is lowered to 14°C, for a
load of 50° or more, the loading forceis less than
the loading force needed to load an .016 Nitinol
wire.

Two other factors make the tying in of ther-
mal ni-ti wire easier. Cold water can be syringed
over the wire whileit is being tied in. This corresponds
to the curve at 13°C. It appears to have more
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Aligning

Figure 5.
Stiffness curves of four
different types of wire.
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,017 x .025 Thermal Nitinol Wire - 0° to 90° Second Order Bending at 14°C With
.10 in. Lbs.
Degrees of
Deflection Load Scale Measurement
Loading Unloading
Trial Trial Trial Trial Avg. Trial Trial Trial Trial Avg.
1 2 3 4 1 2 3 4

0 0 0 0 0 0

5 4 6 5 3 5

10 12 13 12 7 11

15 23 21 23 13 20

20 31 27 33 22 28

25 32 28 3a 31 31

30 32 28 35 31 32

35 33 30 37 31 33

40 34 31 37 32 34

45 35 32 40 32 35

50 37 33 41 33 36

55 38 33 41 34 37

60 39 34 41 35 37 62-0 62-0 62-0 64-0

65 39 35 42 39 39 3 3 3 68-0 2

70 40 37 44 39 40 8 6 8 4 7

75 41 40 43 40 42 13 13 14 11 13

80 41 40 45 40 42 21 20 22 19 21

85 41 41 43 41 42 30 30 32 30 31

90 42 42 45 41 42
Table 2. effect for second order bending than for first It is suggested that “detailing and finishing” be
Dataforthestitinesscurve  ;der bending. In addition, because the wire is done with stainless steel wires of appropriate
of an .017x.025 thermal |\ .;.cc o4 room temperature, it can easily be size and shape.
nitinol wire second order ) ;
bending at 14°C. non-permanently bent into and fill the .018 slot. Conclusion

56 Angle Orthodontist

Whether or not the force produced by a wire
during leveling and aligning is compatible with
physiologic tooth movement is difficult to deter-
mine. Some wires commonly used in orthodon-
tics do appear to produce more clinically accept-
able physiologic tooth movement.

These clinical trials demonstrate that the
.017x.025 thermal ni-ti wire is effective as an
initial aligning and leveling arch wire with
torque control over the roots, even in cases with
severely malpositioned teeth. However, the com-
mercial availability of rectangular thermal ni-ti
wire has been slowed by the cost of production
and the difficulty in maintaining consistency of
the TTR during manufacturing.

No suggestion is made here that only one wire
be used throughout treatment. The wire is sug-
gested primarily for leveling and torque control.

Vol. 59 No. 1

Four arches of thermal ni-ti wire were clinically
evaluated. A clinical study was performed to
evaluate the thermal wire’s capabilities to be
used as an initial leveling wire with added torque
control over the maxillary anterior roots. Each
wire was found to have a clinically acceptable
TTR, with a high end near body temperature
and alow end above room temperature. Another
rectangular wire currently available to ortho-
dontists, the stainless steel .017x.025 D-Rect,*
has low stiffness and can also be used as an initial
wire with torque control.

Temperature was found to have a significant
effect on the thermal ni-ti wire. At a tempera-
ture above its TTR, the wire is stiffer and exhib-
its 100 percent spring back from a 90° bend.
Below its TTR, the wire is less stiff and under-

*Ormco Co., Glendora, CA
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.10 in. Lbs.

.017 x .025 Thermal Nitinol Wire - 0° to 90° Second Order Bending at 21°C With

Degrees of

Deflection Load Scale Measurement
Loading Unloading
Trial Trial Trial Trial Avg. Trial Trial Trial Trial Avg.
1 2 3 4 1 2 3 4

0 0 0 0 0 0

5 3 8 8 14 8

10 7 13 15 24 15

15 17 19 23 34 23

20 30 30 34 40 34

25 37 36 42 40 39

30 38 36 43 41 40

35 39 37 43 41 40

40 40 39 43 42 41

45 43 41 45 43 43

50 44 43 47 44 45 52°-0 o o o o
55 45 44 49 46 46 2 58 -0 58 -0 58 -0 57-0
60 47 45 50 46 47 3 3 3 2 3
65 48 46 53 46 48 6 6 8 5 6

70 48 48 54 47 50 13 12 14 10 12

75 50 49 55 49 51 20 18 22 17 19

80 51 50 57 51 52 28 27 31 27 28

85 52 51 59 52 54 38 36 43 38 39

90 52 52 61 52 54

goes permanent deformation. In the maxil- Author Address: Table 3.
Datafor the stiffness curve

lary arch the thermal ni-ti wire was shown to
have the capacity to be tied into even the most
severely malpositioned bracket and then produce
effective tooth movement until the bracket slots
were completely aligned and leveled with torque
control. No difference in discomfort between
thermal ni-ti wire, twisted wire and stainless
steel wire was noted by patients. In addition, no
root resorption was found to occur during the
16 trial weeks, and, only after 1 year 11 months,
one patient showed very slight maxillary anterior
root resorption.

