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X-ray diffraction of orthodontic archwires
for evaluation and comparison of surface
deposits: An in vitro study
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ABSTRACT
Objectives: To evaluate and compare the degree of surface deposits on the archwires with X-ray diffraction (XRD) technique
after a period of 6 and 12 weeks of incubation in artificial saliva. Materials and Methods: The three sample archwires:
1. Stainless steel (Truforce), 2. Beta titanium (Betaforce), and 3. Nickel Titanium (Truflex); each with the dimension of
0.017 × 0.025 inch and 50 mm length, were constructed into simulated orthodontic appliance and immersed in artificial
saliva of pH 6.76 in three different Petri dishes and incubated for a period of 6 and 12 weeks at 37°C in an incubator. Wire
samples were examined by using XRD technique for surface deposits. Student’s unpaired t-test was done to compare the
lattice spacing of the control wire (SS) with the test wires and for the comparison of surface deposits between 6 and 12
weeks incubation. Results: After 6 weeks of incubation, no significant difference in the mean values of the lattice spacing
between control wire and the test wires was found. The lattice spacing values amongst these test archwires was also found to
be insignificant. The test wires showed similar results even after 12 weeks of incubation. Conclusion: XRD analysis showed
deposits on these three test archwires after 6 and 12 weeks of incubation which were insignificant.
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Introduction
Orthodontic archwires are liable to surface deposits and
corrosion because they are immersed in electrolytic saliva.
Factors such as oral temperature, the presence of plaque
and some foods and beverages along with systemic and
oral health conditions provide a corrosive environment.[1,2]
Earlier studies have focused on the intraoral aging of
NiTi wires and inner archwire of stainless steel (SS) face
bows. It was found that the archwire surfaces were coated
by proteinaceous biofilm that mask the alloy surface
topography, which is dependent on individual’s oral
environmental conditions and on the intraoral exposure
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period. The biofilm consists of precipitates of sodium
chloride, potassium chloride, and calcium phosphate
crystalline on the archwire surfaces.[3,4]
Potential treatment effects of surface deposits on the
archwires are variation in friction and torque expression.
Friction might vary because of development of biofilm.
Torque expression might be altered because of inability
for complete wire engagement.[5] Shin et al.,[6] investigated
surface deposits on SS and NiTi archwires by using X-ray
diffraction (XRD) method. XRD is a method of material
testing, which is surface sensitive in region of interest for
layered or surface-treated materials.
The development of unwanted deposits on archwires is
inevitable under normal oral conditions. Knowing the
susceptibility of archwires to such deposits will help to
establish the least susceptible wire and consequently its
use to render highest quality of treatment possible.
The present study was conducted in vitro to compare
the surface deposits on the SS, beta titanium, and nickel
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titanium archwires with XRD technique after 6 and 12
weeks of incubation in artificial saliva.

Materials and Methods
Artificial saliva was prepared with the following composition:
0.4 g NaCl, 0.4 g KCl, 0.8 g CaCl2.2H2O, 0.01 g NaS.5H2O,
1 g CO(NH2) (urea), and 1 l distilled water. The three test
archwires: 1. SS (Truforce), 2. beta titanium (Betaforce),
and 3. nickel Titanium (Truflex) and control wire (SS) were
from Ortho Technology Inc, Boulevard, Tampa, Florida,
USA; each with the dimension of 0.017 × 0.025 inch and
50 mm length.
Simulated fixed orthodontic appliances were constructed
with band material, brackets, archwires, and ligature
wires. Molar band materials (Ortho Technology Inc)
of 0.180 × 0.005 inch dimensions were cut into
strips of 60 mm each. Standard edgewise brackets of
0.022 × 0.028 inch slot size were welded on these
band stripes equidistantly with two welds each, leaving
10 mm of space on both ends and 10 mm distance in
between each bracket. Six such samples of five brackets
each were prepared.
Test samples were divided into three groups according
to the alloy used: Group I: Comprised of SS test
archwires; Group II: Comprised of beta titanium test
archwires; and Group III: Comprised of nickel titanium
archwires. Each group consisted of two samples. All
these samples were immersed in artificial saliva of pH
6.76 (pH meter Slope model: 111E) in three different
Petri dishes according to the group and incubated for
a period of 6 and 12 weeks at 37°C in an incubator.
According to the period of incubation each group is
divided into two subgroups. Subgroup A was incubated
for a period of 6 weeks. Subgroup B was incubated for
a period of 12 weeks.

