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Abstract

Aims of the Study: The current study aims to evaluate the influence of adding zirconium oxide and
Titanium dioxide nanoparticles alone or in combination at three different concentrations (0.02%, 0.04%
and 0.06%) on shear and tensile bond strengths of Transbond™ XT orthodontic adhesive (3M), and to
detect the site of bond failure after debonding.

Materials and Methods: One hundred freshly extracted human upper premolar teeth were used. The
teeth were divided equally into two main groups, one group for the shear bond strength test and the other
for the tensile bond strength test. Each group was further divided into four

Groups: The Control group, zirconium oxide nanoparticles group, Titanium dioxide nanoparticles group,
and zirconium oxide nanoparticles mixed with Titanium dioxide nanoparticles group. These groups were
further subdivided into three sub-groups according to the concentration of the additives. The labial
surface of each tooth was cleaned with fluoride-free pumice and water, etched with 37% phosphoric acid,
rinsed and dried. The Transbond™ XT orthodontic adhesive and/or the modified adhesive was placed on
the bracket’s mesh and bonded to the etched enamel. Universal testing

Machine (Tinius Olsen Ltd, England) was used to debond the brackets with a knife edge blade at cross
head speed of 0.5 mm/min. for the shear bond strength, and 0.010 stainless steel ligature wire was used
for debonding in tensile bond strength test. The bond strengths were in measured in Mega pascal, and the
adhesive remnant was examined with a stereomicroscope using 10 X. Statistical analysis was done using
SPSS Statistics, V21.

Results: The Shear bond strength of zirconium oxide nanoparticles mixed with Titanium dioxide
nanoparticles group (0.06%) was statistically higher than the other groups. While in tensile bond strength
of zirconium oxide nanoparticles mixed with Titanium dioxide nanoparticles group (0.06%) was
significantly the highest.

Conclusion: Generally, the addition of ZrO2NPs and TiO2NPs together at the studied concentrations
improved the physical properties of orthodontic adhesive related to shear and tensile bond strength and
reduced the bond failure rate.

Keywords: Bond strength, surface clean-up, resin removal, microetcher, debonding

Introduction

Debonding of orthodontic brackets occurs frequently when there is a problem with the
orthodontic brackets bonding system, which delays treatment outcomes. These systems (and
consequently, orthodontic brackets failure rates) can be affected by a number of tooth- or
material-related variables; Clinical bonding failures can be attributed to other causes in 5-7%
of cases [,

Brackets for orthodontic treatment are often bonded using composite adhesive 2. Inorganic
fillers pre-treatment has been the primary focus of prior research into enhancing the
characteristics of resin-based composites 4. It has been suggested that reinforcing fillers like
nanofillers and fibers might be used in dental composite to boost the material's strength €1,
Strengthening denture base resins by utilizing nanofillers has garnered a lot of interest recently
due to the rapid advancement of Nano-phased materials and nanotechnology. This process
results in a polymer nanocomposite which, compared to resins filled with micro-scale
particles, possess enhanced physical and mechanical characteristics; furthermore, utilizing
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several Nano fillers instead of just one allows for a higher
performing composite than would be possible with adding just
one nano-filler 7],

The application of nanotechnology has resulted in significant
advancements in the area of orthodontics. Increasing the shear
bonding strength of orthodontic materials, for example, just
requires the addition of nanoparticles to the materials that are
traditionally used [,

The 3M orthodontic glue has been modified for this study by
the addition of nanoparticles consisting of ZrO2 and titanium
dioxide TiO2. The reason for utilizing these nanoparticles is
that they possess intriguing photocatalytic, physical, and
mechanical characteristics; Moreover, characteristics features
of both (ZrO2:TiO2) nanostructured metal oxides were
proven to be superior to adding just one. This was primarily
attributed to titanium and zirconium's difference in size [,
Nanoparticles composed of zirconium oxide are highly
biocompatible and exhibit excellent aesthetic and mechanical
characteristics (1,

TiO2 Nanoparticles are renowned for their chemical stability
as well asphotocatalytic activity in addition to their
outstanding antimicrobial and mechanical capabilities. TiO2
NPs are hydrophilic because their surface contains hydroxyl
groups, and they are nontoxic and cheap since titanium is the
fourth most abundant metal in Earth’s crust 14,

In this study, the tensile and shear bond strength (TBS and
SBS, respectively) were examined to replicate the effects of
various forces acting on the bonded areas, such as orthodontic
forces and biting. The quantity of adhesive left after
debonding on each tooth was also determined, and this
information was used to calculate the Adhesive Remnant
Index (ARI); ARI was used to identify the type of each failure
of orthodontic adhesive.