Dr. George F. Andreasen
Department of Orthodontics
College of Dentistry
University of lowa,
lowa City, Iowa 52242

Dr. Andreasen is professor of orthodontics at the University of
lowa. He holds a BS degree with a major in engineering, a DDS
degree and an MSD degree in orthodontics. He is also a Diplomat
of the American Board of Orthodontics.

Dr. Amborn is in private practice in Portland, Oregon. He
holds a BS degree, a DMD degree and an MS degree in
orthodontics.
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of an .017x.025 thermal
nitinol wire second order
bending at 21°C.
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.014 Stainless Steel Wire - 0° to 90° Bending With .10 in. Lbs.
Degrees of
Deflection
Load Scale Measurement
Loading Unloading
Trial Trial Trial Trial Avg. Trial Trial Trial Trial Avg.
1 2 3 4 1 2 3 4
0 0 0 0 0 0
5 7 7 9 6 7
10 17 17 19 16 17
15 27 27 30 27 28
20 39 39 42 38 40
25 50 50 53 50 51
30 60 61 62 60 61
35 67 70 70 67 69
40 74 76 76 74 75
45 77 80 79 78 79 49°-0 49°-0
50 79 83 83 80 81 1 51°0 51°-0 1 0
55 81 85 85 83 84 8 5 7 9 7
60 81 85 86 84 84 18 16 18 22 19
65 82 86 86 84 85 28 26 28 32 29
70 83 86 86 85 85 41 37 34 44 40
75 84 86 86 85 85 51 50 50 55 52
80 84 86 86 85 85 63 62 61 64 63
85 84 86 86 85 85 73 74 72 76 74
90 84 86 86 85 85
Table 4. References
Data for the stiffness curve
of an .014 stainless steel 1. Burstone, C.]., (1981). Variable Modulus Ortho- 8. Andreasen, G.F., (1980). A Clinical Trial of
wire, dontics, Am. J. Orthod. 80:1-16. Alignment of Teeth using a 0.019 Inch Thermal
2. Ackerman, ].L., Chanda, L.H., Creekmore, T.D., Nitinol Wire with a Transition Temperature
Meyer, M., and Nelson, C.D. (1978). Nitinol Range between 31°C and 45°C. Am. ]. Orthod.
Wire, J. Clin. Orthod. 12:479-485. 78:528-537.
3. Burstone, C.J., and Goldberg, A.J., (1980). Beta 9. Andreasen, G.F., Heilman, H., and Krell, D.,
Titanium, A New Orthodontic Alloy, Am. J. (1985). Stiffness Changes in Thermodynamic
Orthod. 77:121-132. Nitinol with Increasing Temperature, Angle
4. Hocevar, R.A., (1981). Why Edgewise? Am. J. Orthod. 55: 120-126.
Orthod. 80:237-255. 10. Kusy, R.P., and Greenberg, A.R., (1981). Effects
5. Andreasen, G.F.and Morrow, R., (1978). Labor- of Composition and Cross Section on the Elastic
atory and Clinical Analyses of Nitinol Wire, Am. Properties of Orthodontic Wires. Angle Orthod.
J. Orthod. 73:142-151. 51:325-341.
6. Barrowes, K.J., (1982). Archwire Flexibility and ~ 11. Graber, T.M., (1972). Orthodontics: Principles
Deformation, J. Clin. Orthod. 16:803-811. and Practice, W.B. Saunders Company, Phila-
7. Andreasen, G.F., Bigelow, H., and Andrews, delphia, .556-560.
].G., (1979). 55 Nitincl Wire: Force Developedas ~ 12. Kohl, R.W., (1964). Metallurgy in Orthodontics,
a Function of “Elastic Memory”, Aust. Dent. ]. Angle Orthod. 34:37-52.
24:146-149. 13. Strang, R.S.W., and Thompson, W.M,, (1958). A
Text Book of Orthodontics, Lea and Febiger,
598.
58 Angle Orthodontist Vol. 59 No. 1
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.018 Nitinol Wire - 0° to 90° Bending With .10 in. Lbs.
Degree of
Deflection Load Scale Measurement
Loading Unloading
Trial Trial Trial Trial Avg. Trial Trial Triasl Trial Avg.
1 2 3 4 1 2 3 4
0 0 0 0 0 0 3°-0  3%0 2%0 4%-0 3°%-0
5 3 2 2 3 3 1 1 1 1 1
10 9 6 9 9 8 3 2 5 3 3
15 15 13 15 15 15 9 7 10 7 8
20 22 19 22 20 21 16 14 17 12 15
25 29 25 29 26 27 25 21 24 18 25
30 35 3 35 32 33 30 27 33 24 29
35 40 38 42 40 40 36 34 37 31 35
40 47 44 49 45 46 42 40 45 37 41
45 55 50 55 51 53 48 45 49 43 46
50 61 56 62 57 59 52 50 55 48 51
55 66 61 67 62 64 56 53 60 50 55
60 n 67 73 67 70 62 58 65 56 60
65 75 73 78 72 75 65 63 70 61 65
70 80 77 82 75 79 70 67 71 63 68
75 84 81 85 77 82 72 70 75 65 71
80 86 85 87 83 85 73 74 81 n 75
85 88 87 80 85 88 82 81 84 76 81
90 90 90 90 86 89
14. Thurow, R.C., (1982). Edwise Orthodontics, 22. Anderson, RM., (1974). A Return to Large TableS5.
Data for the stitfness curve

15.