Figure 1: Graph showing X-ray diffraction peaks of control wire
(stainless steel)
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After the incubation, the wire from sample of each
subgroup was sectioned to lengths of 10 mm each and
arranged flat on the sample holder in an area of 1 cm2 on a
double side sticking tape, for detection of surface deposits
with XRD technique. X-ray diffractometer (Bruker AXS,
Germany) with CuKά radiation at 40 kVp and 30 mA was
used. Both the divergent and receiving slits were of 1°.
The scan range used was between 2 and 7°.
Bragg’s law[7] was used in XRD technique: nλ = 2dsinθ
λ = angle of the incident X-ray beam
d = distance between atomic layers in a crystal
θ = wave length of the incident x-ray beam
n = integer.
Bruker software was used for plotting data, locating peaks,
calculating d-spacing, and lattice spacing. Comparison
of diffraction peaks was done with JCPDS files (Joint
Committee on Powder Diffraction System, USA).

Statistical Analyses
Student’s unpaired t-test was carried out for the comparison
of surface deposits between the control wire and the
test wires and for the comparison of surface deposits
between 6 and 12 weeks of incubation amongst test wires.
Conventional levels of significance were used: P < 0.05,
significant; P > 0.05, not significant.

Results
Data of XRD peaks of control wire and three test wires after
6 and 12 weeks of incubation is shown in Figures 1-7. Mean
and standard deviation for the lattice spacing of control
wire and all the three test archwires after 6 and 12 weeks
of incubation is calculated [Table 1].

Figure 2: Graph showing X-ray diffraction peaks of stainless steel test
wire after 6 weeks of incubation
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Table 1: Shows mean, standard deviation, and mean ± SD of the lattice spacing of control wire and all the three wires after 6 and 12
weeks of incubation
Statistics
Mean
SD
Mean±SD

Control wire
57.837
50.55
57.83±50.55

SS
53.345
55.57
53.34±55.57

6 weeks
TMA
76.436
70.64
76.43±70.64

NiTi
48.512
51.52
48.51±51.52

SS
47.928
84.22
47.92±84.22

12 weeks
TMA
56.505
89.22
56.50±89.22

NiTi
49.666
84.07
49.66±84.07

SS: Stainless steel, TMA: Titanium molybdenum alloy, SD: Standard deviation

Figure 3: Graph showing X-ray diffraction peaks of beta titanium test
wire after 6 weeks of incubation

Figure 5: Graph showing X-ray diffraction peaks of stainless steel test
wire after 12 weeks of incubation

Figure 4: Graph showing X-ray diffraction peaks of nickel titanium test
wire after 6 weeks of incubation

Figure 6: Graph showing X-ray diffraction peaks of beta titanium test
wire after 12 weeks of incubation

Comparison of Surface Deposits Between
Control Wire and three Test Wires
The comparison of surface deposits after 6 weeks of
incubation of control wire and three test wires does not
show significant difference in the mean values of the lattice
spacing. The archwires showed similar results even after
12 weeks of incubation [Table 2].

