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ABSTRACT

Aims: To measure the amount of permanent deformation of different types of orthodontic arch wires
and to study the effect of both time interval and simulated oral environment on amount of permanent
deformation of different types of nickel titanium and stainless steel orthodontic arch wires. Materials
and Methods: The sample consisted of five types of orthodontic arch wires (extra spring hard stainless
steel , spring hard stainless steel, multi strand stainless steel ,nitinol nickel titanium and super elastic
nickel titanium), 0.016 inch of round section were deflected into orthodontic brackets fitted in acrylic
models put in a closely packed glass container and 200 ml artificial saliva added to them and the sam-
ples stored in incubator at 37 °C . At the end of incubation period, the acrylic block take and the wire
deactivated and the amount of permanent deformation measured by using Stereo microscope. The
results were subjected to the descriptive statistics and to the ANOVA and Duncan’s Multiple Range
Analysis Tests to detect the changes among these groups. Results The findings of the present study
showed that spring hard stainless steel wires at 28 days gave rise to the highest mean values of perma-
nent deformation, while the super elastic wires at 1hr gave rise to the lowest one. The remaining groups
distributed on statistical levels of significant difference (P < 0.05) between the upper and lower levels.
Conclusions: The super elastic nickel titanium wires exhibited better spring back characteristics and
less permanent deformation than the stainless steel. Several wires increased deformation as deflection

time increased in simulated oral environment.
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INTRODUTION stages of orthodontic treatment, practition-

Certain metallic alloys can restore its
original shape after being submitted to
unusually large strains.) Ideal aligning
arch wires should be able to move teeth
with light, continuous forces over pro-
longed periods of time and long distances.
Light orthodontic forces produce the same
amount of tooth movement as heavier
forces and are physiologically accepta-
ble.?® For the initial leveling and aligning
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ers are still using traditional arch wires
made from stainless steel (SS) or conven-
tional nickel titanium (NiTi) that is mar-
tensite stabilized. Additionally, pseudoe-
lastic (so-called super elastic) NiTi alloys
are engineered to provide a constant force
during tooth movement.®¥ Alternative
leveling products include Multistranded
stainless steel wires that deliver ultra-low
forces © and esthetically pleasing products
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such as glass-fiber composites and poly-
mer-coated wires.®

The ideal properties of leveling arch
wires include high strength , low stiffness
to deliver low forces per unit of deactiva-
tion, and high range(spring back) to max-
imize activations.®” Clinically, it is the
unloading or deactivation forces that pro-
duce orthodontic tooth movement. In other
words, when the stress is removed, the
shape memory properties allow the phase
transformation to reverse, and, as the wire
returns to its original shape, it generates
tooth movement.®?

In the typical implementation of an or-
thodontic arch wires elastic deformation of
the wire produces a force that is used to
move a tooth into more desirable position
As the tooth slowly moves, the wire
spring back towards a relaxed configura-
tion. The relationship between force (or
stress) and the flexural displacement (or
stain)of the wires is linear within the elas-
tic limit of the constituent material,®?
However some materials are often charac-
terized by viscoelastic or time dependent
stress —strain behavior. Clinically, this be-

havior would cause decrease in the amount
of spring back that would be available for
tooth movement. @

MATERIALS AND METHODS

A variety of 0.016-inch round sec-
tion orthodontic wires were tested and the
sample comprised of five types of ortho-
dontic arch wires include (extra spring
hard stainless steel, spring hard stainless
steel, multi strand stainless steel, nitinol
nickel titanium and super elastic nickel
titanium."? The specimens’ numbers used
in this study were (250), 10 wires for each
wire types and time interval. The speci-
mens’ length of the arch wires used in this
study was 50 mm.™

These wires engaged in the acrylic
models in which a three brackets fixed
with a light cure composite resin (XRV
Herculite). The standard edgewise stain-
less steel brackets (0.018 x 0.030 inch)
fixed in about five mm inter proximally
and three mm occlusogingival discrepancy
between the center bracket and the adja-
cent one as in Figure (1).

Figure (1): Acrylic Block on which a Standard Stainless steel Brackets Fixed.

This distance determines the amount
of displacement of wires. This method
was described by Burstone et al.** and
Quintto et al® and Van et al. @

After that the specimen of each wire
type was taken and secured to brackets on
acrylic block by ligature elastics, so the
wire subjected to three mm displacement,
ten blocks made and then these blocks put
in a closely packed glass container and
filled with 200 ml of artificial saliva and
the samples store in incubator at 37 °C.