In this study, the tensile and shear bond strength (TBS and
SBS, respectively) were examined to replicate the effects of
various forces acting on the bonded areas, such as orthodontic
forces and biting. The quantity of adhesive left after
debonding on each tooth was also determined, and this
information was used to calculate the Adhesive Remnant
Index (ARI); ARI was used to identify the type of each failure
of orthodontic adhesive.

The amount of adhesive remained on buccal tooth surface by
measuring the adhesive remnant index after orthodontic
bracket de-bonding.

Materials and Methods

Failure Site and Adhesive Remnant Index

Failure site: At the time of bracket debonding after
orthodontic treatment, preserving a sound, flawless enamel
surface is a significant clinical concern 14, Bond failure
locations inside the bracket adhesive - enamel complex can
occur within the bracket, at the bracket/adhesive contact,
within the adhesive, and at the adhesive/enamel interface
during debonding 2,

Bracket failure at the bracket/adhesive interface is safer and
more advantageous than failure at the adhesive enamel
interface because the enamel surface is left relatively intact;
however, significant chair time is required to remove the
residual adhesive, and the enamel surface is damaged during
the cleaning process (3. Although there is less leftover
adhesive when brackets fail at the enamel/adhesive interface,
enamel fracture and cracking can occur in this form of failure
(14 1t is possible that the depth of etched enamel surface
caused by phosphoric acid is a causative factor in the
occurrence of enamel crack [*%; also, Chen et al. in 2008
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described the sizes, locations, and incidences of enamel

fracture coincided with the areas where tensile, shear, or

torsion debonding force was applied and found no significant

variance among these debond. After bracket debonding, there

are two basic ideas: first, failure occurs at the

bracket/adhesive interface (which is the most common site in

vitro studies for both metal and ceramic brackets), leaving the

adhesive resin primarily on the enamel surface °; second,

failure occurs at the enamel/adhesive interface, meaning that

there will be less adhesive on the enamel surface [,

When brackets were given particular surface treatments such

as etching 8 and bonding bases were covered with porous

metal powder [7], the failure site did not represent differing

bond strengths at different interfaces.

Separation at or near the bracket/resin junction has also been

correlated by 8 to metal deformation. Metal deformation will

lead tostress concentrationand crack initiation, which

progress a fracture plan.

Many factors have been identified in clinical studies as

potential causes of bond failure:

1. Occlusal tension during function is a significant
contributor %91,

2. Addisruption in the connection during polymerization can
result in resin cohesive failure [,

3. Increased adhesive thickness leads to lower bond strength
and more bond failure 24,

4. Excessive arch wire engagement force 22,

5. Inadequate enamel preparation leads to poor access and

moisture contamination, particularly in the posterior teeth
[23]

The Adhesive Remnant Indices

A. Scribante et al. (2020), used an ARI to determine how

much adhesive was left on the tooth surface (Figure 1) 4. As

an example, the range is 0 to 3:

0 indicates that there is no adhesive remaining on the tooth.

1. Indicates that there is less than 50% adhesive left on the
tooth.

2. More than half of the sticky is still on the tooth.

3. There is no more sticky on the tooth.

Score 0 1 1 1

Fig 1: Scoring system for ARI.

B. By placing the teeth under a projection microscope and
inspecting the enamel surface at magnification X 40, O'Brien
et al. (1988) established a quantitative approach for
determining the area of leftover adhesive as percentages of
bracket base area [?51. Any adhering residues were carefully
scrutinized and drawn out on high-quality tracing paper. The
area under each tracing was determined and expressed as a
percentage of the mean bracket base region after the tracings
were digitized.

