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Abstract

Aim: This study aimed to evaluate the shear bond strength of stainless steel brackets and radiance
plus ceramic brackets by curing at varying distances of Omm, 5mm, 10mm using high-intensity light
cure unit and also to evaluate the adhesive remnant index (ARI) scores at the site of bond failure.

Material & Methodology: 120 premolars were procured. 60 stainless steel brackets and 60
radiance plus brackets were referred to as groups A and B, respectively. Group A consisted of
stainless steel bracket which were subdivided into group Al, group A2, and Group A3 based on the
light curing distance of Omm, 5mm, and 10mm, and similarly group B were subdivided into group
B1, B2, and B3 based on the curing distances. The brackets were bonded to the tooth surface after
etching the enamel with 37% of phosphoric acid (D-tech) and using Transbond XT adhesive. The
brackets were bonded to the tooth surface. Curing was done using 3M ESPE ELIPAR light curing
unit of 1200millwatt/cm sq intensity. Debonding was done using Instron Universal Testing Machine
to check for the shear bond strength (SBS). The debonded brackets were subjected to a
stereomicroscope of 20X magnification to check the Adhesive Remnant Index (ARI) and the results
obtained were tabulated and statistical analysis was done.

Results :The shear bond strength (MPa) for group Al, group A2, group A3 were 23.06+1.83,
20.56+2.13, 14.09+2.52 respectively and for groups Bl, B2, B3 were 31.38+1.54, 28.29+1.36
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,24.46+2.03 respectively. It was found that group B has superior bond strength compared with group
A at all distances and it was statistically significant.According to the ARI evaluation, at Omm
distance the bond failure for both the groups were observed at bracket adhesive interface and at
5mm and 10mm distances the bond failure was observed at the enamel adhesive interface

Conclusion: The shear bond strength (SBS) of the radiance plus bracket was found superior than the
stainless steel brackets, and the bond strength obtained at all three distances for both brackets was
clinically accepted. The ARI at Omm exhibited bond at the enamel adhesive interface for both
brackets and at 5mm and 10mm, it exhibited bond at the bracket adhesive interface.

Keywords: bond strength, ARI scores, curing distance, monocrystalline brackets, stainless steel
brackets

Introduction:

Bunocore*and Neumann's contribution of bonding in orthodontics has paid its way into the
orthodontic treatment world and it plays a vital role in the entire treatment procedure. The
innovations done in the materials used in the treatment procedures are mainly to increase the quality
of the treatment and to prevent contamination and cross-infection among patients. The bond strength
of orthodontic brackets has significant role in deciding the success of the treatment and the ideal
bond strength is in the range of 6-8 MPa.? The factors deciding on the bond strength are by the
bracket materials, bracket base design, adhesives, and the wavelength of the light-curing unit.

Mills introduced LED light curing units as a polymerizing light source in 1995. Currently, some
high-power LED curing units can emit light radiation with the intensity of 1600-2000Y mW/cm2,
allowing shorter exposure times of six seconds for metal brackets. This reduces the working time.
The LED light used in our study is elipar 3M ESPE®, which has high-intensity wavelength of
1200mW/cm2, and studies have shown that the intensity of curing light travels to a distance of 7mm
depth.

Cross-contamination in orthodontics has become a major concern due to the increase of covid and
other viral diseases. In orthodontic procedures, human-to-human transmission of SARS-CoV-2
occurs predominantly through the respiratory tract via droplets, secretions (cough, sneeze), and or
direct contact, where the virus enters the mucous membrane of the mouth, nose, and eyes* The virus
can remain stable for days on plastic and stainless steel. Hence, contamination via light curing tips is
high and precautions in preventing cross-contamination should be taken.