By the same procedure other samples
are prepared for each wire type and for
each time interval, so each glass container
corresponds to one time interval and one
type of wire, 410

The formula used for preparation of
artificial saliva solution was described by
Barrett et al..*” and this includes:

0.4 gm NaCl, 1.21 gm KCI, 0.78 gm
NaH,PO,4.2H,0, 0.005gm Na,S.9H,0, 1
gm urea [CO(NH),] and 1000 ml distilled
and deionized water.

The PH of the artificial saliva was
adjusted by using PH meter to 6.75 = 0.15
with 10N sodium hydroxide. The PH value
was coincided with that reported for hu-
man saliva.

The replacement of the artificial sa-
liva solution was performed every week to
avoid saturating the artificial saliva medi-
um with corrosion product. *”

At end of each incubation periods
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(1hr,24hr ,72hr, 7 days, 28 days), the wire
specimens were taken to study the amount
permanent deformation of wires.
Measurement Method :
The measurement of the amount of

-—

permanent deformation done in technical
institute of mosul ,departments of technol-
ogy, laboratory of metals by using Ste-
reo microscope  (Zeisis,Co.,Germany)
(Figure 2).

| 8
Figure (2): Stereo microscope (Zeisis,Co.,Germany)

The lens of the microscope degreed in
micron and the magnification of micro-
scope was set at (20X).Then the measure-
ment was recorded and divided to obtain
the amount of permanent deformation in
millimeter.

The amount of permanent deformation
measured from the line drawn from the
center of bracket A and the center of
bracket B and the inner border of the wires
(Figure 3).

Figure (3): Measurement method under stereo microscope

At the end of each incubation periods,
each acrylic block take and the wire disen-
gaged from bracket C by removal of liga-
ture elastic, then the acrylic block put un-
der the lens of microscope and measure-
ment done by measuring the distance be-
tween the line drawn from the center of
the bracket A to the center of the bracket B
and the inner border of the wire. This dis-
tance represented the permanent defor-
mation %18 Figure (3).

RESULTS

The descriptive statistics that include
mean, standard deviation, minimum and
maximum values of the amounts of per-
manent deformation in millimeter are
listed in Table (1) .

The findings of the present study
showed that spring hard stainless steel
wires at 28 days of incubation showed to
the highest mean values of permanent de-
formation, while the super elastic nickel
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titanium wires at 1hr of incubation period
gave rise to the lowest one.

The remaining groups were distribut-
ed on statistical levels between the higher
and lower level of mean, minimum and
maximum values.

The one way analysis of variance
(ANOVA) for the permanent deformation
values of wires showed significant differ-
ence at (P <0.001) among the groups as in
Table (2).

The result of Duncan’s multiple range
test (Table 3) showed that the spring hard
stainless steel wires at 28 days had the
highest rate of permanent deformation
with significant difference (P < 0.05) with
other types of wires, while the super elas-
tic nickel titanium wires at 1hr gave rise to
the lowest one with significant difference
(P <0.05) from other groups. The remain-
ing groups distributed on statistical levels
of significant difference (P < 0.05) be-
tween the wupper and lower levels.
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Table (1): The descriptive statistic of the amounts of permanent deformation in mm
(means, minimum, maximum values and standard deviation).

Types of wires Time in- mean Std.deviation Minimum  maximum
tervals

Extra spring 1hr 1.339 2.614 1.29 1.35
hard stainless 24hr 1.380 2.479 1.35 1.40
steel 72hr 1.882 1.549 1.88 1.88
1wk 2.086 3.098 2.05 2.11
28day 2.249 2.409 2.24 2.29
spring hard 1hr 1.294 5.164 1.29 1.29
stainless steel 24hr 1.300 4.216 1.30 1.30
72hr 1.784 4.216 1.76 1.80
1wk 2.050 4.216 2.05 2.05
28day 2.294 4.216 2.29 2.29
Multistranded 1hr 0.1176 4.216 0.12 0.12
stainless steel 24hr 0.37 2.582 0.35 0.40
72hr 0.8113 2.493 0.76 0.82
1wk 0.8235 4.216 0.82 0.82
28day 0.9410 4.216 0.94 0.94
Nitinole nickel lhr 0.117 4.216 0.12 0.12
titanium 24hr 0.3 4.216 0.3 0.3
72hr 0.47 4.216 0.47 0.47
1wk 0.5294 4.216 0.53 0.53
28day 0.5882 4.216 0.59 0.59
Super elastic 1hr 0.088 1.033 0.09 0.09
nickel titanium 24hr 0.24 2.108 0.20 0.25
72hr 0.2936 8.433 0.29 0.29
1wk 0.3529 4.216 0.35 0.35
28day 0.4012 2.222 0.36 0.41

Std: standard deviation, hr: hour, wk: week.