C. The modified adhesive remnant index (MARI) was
developed by Bishara and Trulove (1990) %1, Like Artun and
Bergland's ARI, this is a qualitative index that takes into
account how much resin material is stuck to the enamel
surface when determining a final score 7, The scores are as
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follows:

Score 5 = Indicates that there was no composite left on the
enamel.

Score 4 = Indicates that less than 10% of the composite was
left on the enamel.

Score 3 = Indicates that more than 10% of the composite
remained but less than 90%.

Score 2 = Indicates that more than 90% of the composite was
retained.

Score 1: The whole composite, as well as the impression of
the bracket base, remained on the tooth.

P.] The following classification was proposed by Wang (1997)
28]-

Score 1 = The glue between the bracket base and the adhesive
has failed.

Conhesive failure within the glue itself is a score of two.

Score 3 indicates that the glue has failed to adhere to the
enamel. Enamel detachment is a score of four (Figure 2).

Score |

Fig 2: Adhesive remnant index scores.

E. David et al. (2002) developed a novel quantitative
approach for determining how much residual adhesive
remains on the enamel surface after debonding %, The
following are the six score categories:

Score 1 equals 0% remaining.

Score 2 equals more than 0 percent but less than or equal to
25% remaining.

Score 3 equals greater than 25% but less than or equal to 50%
remaining.

Score 4 equals greater than 50% but less than or equal to 75%
remaining.

Score 5 equals more than 75% but less than 100% remaining.
Score 6 indicates that there is no adhesive left.

F. The 3D Modified Adhesive Remnant Index was developed
by AL-Shamsi et al. (2007) B9 After they were
removed, polyvinyl siloxane (Lightweight) was used to make
moulds of the teeth, which were then cast in a die stone. A 3
D laser scanner was used to scan the fabricated models, and a
modified ARI was applied to analyze the resulting pictures for
signs of bond failure.

Adhesive Remnant Index (ARI)

All samples were analyzed using a stereomicroscope with a
magnification of X10 to determine how much adhesive
remained on the tooth and bracket surfaces after debonding
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and to determine whether the bond had failed cohesively,
adhesively, or in a mixed cohesive-adhesive manner. These
assessments were made using scores developed according to
the criteria described by Artun and Bergland in 1984 to
minimize scoring errors, inter and intra examiner calibrations
were carried out these scores are:

Score 0: indicate no adhesive remaining on the surface of the
tooth.

Score 1: indicate that the quantity of the adhesive remaining
on the surface of the tooth is less than half

Score 2: indicate that the quantity of the adhesive remaining
on the surface of the tooth is more than half.

Score 3: indicate that All of the adhesive remained on the
surface of the tooth, with the bracket’s mesh leaving a
recognizable imprint on the remaining adhesive.

Normality test of ARI of SBS

The raw data of all groups were normally distributed, as seen
in table (1) which showed that the significant values were
greater than (0.05) According to Kolmogorov-Smirnov tests.

Table 1. Normality test of ARI of TBS

Group Kolmogorov-Smirnov
Statistic df Sig.

Control 0.329 4 0.406
ZrO2NPs (0.02%) 0.341 4 0.401
ZrO2NPs (0.04%) 0.283 4 0.272
ZrO2NPs (0.06%) 0.298 4 0.224
TiO2NPs (0.02%) 0.298 4 0.224
TiO2NPs (0.04%) 0.298 4 0.224
TiO2NPs (0.06%) 0.298 4 0.224
ZrO2 TiO2NPs (0.02%) 0.303 4 0.086
Zr0O2 TiO2NPs (0.04%) 0.298 4 0.224
ZrO2 TiO2NPs (0.06%) 0.283 4 0.272

ARI of SBS groups descriptive analysis

Table (2 and 3) demonstrate the descriptive data of the ARI
for SBS. The data contain each group’s sample numbers,
standard deviation, mean, range, standard error, and all the
study groups ARI minimum and maximum values. According
to the descriptive data, the highest ARI mean scores belonged
to the control group followed by ZrO;NPs (0.02%), ZrO,NPs
(0.04%), ZrO,TiO2NPs (0.06%), ZrO,NPs (0.06%), TiO2NPs
(0.02%), TiO,NPs (0.04%) then ZrO,TiO,NPs (0.04%)
groups. the lowest ARI mean scores belonged to the groups
TiO2NPs (0.06%) and ZrO,TiO,NPs (0.02%).

