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Mechanical properties of aesthetic nickel-
titanium wires before and after clinical use

Abstract. The objective of the study was to compare the mechanical properties of aesthetic
orthodontic Ni-Ti wires before and after clinical use. Materials and methods. The experimen-
tal group consisted of 75 0.014" coated Ni-Ti wires — 15 from each of the 5 companies selected,
namely Group | — D-tec, Group Il — JJ Orthodontics, Group Il — OSL, Group IV — American Ortho-
dontics, and Group V — Koden. The control group consisted of two groups with 25 coated 0.014"
Ni-Ti, 5 from each company (without clinical use) and 25 non-coated 0.014" Ni-Ti 5 from each com-
pany (without clinical use). The experimental wires were retrieved from the patient’s mouth after
one month and tested in the laboratory, for their mechanical properties which included: load
deflection, flexural modulus, and microhardness. Results. Mean micro-hardness of experimental
samples is significantly lower in Group Ill (303.948.9; p=0.001). The mean micro-hardness of coated
control samples is significantly lower in Group | (309.8+18.2; p=0.674). In Groups |, Il, IV and V,
the mean micro-hardness of experimental, coated and non-coated control samples was not statisti-
cally significant. Conclusion. On comparison of mechanical properties like load deflection, flexural
modulus, and hardness of aesthetic orthodontic Ni-Ti wires, it was observed that there was a sig-
nificant difference among five different types of Ni-Ti wire. Also, difference was observed among
the experimental group, the coated control group and the non-coated control group. A significant
difference was seen in Ni-Ti wire before and after clinical use.
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MexaHn4yecKle CBOMICTBA 3CTeTUUYECKUX
HUMNKE/Nb-TUTAHOBDBIX YT OO U IIOCJIE
KJIIMHNYECKOTO ITPUMEHCHN A

Pedepar. Llenb nccnegoBaHua — cpaBHeHre MeXaHNUYeCKX CBOMCTB 3CTETUYECKIX OPTOLLOHTH-
YeCKMX HUKeNb-TUTAHOBbIX AYr [0 U NOC/e KIMHUYEeCKoro npumeHeHua. MaTtepmuanbl n meTo-
Abl. JKCNeprMeHTaNbHasA rpynna coctoana n3 75 HUKeNnb-TUTaHOBbIX Ayr € nokpbiTruem 0,014" —
no 15 oT Kaxxgoi 13 5 BoibpaHHbIX KoMnaHuia: | rpynna — D-tec, |l rpynna — JJ Orthodontics,
Il rpynna — OSL, IV rpynna — American Orthodontics n V rpynna — Koden. KoHTponbHas rpyn-
na cocToana u3 Ayx rpynn: koHtponbHaa 1 — 25 0,014" Ni-Ti gyr ¢ nokpbITMeM, N0 5 OT KaxKgow
KOMMaHWK (6e3 KNMHUYECKOro UCMONb30BaHNA) U KOHTPonbHasA 2 — 25 He nokpbiTbix 0,014 Ni-Ti
Jyr, N0 5 oT Kaxol KomnaHum (6e3 KIIMHUYECKOro 1CMOJIb30BaHNA). JKCNepPUMEHTaNbHbIE AyTU
6bII U3BNIEUEHDBI 13 MONOCTY PTa NauueHTa yepes 1 MecaAl 1 NPOTeCTMPOBaHbI B nabopatopuu
Ha MexaHu1yecKre CBONCTBA, KOTOPble BKIIIOYANIN OTKIIOHEHWE MOA Harpy3Koii, MoLynb YNpyroctu
1 MUKPOTBEPAOCTb. Pe3ynbraTbl. CpefjHAA MUKPOTBEPAOCTb IKCNePUMEHTAbHBIX 06pa3LoB
3HaunTenbHo Huxe B Il rpynne (303,9+8,9; p=0,001). CpeaHAA MUKPOTBEPAOCTb KOHTPOSbHbIX
06pa3L0B C MOKPbITUEM 3HaUUTENbHO HKe B | rpynne (309,8+18,2; p=0,674).B 1, II, IV n V rpynnax
CpefHAs MUKPOTBEPAOCTb OMbITHBIX 06Pa3L0B, KOHTPOJIbHBIX 06PA3LI0B C MOKPbITUEM 1 6e3 Hero
He Oblna CTaTUCTNYECKM 3HaUMMON. 3aKntoueHme. [py CpaBHEHNI MeXaHNYeCKUX CBOMCTB, TaKUX
KaK Nporu6 nog Harpyskom, Mogysb YNpyrocTyi U TBepAOCTb ICTETUYECKNX opToAoHTMYecKux Ni-Ti-
By, 6bII0 OTMEUEHO, YTO CYLLECTBYET 3HaUMTENbHAsA Pa3HILEA MEXAY NATbIO Pa3NNYHbIMU TUMAMU
Ni-Ti-ayr. Takxe Habnoganacb pasH1La MeXzy SKCNepUMeHTaNbHO FPYNMoii, KOHTPONIbHON rpym-
MoV C MOKPbITUEM U KOHTPOJIbHOI rpynmnoii 6e3 NoKpbITUsA. 3HaunTeNbHaA pa3HuLa Habnoganacb
B Ni-Ti-gyre fo 1 nocne KANHNYECKOro NPUMeHEHNA.

