Comparison of Stainless Steel and Nickel
Titanium Coil Springs Effects on the Space Closure
Rate (In Vitro Study)

/ ABSTRACT \

Aim of the Study: To compare the effects of stainless steel
and nickel-titanium closed coil springs with the use of Roth
bracket type and different arch wires on the amount of space
closure during canine retraction in a Typodont simulation
system. Material and Methods: Typodont system with Class
II division 1 wax form and set of metal teeth, with Roth
stainless steel brackets (0.022x0.030 inch) slot dimension.
Eighty stainless steel readymade (Bonwill-Hawley arch form)
arch wires divided in to two groups according to the size
(0.019%0.025 inch and 0.020 inch), 40 for each size. Forty
stainless steel and 40 nickel-titanium closed coil springs with
force 200 gm. The distance between the distal wing of canine's
bracket and the mesial end of second molar's tube was
(31mm) which is the available space. Results: There was a
significant difference in the rate of space closure between the
two types of arch wires and between nickel titanium and
stainless steel closing coil springs. Discussion: The rate of
space closure significantly is greater with nickel-titanium
closed coil spring. Nickel-titanium closed coil spring produce
more sustained light continuous force. Conclusion: Nickel—
titanium closed coil spring is an efficient material for canine
retraction and space closure even with different wire sizes.
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anine retraction is one of the basic techniques in orthodontic treatmen
closure is a routine procedure in orthodontic practice, researchers have always been
interested in determining efficient methods of retracting canines.” In broad classification
canines can be retracted by frictional (sliding) and non—frictional (closing loop) mechanics.
Frictional mechanics is the sliding of a tooth along an arch wire by application of a force.
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Over the years, a variety of materials have been used to close spaces between teeth.'”

(10)

These include elastic modules of various sorts, elastomeric chain, and stainless steel and nickel
titanium springs.(g) Among orthodontic alloys, nickel-titanium alloy had attracted many
considerations because of two unique properties (shape memory and low modulus of elasticity).
Manufacturers produce nickel titanium springs for dental movements and they believed that the
ideal force is produced by these coils.

C)

A Typodont simulation system can be used in orthodontics practice to show possible

effects of using variable factors on canine position and rate of movement during sliding
mechanics using standard edgewise mechanics.
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MATERIALS AND METHODS

All the study was conducted using Typodont model, with wax form Class II division 1, a
set of maxillary metal teeth (all teeth except first premolars and third molars). The Typodont was
prepared, for preadjusted Roth stainless steel brackets of maxillary anterior segment and second
premolar tooth with 0.022x0.030 inch slot dimension bracket (Ultratrim Roth brackets,
Dentarum, Germany) (8 sets) with four preadjusted upper first and second molar bands. All the
teeth were well aligned and leveled."" An acrylic block was fabricated in to which the four
anterior teeth were processed,"'” the acrylic bite plane also was extended in such a way that the
second molars can be involved to make them immobile, leaving canine, second premolar and
first molar free from acrylic coverage to facilitate sliding movement. Stainless steel arch wires
divided to two groups according to the size (0.019x0.025" and 0.020") 40 for each size and the
arch wires are ligated to the brackets by two methods elastic ligatures and by preformed stainless
steel ligatures (0.010”). The canine slides along the arch wire with stainless steel (20 mm) and
nickel-titanium (12 mm) closed coil springs (Figure 1) with force 200 gm using tension gauge to
measure the delivered force."'” The distance between the distal wing of canine's bracket and the
mesial end of second molar's tube was (31 mm). This distance is considered as the available
space. This distance was measured by digital vernia.® ¥

Figure (1): Closed coil spring
between the canine bracket and
" the hook at the first molar band.

Rate of space closure is measured after each method of canine movement by immersing
the Typodont in the water bath with temperature of about 54 °C for 5 minutes, where again the
distance between the distal wing of canine's bracket and the mesial end of second molar's tube is
measured''” using digital vernia. This distance is considered as the remaining space, therefore:

Rate of space closure= Available space — Remaining space.

The data were analyzed using Statistical Package for Social Sciences (SPSS) program
version 11.5 to perform descriptive analyses. Student’s t—test at level of 0.05 was used to locate
the significance.

RESULTS

The descriptive statistics that include mean, standard deviations, minimum, maximum
values of rate of space closure are listed in Table (1).