Table 2: ARI scores frequency distribution of the SBS across the
study groups.

ARI Scores

Groups

o
*

1*

w
*

[EEN

Control

ZrO2NPs (0.02%)

ZrO2NPs (0.04%)

ZrO;NPs (0.06%)

TiO2NPs (0.02%)

TiO2NPs (0.04%)

TiO2NPs (0.06%)

ZrO2TiO2NPs (0.02%)

N IWINININININ(F-

ZrO;TiO2NPs (0.04%)

r|olr|o|o|o|o|r|r|wY

NWOIN|WWIW|IN|F-
o|Oo|o|o|o|o|o|o|—|o

ZrO;TiOzNPs (0.06%) 2

0*: sample numbers with an ARI score of 0,
1*: sample numbers with an ARI score of 1,
2*: sample numbers with an ARI score of 2,
3*: sample numbers with an ARI score of 3,
TiO2NPs is titanium dioxide nanoparticles, and

ZrO2NPs is Zirconium Oxide nanoparticles.
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Table 3: The SBS study groups’ ARI Descriptive statistics.
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Table 6: The TBS study groups’ ARI Descriptive statistics.

Groups N| Min. | Max. | Mean | Std. Dev. Groups N Min. | Max. | Mean |Std. Dev.
Control 5 0 3 1.25 1.258 Control 5 0 3 1.25 | 1.258
ZrO2NPs (0.02%) 5| 1 2 1.25 0.5 ZrO2NPs (0.02%) 5 0 3 1.25 | 1.258
ZrO2NPs (0.04%) 5/ 0 2 1.25 0.957 ZrO2NPs (0.04%) 5 0 3 1.25 | 1.258
ZrO2NPs (0.06%) 5/ 0 3 1.25 1.5 ZrO2NPs (0.06%) 5 0 2 1.25 | 0.957
TiO2NPs (0.02%) 5/ 0 3 1.25 15 TiO2NPs (0.02%) 5 1 2 1.25 0.5
TiO2NPs (0.04%) 5/ 0 3 1.25 15 TiO2NPs (0.04%) 5 1 2 1.25 0.5
TiO2NPs (0.06%) 5/ 0 3 1.25 15 TiO2NPs (0.06%) 5 0 3 1.25 | 1.258
ZrO2 TiO2NPs (0.02%) 5/ 0 4 1.25 1.892 Zr0O2 TiO2NPs (0.02%) 5 0 3 1.25 | 1.258
ZrO2 TiO2NPs (0.04%) 5/ 0 3 1.25 1.5 ZrO2 TiO2NPs (0.04%) 5 0 3 1.25 1.5
ZrO2 TiO2NPs (0.06%) 5 0 2 1.25 0.957 Zr0O2 TiO2NPs (0.06%) 5 0 3 1.25 | 1.258

N is number, TiO2NPs is titanium dioxide nanoparticles,

ZrO2NPs is Zirconium Oxide nanoparticles.

Normality test of ARI of TBS

The raw data of all groups were normally distributed, as seen
in table (4) which showed that the significant values were
greater than (0.05) According to Kolmogorov-Smirnov tests.