KnioueBble cnoBa: sctetuyeckas fyra, MexaHnyeckue ceonctsa, Ni-Ti gyra
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INTRODUCTION

The demand for more aesthetic orthodontic treatment mo-
dalities is growing. This trend is understandable since pa-
tients hope for improved appearance and the number of adult
patients is increasing [1]. Currently, aesthetic brackets have
become an inescapable reality of the orthodontic clinic, of-
fering an alternative to metal brackets. However, the same
is not true of aesthetic wires, which were seldom reported
in the orthodontic literature until the mid-2000s.2 Metallic
arch wires coated with coloured polymers or inorganic ma-
terials are currently the solution to this esthetic problem [2].
Materials used in coating are polymers such as synthetic
fluorine-containing resin or epoxy resin composed mainly
of polytetrafluoroethylene, which is used to simulate tooth
colour [3].

The mechanical properties of metallic arch wires could
be affected during this process and by possible changes
in their inner alloy core dimensions to compensate for
the thickness of the coating layer [4, 5]. It has been report-
ed that coating may or may not increase unloading forc-
es and surface roughness of as received wires, depending
on the technique used for surface treatment [6, 7]. Loss
of a significant amount of coating, poor colour stability,
change of mechanical behaviour and force values, and in-
crease in surface roughness, have all been reported after
clinical use [8, 9].

Furthermore, several different manufacturing compa-
nies provide these coated wires. Some of these wires are
already used in various studies [10—12].

This study is an effort towards studying and comparing
mechanical properties like load deflection, flexural modulus
and hardness of of aesthetic orthodontic Ni-Ti wires before
and after clinical use.

MATERIALS AND METHODS

The experimental samples included 75 coat-
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clinical use) and 25 non-coated 0.014" Ni-Ti five from each
company (without clinical use). The coated wires from
the experimental groups were placed in the subject’s mouth
(one wire per subject) for a period of one month as a part
of the initial levelling and aligning procedure of fixed mech-
anotherapy.

The mechanical properties that were evaluated and com-
pared included flexural modulus, modulus of elasticity, hard-
ness, and load deflection. Flexural modulus was evaluated
using a Universal testing machine. Three-point bending test
for the evaluation of the load-deflection and flexural modu-
lus of the wires before and after clinical use of the samples.
The hardness of the coated wire was then measured before
and after clinical use on the Reichert micro-hardness tester.

In the statistical processing of the data, all hypothe-
ses were formulated using a one-way analysis of variance
(ANOVA) with a post-hoc Bonferroni correction for mul-
tiple comparisons between groups, p<0.05 was considered
statistically significant.