In this study, we would like to evaluate the influence caused by varying the distances of the light
cure unit and its effect on bond strength and to evaluate the site of failure

Aims

The study aimed to evaluate the shear bond strength of stainless steel brackets (American
Orthodontics, WI, Sheboygan) and monocrystalline ceramic brackets (American Orthodontics, WI,
Sheboygan) by curing them at various distances of Omm, 5mm, and 10mm using a high-intensity
light cure unit of 1200millwatt/cm sq intensity, and also to evaluate the adhesive remnant index
(ARI) scores at the site of bond failure.
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Materials And Methodology:

120 EXTRACTED MAXILLARY PREMOLARS

— t —
GROUP A (60 PREMOLARS) GROUP B (60 PREMOLARS)
(STAINLESS STEEL BRACKETS) (MOMOCRYSTALLINE CERAMIC
BRACKETS)

‘ GROUP Al — BRACKET AT 0 MM ‘ GROUP B1 - BRACKET AT 0 MM
DISTANCE —{20 PREMOLARS) DISTAMNCE—{20 PREMOLARS)

- GROUP A2 — BRACKET AT 5 MM ‘ GROUP B2 - BRACKET AT 5 MM
DISTANCE—{20 PREMOLARS) DISTANCE—{20 PREMOLARS)

P GROUP A2 —BRACKET AT 10 MM P GROUP B3 — BRACKET AT 10 MM
DISTANCE-(20 PREMOLARS) DISTANCE—{20 PREMOLARS)

@ GROUPAL @ GROUPA2 GROUP A3

| O GrourBl @ GROUP B2 GROUP B3

This study was conducted at Indira Gandhi Institute Of Dental Sciences , Puducherry.
The study isapproved by Institutional Review board (CODE:IGIDSIRB2015NDP09PGMAODO)
and Institutional Ethical Committee (CODE: IGIDSIEC2016NDP09PGMAOQDO ).

The samples were divided into group A which is the stainless steel group and group B which is the
monocrystalline ceramic group. Based on the varying distances of Omm, 5mm, and 10mm, the
groups were subdivided in group Al, A2, A3 and B1, B2 and B3 respectively . The premolars were
placed on a customized jig where the distance was measured from the base of the bracket and curing
was done for 15 sec using high-intensity LED light (3M ESPE ELIPER) of wavelength 1200m/watt
centimetre square (Fig 1). Each specimen was stored in a container for 24 hours. The shear Bond
Strength between the two groups was tested using an Instron Universal Testing Machine (ABS
INSTRON 338266216) at the weight of 1KN(Fig 2 ). The brackets were debonded to evaluate the
Adhesive Remnant Index scores as per Alper OZ et al 2013. The bracket base was evaluated under a
stereomicroscope with a magnification of (20 x) to determine the mode of bond failure (Fig 3 ). The
obtained values of shear bond strength and adhesive remnant index were tabulated and sent for
statistical analysis.

Figure 1: Curing using customized zig
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Figure 2: Testing SBS using universal testing
machine

Figure 3: ARI INDEX using Stereomicroscope

Results:

The difference in shear bond strength was recorded and the mean and standard deviation were
calculated for the groups. The mean value was 23.06MPa with SD of + 1.83, 20.56MPa with S.D of
+ 2.13, and 14.09 MPa with SD of + 2.52, for the groups Al, A2, and A3 ( stainless steel brackets-
American Orthodontics, WI, Sheboygan) respectively while the confidence interval was 95% (Table
1 ). The P value was statistically significant for all 3 groups as the value was less than .001.
Likewise, the mean values of 31.38 MPa with SD of £ 1.54, 28.29 MPa with SD of + 1.36, and
24.46 MPa with SD of £ 2.03 were obtained for the groups B1, B2, and B3 (monocrystalline
ceramic brackets-American Orthodontics, W1, Sheboygan) respectively. With a confidence interval
of 95%, the p-value showed statistical significance as the value is less than .001 for all 3
groups(Table 2). Alper et al evaluated the site of bond failure, where a significant difference was
recorded between groups (Table 3 ). The results obtained were tabulated and statistically analyzed
by unpaired T-test, One Way ANOVA, and POST HOC test.

Table 1 :Comparission Of Shear Bond Strength At Varying Distances Within Group A

Mean 95% Confidence Interval for
Distance Sample size Std. Deviation  [Mean Minimum Maximum
(N) Lower Bound  |Upper Bound P value
Omm (A1) 20 23.065500  |1.8341884 22.207073 23.923927 18.6600 25.5500 0.001
5mm (A2) 20 20.568000 2.1312872 19.570527 21.565473 15.5500 22.7700 0.001
10mm (A3) |20 14.094000 |2.5224349 12.913464 15.274536 10.1100 17.3300 0.001
Total 60 19.242500  |4.3738505 18.112615 20.372385 10.1100 25.5500 0.001

Table 2 :Comparison Of Shear Bond Strength At Varying Distances Within Group B

95% Confidence Interval for Mean
Sample Std.