Table 4: normality test of ARI of SBS

Tests of Normality Kolmogorov-Smirnov
Group Statistic Df p value
Control 0.329 4 0.406
ZrO2NPs (0.02%) 0.329 4 0.406
ZrO2NPs (0.04%) 0.329 4 0.406
ZrO2NPs (0.06%) 0.283 4 0.272
TiO2NPs (0.02%) 0.341 4 0.401
TiO2NPs (0.04%) 0.341 4 0.401
TiO2NPs (0.06%) 0.329 4 0.406
ZrO2 TiO2NPs (0.02%) 0.329 4 0.406
ZrO2 TiO2NPs (0.04%) 0.298 4 0.224
ZrO2 TiO2NPs (0.06%) 0.329 4 0.406

Table (5 and 6) demonstrate The Descriptive data of the ARI
for SBS. The data contain each group’s sample numbers,
standard deviation, mean, range, standard error, and all the
study groups ARI minimum and maximum values. These data
revealed that ZrO,TiO;NPs (0.04%) had the highest ARI
mean scores followed by C group, ZrO;NPs (0.04%),
ZrO;TiO2NPs (0.02%), ZrO,TiO:NPs (0.06%), TiO2NPs
(0.06%). While TiO,NPs (0.02%), ZrO,NPs (0.02%),
TiO2NPs (0.04%) groups had the lowermost mean scores of
ARIL.

Table 5: ARI scores frequency distribution of the TBS across the

study groups
ARI Scores

Groups o T 1x [ 2% | 3~
Control 0 1 1 3
ZrO2NPs (0.02%) 0 1 1 3
ZrO2NPs (0.04%) 0 1 1 3
ZrO2NPs (0.06%) 1 0 2 2
TiO2NPs (0.02%) 1 1 1 2
TiO2NPs (0.04%) 1 1 1 2
TiO2NPs (0.065%) 1 0 1 3
ZrO2TiO2NPs (0.02%) 0 1 1 3
ZrO2TiO2NPs (0.04%) 0 0 2 3
ZrO2TiO2NPs (0.06%) 0 1 1 3

0*: sample numbers with an ARI score of 0,
1*: sample numbers with an ARI score of 1,
2*: sample numbers with an ARI score of 2,
3*: sample numbers with an ARI score of

3, TiO2NPs is titanium dioxide nanoparticles,

land ZrO2NPs is Zirconium Oxide nanoparticles.

Additionally, the descriptive data revealed that the highest
ARI mean scores belonged to the ZrO,TiO;NPs (0.04%)
groups followed by ZrO,NPs (0.04%), ZrO,TiO.NPs
(0.02%), ZrO,TiO;NPs (0.06%), C group, TiO2NPs (0.06%),
ZrO;NPs (0.06%), then While TiO,NPs (0.02%), TiO.NPs
(0.04%), ZrO,NPs (0.02%), and groups possessed the
lowermost mean scores of ARI.

Discussion

The Adhesive Remnant Index (ARI) of SBS and TBS: The
SBS groups had varying ARI scores (0-1). In a shear test, less
than half of the adhesive persisted on the surface of the tooth
following the bracket debonding, as shown in Table (4.7).
Forty percent of the bond failure occurred cohesively inside
the adhesive itself, and Forty-four percent of bond failure
occurred at the enamel/adhesive interface. While the ARI
scores for the TBS groups was predominately scores (3), as
seen in Table (4.9). In which 54% of the samples were failed
at the adhesive/bracket interface, means that more than half of
the adhesive remained on the tooth surface after bracket
debonding in tensile test.

This agreed with Kechagia et al. (2015), who reported that the
adhesive/bracket interface was the most common site of
failure in tensile test specimens with high ARI scores B, This
is because the adhesive/bracket interface is more resistive to
shearing/compression force than tensile/tearing load, and the
stress or load distribution over the specimens was varied
between the two types of testing (“"different machine-sample
alignment with distinct debonding techniques").