Table (2): (ANOVA) for Demonstrated permanent deformation of Different Orthodontic

Wires Types.
Sum of Square  df  Mean Square F- value P
Between groups 131.888 24 5.495
Within groups 4.943 225 2197 25016.339 P <0.001
Total 131.937 249

Table (3): The Duncan Multiple Analysis Rang Test.

Types of wires Time intervals
lhr 24hr 72hr 1wk 28day
Extra spring hard stainless steel h g e c b
spring hard stainless steel i i f d a
Multistranded stainless steel t p k k j
Nitinole nickel titanium t r n m I
Super elastic nickel titanium u S r q 0
hr: hour, wk: week, Different letters mean significant difference (P < 0.05).
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DISCUSSIONS

This study focused on one mechanical
property (permanent deformation) as a
function of time. The results are relevant
to the practicing orthodontist. The results
of the present study showed that the spring
hard stainless steel wires displayed a sig-
nificantly higher amount of permanent
deformation than other types of wires due
to the mechanical properties of stainless
steel wires which characterized by high
strength, high stiffness, low flexibility and
low spring back action. This finding is
similar to the result obtained by Hudgins
et al ®® who found that the stainless steel
arch wires exhibited less spring back char-
acteristics and more permanent defor-
mation than other types of wires. A similar
result was reported by Tang et al “* who
found that the stainless steel wires suffered
a higher deformation than other types of
wires. The present study also showed the
super elastic nickel titanium wires de-
formed with limited amount when com-
pared with the nitinol and stainless steel
wires due to high spring back and low
stiffness and high flexibility, This result
agreed with Burstone et al. @

All types of wires showed a time de-
pendent deformation, due to the effect of
simulated oral environment on mechanical
properties of wires, Similarly in oral envi-
ronment, all wires suffered degradation of
their mechanical properties. The spring
hard stainless steel wire at 28 days demon-
strated a significantly higher amount of
permanent deformation comparing with
the super elastic nickel titanium wires at
1hr incubation time which demonstrated a
less amount of a time dependent defor-
mation and this result come in agreement
with Hudgins et al “® who found that all
nickel titanium arch wires exhibited better
spring back characteristics and less per-
manent deformation than the stainless
steel. Also Barrows @ found that distor-
tion of wires increased 7% after 8 weeks
when compared to the 1hr time interval,
also Sarmad @ found that as the exposure
time of the orthodontic arch wire in the
oral environment is increased, the amount
of loss of the mechanical properties could
be increased, Also Eliades and Chris-
toph® found that the environmental con-
ditions of the oral cavity ,might alter the
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morphologic, structural and compositional
characteristic and mechanical properties of
orthodontic alloys and polymers.

The super elastic nickel titanium
wires exhibited less permanent defor-
mation than the original nitinol wire. This
result was in agreement with Burstone et
al ™ and Miura et al “® who found Chi-
nese nickel titanium wire and Japanese
nickel titanium wires exhibited less per-
manent deformation than did nitinol.

In this study, The nitinol wires show
time dependent deformation and this result
was similar to a research obtained by
Lopez et al ® who found that nitinol ex-
perienced time dependent deformation.
also Harris et al ® studied mechanical
properties of nitinol after 1, 2 and 4
months of deformation and found degrada-
tion of mechanical properties. On other
hand this result was disagreed with An-
dreasen and Morrow ©®® who found that
no permanent deformation was observed
when nitinol wire was bended for less than
1 hour.

CONCLUSIONS

The super elastic nickel-titanium
wires exhibited a better spring back char-
acteristics and less permanent deformation
than the stainless steel wires. Several wires
increased deformation as time increased
in simulated oral environment. From a
clinical perspective, this decrease might be
clinically relevant because the unloading
forces of the wire produce the orthodontic
tooth movement. Therefore, in patients
mouth ,the increased deformation could
contribute to prolonged orthodontic treat-
ment.
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