Distances sixe (N) Mean Deviation Lower Bound Upper Bound Minimum Maximum P value
Omm (B1) 20 31.384500 1.5468286 30.660562 32.108438 27.4000 33.0400 .0001
5mm (B2) 20 28.296500 1.3659285 27.657226 28.935774 25.8200 29.8600 .0001
10mm (B3) 20 24.467500 2.0303691 23.517258 25.417742 19.8600 26.5000 .0001
Total 60 28.049500 3.2922999 27.199009 28.899991 19.8600 33.0400 .0001

Table 3: Adhesive Remnant Index
VALUE CRITERIA GP Al GP A2 GP A3 GP B1 GP GP B3
B2

0 Entire adhesive is left on the bracket base 1 2 12 2 3 7

1 More than half of adhesive left on bracket base 4 12 4 3 11 9

2 Less than half of adhesive left on bracket base 10 4 3 11 2 3

3 No adhesive is left on the bracket base 5 2 1 4 4 1
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Discussion :

When the mean value of group Al and B1 were compared , the values exhibited by B1 was far
superior(31.38MPa), than values of group Al which is (23.06MPa). this indicates high shear bond
strength in group B1. The factor contributing for increase in shear bond strength maybe due to the
increase in the transparency of the bracket which would have helped the curing light pass through
the bracket and would have assisted in increase curing surface area.>®

But according to the study done by Javad et al in 2016 JDT?® , the bond strength of metallic bracket
was superior to that of the ceramic brackets which was contradictory to the result obtained in our
study. This maybe due to the thermocycling process which was done in their study.

On comparing the mean values of group A2 and B2, group B2 exhibited superior bond strength of
28.29MPa than group A2 which was only 20.56Mpa. This suggest that the bond strength in group
B2 is superior. Transparency of the ceramic brackets , plays a major role in increasing the bond
strength by increasing the light penetration and curing depth .Though the distance of light source is
increased by 5 mm in group A2 and B2 , the shear bond strength obtained was clinically accepted in
both the groups and this maybe due to the high intensity of the light cure used which was 1200mW.
6,8,10,11

On comparing group A3 and B3, group A3 showed mean value of 14.09MPa and group B3
showed mean value of 24.46MPa , which suggest group B3 has increased bond strength compared
to group A3 and this is due to the transparency of the bracket as discussed earlier.®12151® Byt in a
study done by Gronberg et al in 2006 AO?the shear bond strength showed no significant
difference at Omm to 10mm distances, where the result of this study was in contradiction to the
result we obtained in our study.

Thereby on comparing the shear bond strength within group A, the mean value of group Al was
23.06MPa , group A2 was 20.56MPa and for group A3 it was 14.09 MPa. Therefore on comparing
the mean values of all 3 groups, group Al has higher shear bond strength than the other 2 groups
.The overall mean value of group A was 19.24MPa.®79)

On comparing the mean value of group Al and group A2 that is 23.06MPa and 20.56MPa
respectively , it showed 11.46% of reduction in shear bond strength and on comparing group Al
with the mean value of group A3 which is 14.09MPa , reduction of 48.29% was observed .
Similarly on comparing group A2 and group A3 there is 37.34% reduction of bond strength in the
A3 group. This drastic reduction in the bond strength can be due to reduced light penetration as the
metal brackets are opaque and also as the distance increases the intensity of the light decreases .©¢79)
Taking group B into consideration and on comparing the mean values between the group , group
B1 showed mean value of 31.38MPa , and group B2 and B3 showed mean value of 28.29MPa
and 24.46MPa respectively. Therefore on comparing within the groups, group B1 showed increased
bond strength compared to group B2 and group B3. The overall mean value for group B was
28.04MPa .(014.17.18),