Nevertheless, obtaining an ARI score of 0—1 in SBS indicates
successful polymerization in the area just below the bracket,
which would be indirectly cured (since the curing light can't
go through the bracket) by the light reflected from the enamel
surface; this is corroborated by Mirzakouchaki et al. (2016)
[32, Despite the inclusion of the nanofillers in orthodontic
adhesive, a mixed failure mode was seen in this investigation,
with cohesive failures occurring inside the composite resin.
This suggests that the degree of conversion of the monomer to
polymer was sufficient, leading to a more homogenous
polymerization and this is corroborated by Dimitriadi et al.
(2021) B3],

While Ahmadi et al. (2020), reported that high ARI scores are
linked to high SBS mean values, the present study
contradicted this association by finding that highly significant
SBS mean values were linked to low ARI scores (0-1) B4,

It may be preferable to have a low ARI in SBS (between 0
and 1) since it reduces the amount of adhesive residue left on
the tooth surface after the brackets are debonded and the
likelihood of iatrogenic harm to the teeth caused by the
orthodontist during cleaning °. An additional benefit of low
ARI scores is that rebonding on a previously bonded tooth
surface following bracket bond failure takes much less time
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since there is less adhesive residual on the tooth surface. This
agreed with Secilmis et al. (2013), who also discovered that
the majority of specimens had ARI scores of (1-0) 1, but it
was at odds with Yang et al. (2002), who discovered that
having a high ARI of (3) "failure at the adhesive/bracket
interface” was advantageous since it lowers the likelihood of
enamel fracture during debonding forces 71,

Conclusion

The best SBS value was obtained by combining ZrO2NPs and
TiO2NPs, particularly at a concentration of (0.06%). Whereas
the control group's SBS values were low.

The best TBS value was obtained by combining ZrO2NPs and
TiO2NPs, particularly at a concentration of (0.06%). Whereas
the control group's SBS values were low.

Since SBS is strongly influenced by the geometry of
the sample geometry and the topography of the surface, the
findings pertaining to SBS are inconsistent among any given
group’s samples. This renders it challenging to predict the
average failure loads within a given set of samples.

The resulting TBS readings are more foreseeable, and the
failure load in the subsequent sample within the same group
can be estimated with considerable certainty.

No changes in the 3M's Orthodontic Adhesive chemical
structure were seen after introducing low concentrations
of ZrO2NPs and TiO2NPs (0.02%, 0.04%, and 0.06%) to the
adhesive.

Overall, the physical characteristics of orthodontic adhesive in
relation to SBS and TBS were enhanced by the addition of
ZrO2NPs and TiO2NPs at the tested concentrations, and the
bond failure rate was decreased. This enhancement was less
significant when only one of those NPs were added to the
adhesive.

An essential aspect to consider is the particular concentrations
of additional NPs. To maximize their beneficial effect on
orthodontic adhesive's SBS and TBS, reducing the added
NPs concentration is favourable

References

1. Bakhadher W, Halawany H, Talic N, Abraham N, Jacob
V. Factors affecting the shear bond strength of
orthodontic brackets—a review of in vitro studies. Acta
medica. 2015 Aug 31;58(2):43-48.

2. Sodagar A, Bahador A, Jalali YF, Gorjizadeh F,
Baghaeian P. Effect of chitosan nanoparticles
incorporation on antibacterial properties and shear bond
strength of dental composite used in orthodontics. Iran J
Ortho; c2016.

3. Garoushi S, Sdilynoja E, Vallittu PK, Lassila L. Physical
properties and depth of cure of a new short fiber
reinforced composite. Dental Materials. 2013 Aug
1;29(8):835-841.

4. Ruddell DE, Maloney MM, Thompson JY. Effect of
novel filler particles on the mechanical and wear
properties of dental composites. Dental Materials. 2002
Jan 1;18(1):72-80.

5. Bayne S. Mechanical property analysis of two admixed
PRIMM-modified commercial dental composites. Acad
Dent Mater Trans. 1996;9:238.

6. Xia Y, Zhang F, Xie H, Gu N. Nanoparticle-reinforced
resin-based dental composites. Journal of dentistry. 2008
Jun 1;36(6):450-455.

7. Aly AA, Zeidan ES, Alshennawy AA, El-Masry AA,
Wasel WA. Friction and wear of polymer composites
filled by nano-particles: A review. World Journal of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

~ 344~

https://www.oraljournal.com

Nano Science and Engineering. 2012 Mar 28;2(01):32.
Tahmasbi S, Mohamadian F, Hosseini S, Eftekhar L. A
review on the applications of nanotechnology in
orthodontics. Nanomedicine Journal. 2019 Jan 1;6(1):11-
8.

