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Abstract

Background: Static and kinetic (force and coefficient friction) between the orthodontic
brackets and wire impacts to the sliding mechanics that aftecting teeth movements and
treatment duration. This sliding media is released metal ions from the fixed appliances
in ionized condition.

Aim of study: This study aimed to assess effect the static and kinetic (force and

coefficient friction) and surface topography of stainless steel and I archwires (test wire)
in dry conditions and in full media with metal ions that released from fixed appliances.
Material and Methods: This experimental study employed 120 brackets Roth
stainless steel 0.018-inch (Dentaurum Company), 120 arch wires (60 no. stainless steel
Dentaurum Company and 60 no. SIA Orthodontic Manufacturer company ), and 60
ligatures (Dentaurum Company). The study adopted scientific methods to simulate the
forces acting on a tooth root, brackets were bonded to the metal baseplate, and archwire
samples inserted into the slots. Experiments were conducted in dry conditions as well
as under ionized and deionized water to assess the impact of these variables on friction.
A movable stainless steel bracket with a power arm (10 mm ) simulated the equivalent
force at a tooth's center of resistance, holding weights of 100 grams. The bracket was
moved across the baseplate, with a load cell recording forces applied to it. The static
and kinetic frictional forces were measured and represented graphically using
Universal Tensile Machine software. All tests were conducted at room temperature and
repeated 10 times for each archwire-bracket-ligature combination.

The study also employed an Atomic Force Microscope for surface topography
and roughness analysis of the archwires at the nanoscale level. Furthermore, the impact
of immersion in deionized water on orthodontic assemblies was investigated, with the

pH and ion content of the water measured pre- and post-immersion.
Results: The static frictional forces displayed significant variations across conditions,

with dry SS wire exhibiting the highest mean value and ionized SS wire the lowest.
The kinetic frictional forces of both wire types were also significantly affected by these

conditions, with ionized demonstrating the least frictional force, indicating superior



performance. These significant differences were statistically confirmed through
Shapiro-Wilk, ANOVA, and Tukey's tests.

Frictional characteristics of test wire with SS brackets were also investigated.
Significant differences were observed across all conditions in both static and kinetic
friction, with SS wire consistently exerting higher frictional force, suggesting the
varied performance of Superelastic [ archwire compared to traditional SS wires.

The study further analyzed the surface roughness of these orthodontic appliances
under the influence of ionization. Post-immersion, the deionized water, with notable
ion release, and Ni registering the highest release. Surface roughness decreased from
dry to ionized states, with dry conditions displaying the highest and ionized the lowest
roughness values, suggesting ionized environments promote less friction with reduce
the surface roughness of orthodontic appliances and wires, potentially affecting their
clinical performance.

In conclusion, this study demonstrates that the highest average static and kinetic
(force and coefficient friction) occurs in dry conditions with a stainless steel bracket
and test wire. Comparing the dry state to deionized and ionized states, the latter two
exhibit enhanced Static and kinetic (force and coefficient friction) for both I archwire
and stainless steel wire. The ion state showcases the lowest Static and kinetic (force
and coefficient friction) for stainless steel and the new I archwire, with the new test
wire outperforming others in this state. The innovative NiTi (I archwire) wire has
consistently lower NiTi than traditional stainless steel wire, Finally, Atomic Force
Microscope imaging indicates reduced roughness parameters for the new wire in both
ion and deionized states compared to conventional stainless steel wire, with the highest

roughness observed in the dry state.
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