Comparing groups B1 and B2 which showed mean value of 31.38MPa and 28.29 MPa respectively ,
there showed 10.35% of reduction in bond strength in group B2 and similarly on comparing group
B1 with group B3, it showed 24.78% of total reduction in bond strength. On comparing group B2
to group B3 it showed 14.52% of reduction in bond strength. This reduction in bond strength is
comparatively less in group B compared to that in group A due to the transparency of the bracket
and the depth of light penetration.®4-1")

After debonding brackets, the base of the bracket was analyzed using stereomicroscope with 20x
magnification®®and the scores were noted as suggested by A.Alper OZ @9 ARI is used to evaluate
the amount of adhesive left on the bracket surface after debonding for assessing the site of bond
failure.

On assessing ARI for group Al there was increase in bonding between enamel adhesive interface
rather than adhesive bracket interface.!® Likewise for group A2 there was increase in bonding

Vol. 30 No.9 (2023): JPTCP ( 463-469) Page | 467


https://jptcp.com/index.php/jptcp/issue/view/79

Comparative Evaluation Of Bond Strength And Ari Between Stainless Brackets And Monocrystalline Brackets At
Various Curing Distances

between the bracket adhesive interface.®for group A3, there was less bonding between the adhesive
enamel interface and more bonding between the bracket adhesive interface.®

Similarly on assessing ARI for group B1, it showed increased bond between the enamel and
adhesive interface. ‘%29 |ikewise for group B2 there was increase bond at bracket adhesive
interface.?>'") and for Group there was increase bond between the bracket adhesive interface. The
decrease(zilr)l bond strength between the groups is due to the increase in light tip distance to the
bracket.

Bonding the brackets is the first step done clinically in treating the orthodontic patients and
debonding is the last treatment step done after the completion of orthodontic treatment before the
retention protocol. So bonding is given the utmost importance as it influences the treatment
outcome. Due to this reason, we have evaluated the shear bond strength depending on the distance
of light curing for metal bracket and ceramic bracket. The metal bracket consistently exhibited less
shear bond strength when subjected to light curing at various distances. But ceramic bracket
Radiance plus which is a monocrystalline bracket exhibited high shear bond strength at all distances
when subjected to light curing suggesting the transparent nature of monocrystalline bracket which
directly is proportional to the translucency, which helps the curing light to pass through the surface
of the bracket. With the results achieved in this study, we would like to suggest to cure the bracket
at 0 mm for bonding as high shear bond strength was noticed at Omm.

At Omm distance of light curing, both stainless steel brackets and radiance plus brackets exhibited
bonding at enamel adhesive interface. When both these brackets were light cured at 5mm and
10mm distance the bonding interface was seen at the adhesive bracket junction. This may be due to
the lack of penetration of curing light through the adhesive as the curing light was placed further
away

Conclusion:

1. Shear bond strength of stainless steel brackets when curing was done placing the light cure at
various distances exhibited reasonable bond strength which meets the clinical standard suggested
for shear bond strength , but the shear bond strength was less when the curing light was moved
further away from the bracket surface, that is the more the distance from the curing light to the
bracket surface the less the bond strength.

2. Radiance Plus brackets exhibited high shear bond strength values at all the distances, but the
pattern was similar as the distance of the curing light to the bracket base increased. The shear
bond strength was decreased.

3. When the shear bond strength was compared between the stainless steel bracket and the Radiance
Plus bracket, the Radiance Plus brackets showed superior bond strength values. This might be
due to the transparent nature of the bracket , which allows the curing light to pass through the
bracket surface

4. Increasing the distance of the curing tip reduces the risk of cross contamination
Adhesive remnant index evaluation for the stainless brackets at Omm distance exhibited bond
interface between enamel adhesive interface, and at 5mm and 10mm distances the bond interface
was observed between the bracket and the adhesive interface. When the Adhesive Remnant Index
is evaluated in the Radiance Plus brackets surface at 0 mm, the bond interface was between the
enamel and adhesive interface and the bond interface was between the adhesive and the bracket
interface at 5mm and 10 mm distances. This might be due to the transparent nature of the bracket
leading to the passage of the curing light through the bracket and assisting in excessive bonding
between bracket adhesive interface.

o
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