J Tomar L, Chakrabarty BS. Synthesis, structural and
optical properties of TiO2-ZrO2 nanocomposite by
hydrothermal method. Advanced Materials Letters. 2013
Jan 1;4(1):64-67.

Al-Saleh S, Alateeq A, Alshaya AH, Al-Qahtani AS,
Tulbah HI, Binhasan M, et al. Influence of TiO2 and
ZrO2 nanoparticles on adhesive bond strength and
viscosity of dentin polymer: a physical and chemical
evaluation. Polymers. 2021 Nov 2;13(21):3794.
Chatterjee A. Effect of nanoTiO2 addition on poly
(methyl methacrylate): An exciting nanocomposite.
Journal of Applied Polymer Science. 2010 Jun
15;116(6):3396-3407.

@gaard B, Fjeld M. The enamel surface and bonding in
orthodontics. In Seminars in orthodontics. WB Saunders.
2010 Mar 1;16(1):37-48.

Sharma S, Tandon P, Nagar A, Singh GP, Singh A,
Chugh VK, et al. A comparison of shear bond strength of
orthodontic brackets bonded with four different
orthodontic adhesives. Journal of Orthodontic Science.
2014 Apr;3(2):29.

Khoroushi M, Kachuie M. Prevention and treatment of
white spot lesions in orthodontic patients. Contemporary
clinical dentistry. 2017 Jan;8(1):11.

Proffit WR, Turvey TA, Phillips C. The hierarchy of
stability and predictability in orthognathic surgery with
rigid fixation: an update and extension. Head & face
medicine. 2007 Dec;3(1):1-1.

Papakonstantinou AE, Eliades T, Cellesi F, Watts DC,
Silikas N. Evaluation of UDMA's potential as a substitute
for Bis-GMA in orthodontic adhesives. Dental Materials.
2013 Aug 1;29(8):898-905.

Dressano D, Salvador MV, Oliveira MT, Marchi GM,
Fronza BM, Hadis M, et al. Chemistry of novel and
contemporary resin-based dental adhesives. Journal of the
Mechanical Behavior of Biomedical Materials. 2020 Oct
1;110:103875.

Wishney M. Potential risks of orthodontic therapy: a
critical review and conceptual framework. Australian
Dental Journal. 2017 Mar;62:86-96.

Tuncer C, Tuncer BB, Ulusoy C. Effect of fluoride-
releasing light-cured resin on shear bond strength of
orthodontic brackets. American Journal of Orthodontics
and Dentofacial Orthopedics. 2009 Jan 1;135(1):14-el.
Graber ML, Franklin N, Gordon R. Diagnostic error in
internal medicine. Archives of internal medicine. 2005
Jul 11;165(13):1493-1499.

Cossellu G, Lanteri V, Butera A, Laffi N, Merlini A,
Farronato G, et al. Timing considerations on the shear
bond strength of orthodontic brackets after topical
fluoride varnish applications. Journal of Orthodontic
Science. 2017 Jan;6(1):11.

Dumbryte I, Narbutis D, Vailionis A, Juodkazis S,
Malinauskas M. Revelation of microcracks as tooth
structural element by X-ray tomography and machine
learning. Scientific reports. 2022 Dec 28;12(1):22489.
Alzainal AH, Majud AS, Al-Ani AM, Mageet AO.
Orthodontic bonding: A review of the literature.
International Journal of Dentistry; c2020. p. 2020.
Scribante A, Dermenaki Farahani MR, Marino G, Matera


https://www.oraljournal.com/

International Journal of Applied Dental Sciences

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

C, Rodriguez Y, Baena R, et al. Biomimetic effect of
nano-hydroxyapatite in demineralized enamel before
orthodontic bonding of brackets and attachments: Visual,
adhesion strength, and hardness in vitro tests. BioMed
Research International; c2020. p.2020.