RESULTS

In the present study, the load-deflection properties and flex-
ural modulus were evaluated using a Universal testing ma-
chine. The load-deflection curve generated was analyzed
to detect the mechanical properties of the wires. The mean
load at 1 mm and 2 mm of experimental samples is signifi-
cantly higher in Group II (p<0.05; table 1 and 2). The mean
load of coated control samples is significantly higher
in Group V (p<0.05). The mean load of non-coated con-
trol samples is significantly higher in Group III (p<0.05).
In Groups I and V, the mean load at 1 mm deflection of ex-
perimental samples differs significantly compared to coated
control samples (p<0.05). In Groups II and V, the mean
load at 1 mm deflection of experimental samples differs
significantly compared to coated control samples (p<0.05).

Table 1. Mean load experience at 1 mm deflection (N)

ed and 25 non-coated 0.014" Ni-Ti wires
(10 and 5 from each of the 5 companies)

namely:
1) D-Tec (Sweden) — Group [;
2) JJ Orthodontics (India) — Group IL;
3) OSL (United Kingdom) — Group III;
4) American Orthodontics (USA) —

Group | Group Il Group Il Group IV GroupV
(n=20) (n=20) (n=20) (n=20) (n=20)
Experimental 1504032  2.03£0.20%* 1.68+0.50 1.66+0.28 1.64+0.37
Sample
Coated control 1.92+0.18"  1.43+0.11  1.96+0.07 1.45+0.13  2.54+0.12%*
Non-Coated Control 1.49+0.23  1.60+0.16  1.98+0.19 1.56+0.28 1.29+0.26

Group IV;
5) Koden (India) — Group V.
Fifty subjects were randomly selected for
orthodontic treatment. One coated 0.14" Ni-Ti

Remark. The difference is statistically significant (p<0.05): * Differs from other
samples in series; * Differs from experimental samples in group.

Table 2. Mean load experience at 2 mm deflection (N)

wire per subject was placed in 50 different sub-
jects in the upper arch only. The wires were

retrieved from the patient’s mouth after one
month and tested in the PRAJ Metallurgical
Laboratory (Pune, India), for their mechanical
properties which included, flexural modulus,

Group | Group Il Grouplll  Group IV~ GroupV
(n=20) (n=20) (n=20) (n=20) (n=20)
Experimental 194049 2.62+0.26* 2224067 2224043 2.22%0.55
Sample
Coated control 248+0.13 2.14+0.09 2.77+0.15 2.15+0.18 3.41+0.19*
Non-Coated Control 1.82+0.20 2.07+0.16 2.66+0.14 2.11+0.37 1.54+0.22

modulus of elasticity and load deflection.
The control group consisted of 25 coated
0.014" Ni-Ti, five from each company (without

Remark. The difference is statistically significant (p<0.05): * Differs from other
samples in series; * Differs from experimental samples in group.
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The mean flexural modulus of experimental samples
is significantly higher in Group V — 167—216 GPa (p<0.05;
table 3). The mean flexural modulus of coated control
samples is significantly higher in Group V (220—244 GPa;
p<0.05). The mean flexural modulus of non-coated control
samples is significantly higher in Group III (159—197 GPa).
In Groups I, IT and IV the mean flexural modulus of ex-
perimental samples is significantly higher compared to non-
coated control samples (p<0.05). In Group V, the mean
flexural modulus of coated control samples is significantly
higher compared to the non-coated control sample (p<0.05).

For hardness, near-straight portions of the wires were
embedded into acrylic blocks and polished. The acrylic
blocks were then placed on the Reichert hardness tester
and various indentations using a diamond tip (Berkovich
indenter) were made on the samples. On inter-group com-
parison, the mean micro-hardness of experimental sam-
ples is significantly lower in Group III (p<0.05; table 4).
The mean micro-hardness of coated control samples is sig-
nificantly lower in Group I (p<0.05). In Groups III, IV and V,
the mean micro-hardness of experimental samples is signi-
ticantly lower compared to coated and non-coated control
samples (p<0.05).