The findings of the present study showed that the higher mean is for Roth bracket with
0.020 inch stainless steel arch wire using nickel-titanium closed coil spring as retraction method
and elastomeric module for ligation while 0.019x0.025 inch stainless steel arch wire using
stainless steel closed coil spring for retraction and stainless steel ligature showed the lowest
mean for space closure. The remaining methods distributed on statistical levels between the
higher and lower level of mean.
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Table (1): Descriptive analysis (mean, standard deviations,

minimum and maximum values of space closure measurement).

Bracket

Arch Method of Ligature

Type Wire Retraction Type Min.  Max.  Mean il
Nickel-titanium Elastic 4.81 6.64 5.5730 0.49133

0.020” Spring Stainless Steel ~ 3.50 6.50  5.3600 1.0713
Roth Stainless Steel Elastic 1.63 2.98 2.3630  0.40800
0.022” Spring Stainless Steel ~ 0.80 3.00 23800 0.74506
Stainless Nickel-titanium Elastic 3.00 7.00 5.0300 1.06359
Steel 0")’(19 Spring Stainless Steel 050 5.00  3.8000 1.31656
0.025°  Stainless Steel Elastic 1.00 2.60 19590 0.60510
Spring Stainless Steel ~ 1.00 300 19000 0.56765

Min.: Minimum, Max.: Maximum, Measurement unit in mm.

Student’s t—test (Table 2 and Figure 2) showed significant difference of the value of Rate
of space closure at (p<0.05) between the two types of retraction springs. In both types of arch
wires and ligatures, nickel-titanium closed coil springs showed the higher mean value for Rate
of space closure, while the stainless steel closed coil spring showed the lower mean value. In
Table (3) and Figure (3) Student’s t—test showed significant difference of the value of Rate of
space closure at (p < 0.05) between the two types of Arch wires. In both types of retraction
methods and ligatures. 0.020inch showed the higher mean value for rate of space closure, while
0.019x0.025 inch arch wire showed the lower mean value. In Table (4) and Figure (4) Student’s
t—test showed no significant difference of the value of Rate of space closure at (p < 0.05)
between the two types of ligatures.

Table (2): Comparison of space closure rate between two types of retraction springs.

Spring Type No. Mean +SD

t—value

d.f

p-value

Nickel-titanium 40 4.4348 1.38518

Stainless Steel 40 1.8491 0.72795

14.779

158

0.000*

* significant difference existed at p < 0.05, Measurement unit in mm.
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Figure (2): Comparison of space closure between nickel-titanium
and stainless steel closed coil springs.
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Table (3): Comparison of space closure rate between two types of arch wires.
Arch Wire Size  No. Mean + SD t-value d.f p-value

0.019x0.025" 40 2.7961 1.62846
0.020" 40 3.4877 1.71452

* significant difference existed at p < 0.05, Measurement unit in mm.

-2.616 158 0.010*
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Figure (3): Comparison of rate of space closure between round (0.020")
and rectangular (0.0197°x0.025") stainless steel arch wires.

Table (4): Comparison of space closure rate between two types of ligatures.
Ligature Type  No. Mean + SD t-value d.f p-value

Elastic 40 3.3418 1.73646 0.138
1.490 158
Stainless Steel 40 2.9421 1.65454

Measurement unit in mm.
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Figure (3): Comparison of rate of space closure between stainless steel and elastic ligatures used.
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DISCUSSION

The rate of space closure significantly is greater with nickel-titanium closed coil spring,
unlike the stainless steel closed coil spring which produce high forces during unloading that
decay rapidly as the extension was reduced while the nickel-titanium closed coil spring produce
more sustained light continuous force,(lé) the rate of space closure with round arch wire was
greater than rectangular arch wire, rectangular wire generally shows higher values of friction
than the round wires, because there is a larger contact area between slot and wire surfaces''”
where the round wire makes only point contact with a bracket—slot edge."?

The rate of space closure is not affected by the application of different types of ligature
(stainless steel ligature and elastomeric ligature) no significant difference in rate of space closure.

Because there is no difference in the frictional resistance between elastomeric and
stainless steel ligation.'®

CONCLUSIONS
The best combination for higher rate of space closure during canine retraction is the use
of Roth bracket with 0.020 inch stainless steel arch wire using nickel-titanium closed coil spring
as retraction method.
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