16.

17.

18.

19.

20.

21.

C.V. Mosby Co., St. Louis, Missouri.
Begg, P.R., (1956). Differential Forces in Ortho-

dontic Treatment, Am. J. Orthod. 42:481-510.  23.

Stoner, M.M., (1960). Force Control in Clinical
Practice, Am. J. Orthod., 46:163-186.

Jarabak, J.R., (1960). Development of a Treat- 24.

ment Plan in the Light of One’s Concept of
Treatment Objectives, Am. J. Orthod. 46:481-514.
Burstone, C.J., Baldwin, ].]., and Lawless, P.T.,

(1961). The Application of Continous Forces to  25.

Orthodontics, Angle Orthod. 31:1-14.

Waters, N.E., Stephens, C.D., and Houston, 26.

W.].B., (1975). Physical characteristics of Arch-
wires for the Initial Alignment of Irregular
Teeth, Am. J. Orthod. 2:73-83.

Waters, N.E., Houston, W.].B., and Stephens, 27.

C.D., (1981). The Characterization of Archwires
for the Initial Alignment of Irregular Teeth, Am.

J. Orthod. 79:373-389. 28.

Sims, M.R., (1972). Loop Systems—A Contem-
porary Reassessment, Am. J. Orthod. 61:271-278.

Nonresilient Straight Archwires. Am. J. Orthod.
66:9-39.

Stephens, C.D., Houston, W.J.B., and Waters,
N.E., (1971). Multiple Strand Arches, Dent.
Practit. 22:147-149.

Waters, N.E., Stephens, C.D., and Houston,
W.].B., (1974). Physical Characteristics of Ortho-
dontic Wires and Archwires—Part 1, Brit. J.
Orthod. 66:9-39.

Nitinol Wire (1976). Introduced by G.F. Andrea-
sen.

Buehler, W.]. and Wang, F.E., (1968). A Sum-
mary of Recent Research on the Nitinol Alloys
and Their Potential Application in Ocean Engi-
neering, Ocean Eng. 1:105-120.

Burstone, C.J., (1985). Chinese Ni-Ti Wire—A
New Orthodontic Alloy, Am. J. Orthod.
87:445-452.
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for Use In Orthodontics, ]. Am. Dent. Assoc.
82:1373-1375.
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.016 Nitinol Wire - 0° to 90° Bending With .10 in. Lbs.
Degrees of
Deflection Load Scale Measurement
Loading Unloading
Trial Trial Trial Trial Avg. Trial Trial Trial Trial Avg.
1 2 3 4 1 2 3 4
0 0 0 0 0 0 -0 2°0 3%0 3%0 3%o0
5 2 2 2 2 2 1 2 1 1 1
10 5 6 6 5 6 2 5 3 3 3
15 9 10 10 8 9 5 8 6 5 6
20 13 13 14 12 13 8 11 9 9 9
25 17 17 18 16 17 12 13 12 12 12
30 21 21 22 20 21 15 19 16 15 16
35 24 25 25 23 24 18 21 20 19 20
40 29 29 30 26 29 22 24 23 22 23
45 31 32 32 30 31 25 27 26 25 26
50 36 36 37 33 36 28 30 30 29 29
55 38 39 39 37 38 30 33 32 32 32
60 42 43 42 39 42 35 35 36 36 36
65 45 44 45 43 44 39 38 40 37 39
70 47 48 48 45 47 40 41 41 40 41
75 51 50 50 47 50 42 44 44 43 43
80 53 51 53 48 51 45 45 46 45 45
85 55 53 54 52 54 46 49 47 48 48
90 55 53 54 55 54
Table 6. 29. Peterson, L., Spencer, R., and Andreasen, G., 32. Wass, K], (1984). Force Deflection Variations
Data for the stiffness curve (1982). Friction Resistance for Nitinol and Stain- upon Heating a 0.017 inch Round Thermody-
of an .016 super-elastic less Steel Wire in Eclgewise Brackets. Quint. Int. namic Nitinol Wire from 70°F to 140°F, Masters
NI-ti wire. 5:563-571. Thesis, University of lowa.

30. Wagner, H.J. and Jackson, L.M., (1969). What
You Can Do With That Memory Alloy, Mat. Eng.
Oct.

31. Andreasen, G.F., (1986). Superimpositions: The
Superimpositions of before Treatment and after
Debanding Include the 16 Week Trial Period
which Demonstrates the Torque Control of the
Maxillary Incisor Teeth with the Initial Thermal
Rectangular Ni-Ti Leveling wire.

60 Angle Orthodontist Vol. 59 No. 1

33. Eberle, K.M. (1984). Force Levels Generated by a

" 0.018 inch Thermodynamic Nitinol Wire with

Heat from 70°F to 140°F, Masters Thesis, Uni-
versity of lowa.
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