DISCUSSION

This study provides crucial information regarding the me-
chanical properties of coated orthodontic Ni-Ti wires
and whether clinical use and the esthetic coating process
affect their properties and if so, to what extent. Hence, this
study also compares the differences in their mechanical
properties with their unused and non-coated counterparts.
The present study has comprehensively studied the me-
chanical properties like flexural modulus, load deflection
properties, micro-hardness and surface coating properties
of these coated orthodontic Ni-Ti wires of 0.014" diameter,

Table 3. Mean value of flexural modulus (GPa)
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after clinical use and compared them with their non-coat-
ed and coated counterparts which were not used clini-
cally. The test set-up was chosen from the many available
in the literature as one that would emulate the complexity
as seen in the study by Bradley et al. (2013) [8]. The use
of an agreed-upon standard allows for replication and com-
parison of studies and can provide a more efficient way
to test new wires developed by manufacturers.

In the present study, the load-deflection properties
and flexural modulus were evaluated using a Universal
testing machine. Measurement of the force (N) at load-
ing and unloading extensions was able to give insight into
the tooth-moving properties of various wires. This suggests
that coated wires showed more amount of force values at var-
ious deflections than their used and non-coated counterparts.
The study results agree with Nakano et. al. (1999) [13].
The unloading forces generated at 1mm deflection were
lower in the experimental wires as compared to the as-
received coated control 1 wire. These findings are in ac-
cordance with the findings of Elayyan et al., (2008) where
the retrieved coated arch wires generated lower unloading
forces (15—29 g) when deflected for 1 mm and 2 mm com-
pared with as-received coated arch wires (46—59 g) which
were statistically significant (p<0.001) [14].

The flexural modulus of each wire was evaluated using
the stress-to-strain curve. In the present study, the load-
deflection properties as well as the flexural properties do not
show much statistical significance in either the coated
or non-coated control samples which suggests that the stiff-
ness of the wires is almost the same in coated as well as non-
coated wires although the forces delivered by the coated
wires do seem to be higher than their non-coated coun-
terparts. This is in discordance with the previous studies.
This could be attributed to the newer techniques developed
by the manufacturers which they do not share, lest they re-
linquish the edge over their competitors.

In the present study, Berkovich’s
diamond tip was used for indentation

like the studies and values were evalu-

Group | Group Il Group Il Group IV Group V . .

(,,:28) (n=20) (n=20) (n=20) (n=20) ated according to the Vickers hardness
Experimental scale and the software ISO 1501:2002,
Coated control 16604164 12504109 170.8+127 1438+127 2318+11.8+  Sity the valuesobtained. This variation could

Non-Coated Control

132.2+14.9% 139.0+11.4* 178.0+18.9% 149.0+12.1* 126.8+19.7

arise because of the coating process. How-

Remark. The difference is statistically significant (p<0.05): * Differs from other samples

in series; # Differs from experimental samples in group.

Table 4. Mean value of micro hardness test (HV)

ever, the coating methodology and the exact
process of manufacturing are not disclosed
by most of the manufacturers.

This study was limited only by the lack
of information available from manufactur-

ers regarding their manufacturing process.

Group | Group Il Group Il Group IV Group V . . .

(n=20) (n=20) (n=20) (n=20) (n=20) Once again there is no standard in the man-
Experimental ufacture and several factors including but
sample 3186£10.1 32074156 303.9+89* 3231%90' 3185:93'  not limited to austenite finish temperatures,
Coated control 309.8+18.2% 339.9413.2 340747.9 3320458 336.4%7.0 temperatures used during coating applica-

Non-Coated Control

336.8+11.4 3254+104 341.7+159 340.1£11.4 336.8+9.6

tion, actual thickness of coatings and exact

Remark. The difference is statistically significant (p<0.05): * Differs from other samples

in series; # Differs from experimental samples in group.

composition of the coating, limit a true un-
derstanding of these wires.
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CONCLUSION

On comparison of mechanical properties like load deflec-
tion, flexural modulus, hardness and surface coating of aes-
thetic orthodontic Ni-Ti wires, it was observed that there was
a significant difference among five different types of Ni-Ti
wire. Also, difference was observed among the experimental
group, the coated control group and the non-coated control
group. A significant difference was seen in Ni-Ti wire before
and after clinical use. This study directly relates to the clini-
cian practicing evidence-based dentistry. It provides not
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