Evermann JF, Heeney JL, Roelke ME, McKeirnan AJ,
O'Brien SJ. Biological and pathological consequences of
feline infectious peritonitis virus infection in the cheetah.
Archives of virology. 1988 Sep;102:155-171.

Bishara SE, Trulove TS. Comparisons of different
debonding techniques for ceramic brackets: An in vitro
study: Part Il. Findings and clinical implications.
American Journal of Orthodontics and Dentofacial
Orthopedics. 1990 Sep 1;98(3):263-273.

Artun J, Bergland S. Clinical trials with crystal growth
conditioning as an alternative to acid-etch enamel
pretreatment. American journal of orthodontics. 1984
Apr 1;85(4):333-340.

Wang DS, Miura M, Demura H, Sato K. Anabolic effects
of 1, 25-dihydroxyvitamin D3 on osteoblasts are
enhanced by vascular endothelial growth factor produced
by osteoblasts and by growth factors produced by
endothelial cells. Endocrinology. 1997 Jul 1;138(7):2953-
2962.

David VA, Staley RN, Bigelow HF, Jakobsen JR.
Remnant amount and cleanup for 3 adhesives after
debracketing. American journal of orthodontics and
dentofacial orthopedics. 2002 Mar 1;121(3):291-296.

Al Shamsi AH, Cunningham JL, Lamey PJ, Lynch E.
Three-dimensional measurement of residual adhesive and
enamel loss on teeth after debonding of orthodontic
brackets: An in-vitro study. American Journal of
Orthodontics and Dentofacial Orthopedics. 2007 Mar
1;131(3):301-30e9.

Kechagia A, Zinelis S, Pandis N, Athanasiou AE, Eliades
T. The effect of orthodontic adhesive and bracket-base
design in adhesive remnant index on enamel. Journal of
the World Federation of Orthodontists. 2015 Mar
1;4(1):18-22.

Mirzakouchaki B, Shirazi S, Sharghi R, Shirazi S,
Moghimi M, Shahrbaf S, et al. Shear bond strength and
debonding characteristics of metal and ceramic brackets
bonded with conventional acid-etch and self-etch primer
systems: An in-vivo study. Journal of clinical and
experimental dentistry. 2016 Feb;8(1):e38.

Dimitriadi M, Petropoulou A, Anagnostou M,
Zafiropoulou M, Zinelis S, Eliades G, et al. Effect of
curing mode on the conversion and [IT-derived
mechanical properties of core build-up resin composites.
Journal of the Mechanical Behavior of Biomedical
Materials. 2021 Nov 1;123:104757.

Ahmadi H, Haddadi-Asl V, Ghafari HA, Ghorbanzadeh
R, Mazlum Y, Bahador A, et al. Shear bond strength,
adhesive remnant index, and anti-biofilm effects of a
photoexcited modified orthodontic adhesive containing
curcumin  doped  poly lactic-co-glycolic  acid
nanoparticles; An ex-vivo biofilm model of S. mutans on
the enamel slab bonded brackets. Photodiagnosis and
Photodynamic Therapy. 2020 Jun 1;30:101674.

Mesaros A, Mesaros M, Buduru S. Orthodontic bracket
removal using LASER-technology—a short systematic
literature review of the past 30 years. Materials. 2022 Jan
12;15(2):548.

Secilmis A, Dilber E, Ozturk N, Yilmaz FG. The effect
of storage solutions on mineral content of enamel.

37.

https://www.oraljournal.com

2013;4(7):33843.

Yang SY, Han AR, Kim KM, Kwon JS. Acid-
neutralizing and demineralizing orthodontic adhesive
containing hydrated calcium silicate. Journal of
Dentistry. 2022 Aug 1;123:104204.

Conflict of Interest
Not available

Financial Support
Not available

~3457™

How to Cite This Article

Abbas AS, Jarjees HT. Comparison between adhesive remnant index of
shear bond strength and tensile bond strength: An in vitro experimental
study. International Journal of Applied Dental Sciences. 2023;9(3):340-
345.

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which
allows others to remix, tweak, and build upon the work non-
commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.


https://www.oraljournal.com/