Comparison of Surface Deposits Amongst three
Test Wires at 6 and 12 Weeks of Incubation
Figure 7: Graph showing X-ray diffraction peaks of nickel titanium test
wire after 12 weeks of incubation
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The comparison does not show significant difference
in the mean values of the lattice spacing amongst test
archwires after 6 weeks of incubation. Even after 12 weeks
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Table 2: Shows results of Student’s unpaired t-test for the lattice
spacing comparison between the control and test wires
Incubation Comparison t-calculated t-tabulated DF

After 12
weeks

6 vs 12
weeks

Control vs
TMA
Control vs
NiTi
Control vs
SS
Control vs
TMA
Control vs
NiTi
SS

0.534

2.23

10

0.362

2.15

14

0.266

2.18

12

0.036

2.16

13

0.22

2.18

12

0.142

2.18

12

TMA

0.403

2.26

9

NiTi

0.033

2.15

14

P-value

P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant

SS: Stainless steel, TMA: Titanium molybdenum alloy, DF: Degrees of freedom

Table 3: Shows results of Student’s unpaired t-test for the lattice
spacing comparison between the test wires at 6 and 12 weeks
Incubation Comparison t-calculated t-tabulated DF
6 vs 12
SS
0.142
2.18
12
weeks
TMA
0.403
2.26
9
NiTi

0.033

2.15

14

P-value
P > 0.05 Not
significant
P > 0.05 Not
significant
P > 0.05 Not
significant

SS: Stainless steel, TMA: Titanium molybdenum alloy, DF: Degrees of freedom

of incubation the test archwires showed no significant
deposits [Table 3].

Discussion
XRD is most widely used for the identification of unknown
crystalline materials (e.g., minerals and inorganic
compounds). Determination of unknown solids is critical
to studies in material science. One of the most important
uses of XRD is to obtain XRD pattern, measure spacings,
obtain integrated intensities, and compare data with
known standards in the JCPDS file which are for random
orientations. Typical XRD equipment includes: X-ray
tube or source; sample holder, goniometer for angle
measurement; X-ray detector for intensity measurement;
and optics for beam filtering and columniation. The
wavelength of rays is similar to the spacing between
planes of atoms in materials. As a result, planes of atoms
constructively interfere with roentgen rays resulting
in diffraction. Bragg’s law allows the calculation of
interplanar spacing or d-spacing from the angular location
of XRD peaks.[7-9]
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In the present study, the XRD is used to compare the lattice
spacing between the control wire and the three test wires,
which were incubated in artificial saliva for 6 and 12 weeks.
After 6 weeks of incubation though deposits were found
on the test wires compared to the control wire; they were
insignificant. Even after 12 weeks of incubation the wires
showed no significant deposits. On comparison between the
surface deposits at 6 and 12 weeks of incubation amongst
the test wires, the results showed no significant difference.
Marques et al.,[10] investigated the degree of debris and
roughness of SS orthodontic archwires with scanning
electron microscope before and after clinical use. When SS
rectangular wires were exposed to the intraoral environment
for 8 weeks, a significant increase in the degree of debris and
surface roughness was observed. This change was correlated
to an increase in friction between the wire and bracket during
the mechanics of sliding. The variation in the results of our
study can be attributed to the in vitro conditions.
Shin et al.,[6] conducted an in vitro study to evaluate and
identify the surface deposits on SS and NiTi archwires by using
XRD method. They observed that, after 12 weeks of immersion
the surface deposits found on SS wires were more than that on
the NiTi wires. In the present study, no significant difference
in the degree of surface deposits on the three test archwires
was observed. However, the surface deposits on titanium
molybdenum alloy (TMA) were found to be more compared
to NiTi, which in turn was more than SS archwire. Hence, SS
being the wire with least amount of surface deposits.

Limitations of the Study
The conditions in the oral cavity differ from the in vitro
arrangements. An absence of the complex intraoral flora,
accumulation of plaque, and its byproducts is the most
important difference. Fixed orthodontic appliances in the
oral cavity are also exposed to stress and friction due to
masticatory function, which may affect the surface deposits on
the archwires.[11] Hence, further research is required to address
the effect of in vivo aging on surface properties of the archwires.

Conclusion
Though XRD analysis showed surface deposits on SS, nickel
titanium, and beta titanium test archwires after 12 weeks
of incubation; however, they were insignificant compared
to control wire also there was no significant difference in
surface deposits amongst the three test archwires.
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