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Abstract

Obijectives: The objective of this investigation was to assess shear bond strength (SBS) of orthodontic brackets
bonded to the buccal and lingual enamel using two orthodontic adhesives: resin-modified glass-ionomer and
resin composite.

Methods: Twenty buccal and twenty lingual human premolar enamel surfaces, allocated into four groups
10/each were used in this study. Metal brackets were bonded to each surface using resin-modified glass-
ionomer or resin composite orthodontic adhesive, and excess was removed with a brush. Specimens were stored
for 24 hours, subjected to thermocycling and shear bond strength was measured using a universal testing
machine at a crosshead speed of 1 mm/min. Remaining adhesives on enamel after bracket debonding was
scored independently by two investigators who were not aware of the groups using modified adhesive remnant
index (ARI).

Results: Kruskal Wallis test indicated significant difference of shear bond strength between the four groups
(P=0.007). Pair-wise comparisons using Mann-Whitney test showed that the only significant difference was
between resin composite of buccal and resin-modified glass-ionomer of lingual surfaces (P=0.003) as well as
between resin composite of lingual and resin-modified glass-ionomer of lingual surfaces (P=0.001). Most of the
specimens of all groups, achieved ARI scores 4 and 5 with a very low frequency of ARI scores 2 and 3.
Conclusions: This research shows that no significant differences in shear bond strength between buccal and
lingual surfaces. Resin-modified glass-ionomer and resin composite adhesives exhibited sufficient shear bond
strength for orthodontic use and no significant difference was found between the two adhesives.
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I.  Introduction

Many orthodontic adhesives have been developed with different properties." Some of their ideal
features are enough working time that is sufficient for the dentist but still convenient for the patient, fluoride
release, good bonding to tooth structure, easy removal without damaging enamel surface and with minimal
polishing needed.' Resin composites materials is the most commonly used adhesives because of their well-
established clinical and laboratory performance.>® On the other hand resin-modified glass-ionomer combines
some advantages of resin composite and some properties of glass-ionomer which makes its use preferable.’
Some of these advantages is the ability to form a chemical bond with the enamel and metal, less sensitivity to
moistuge and saliva contamination, fluoride release and the ability to serve as fluoride reservoir in the oral
cavity.

Only few investigations were initiated to evaluate the frequency of bond failure between the human
teeth buccal and lingual sides.*” The literature mainly focuses on buccal appliances, although lingual appliances
could be considered as an alternative to buccal treatment and can offer multiple advantages over buccal
treatment e.g. reduction of white spot lesions and providing the maximum esthetic need.®® A study reported
similar bond strength to the buccal or lingual surfaces when the brackets were adapted to either surfaces.®
Another study reported considerably greater bond strength to detach brackets from the buccal surface compared
to the lingual surface.™

High bond strength of the brackets is essential to stand orthodontic forces and to allow for control of
tooth movement; however it should be simply detached at the end of treatment without destruction to the enamel
surface.""*? Frequent accidental detachment of orthodontic bracket during the course of treatment; adversely
affect the patient as well as the orthodontist regarding the treatment outcome, duration, cost, and convenience.™
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Failure in bonding of the brackets is a hindering aspect in orthodontic treatment**** because it is inconvenient to
the patient and the orthodontist."***

Assessment and comparison of the frequency of bond failure in teeth treated with either lingual or
buccal appliances is very important because it may influence treatment duration and costs.’® As many bracket
materials and orthodontic adhesives exist, portraying their characteristics using in vitro studies and bonding
forces is crucial. Hence, the aims of this investigation were to assess SBS of orthodontic brackets bonded to the
buccal and lingual enamel with two orthodontic adhesives: resin composite (Transbond XT) and resin-modified
glass-ionomer (Fuji Ortho LC) as well as quantifying the remaining adhesives on enamel after bracket
debonding using ARI. The null hypothesis of this investigation was there is no significant difference in SBS and
ARI of orthodontic brackets bonded to the buccal and lingual enamel using the methods and materials used in
this study.

Il. Materials and Methods

Twenty premolar teeth that were extracted due to orthodontic treatment were stored in 0.1% thymol
solution and used in this investigation. All teeth have intact crowns, no attrition, and free from hypoplastic area,
cracks, gross irregularities, decay, and fractures. Buccal and lingual enamel surface of each tooth was scaled and
polished with rubber polishing cup and pumice using low-speed handpiece for 10 seconds, then stored in
deionized water at room temperature (25°C) for 48 hours. The apical part of each root was mounted in self-
curing acrylic resin (Vertex™ Orthoplast, Vertex-Dental B.V. Asia Pte Ltd, Singapore) to facilitate
perpendicular sectioning of each tooth into two sections (Buccal and lingual) and then each section was
decorenated 4 mm below the cementoenamel junction (CEJ) using a diamond saw under water spray (IsoMet-
2000 Precision Saw, Buehler, Lake Bluff, IL, USA). Then, each surface/section was placed in standardized
mold and embedded in self-curing acrylic resin where the buccal and lingual surfaces of each tooth were kept
parallel to the floor. Sections were allocated into four experimental groups 10/each, 20 buccal and 20 lingual
surfaces. Distribution of specimens along with tooth surface and adhesive material for all groups is presented in
Table 1.

Orthodontic premolar brackets with gingival offset (Ortho Classic - Roth.022, Ortho Classic Inc.,
McMinnville, OR, USA) were positioned with firm and even pressure and bonded to enamel surface following
the recommendations of the manufacturer using 2 kinds of orthodontic adhesives: resin composite (3M-Unitek
Transbond XT Light Cure Adhesive, Monrovia, CA, USA) for groups 1 and 2 and resin-modified glass-ionomer
(GC Fuji Ortho LC Capsule, GC Corporation, Tokyo, Japan) for groups 3 and 4. Each bracket was
attached/bonded to the middle surface of each tooth. Excess adhesive was removed with a regular size brush #2
(Dental Micro Applicator Brush, Shanghai Smedent Medical Instrument Co., Ltd., Shanghai, China) and one
brush was used for each specimen. One investigator performed all procedures and steps in a consistent manner.
Then, the specimens were stored in deionized water in laboratory oven (Memmert Universal Oven, Memmert
Edestahl, Rost Frei, Schwabach, West Germany) at 37°C for 24 hours before thermocycling. All specimens were
placed for thermocycling between 5°C and 55°C with a dwell time of 30 seconds and a transfer time of 5
seconds for 1500 cycles (Thermocycler THE-1100, SD Mechatronik GMBH, Feldkirchen-Westerham,
Germany). The specimens were then stored in distilled water at room temperature until testing the SBS using a
universal testing machine (Instron, Illinois Tool Works Inc., Norwood, MA, USA) at a crosshead speed of 1
mm/min. The maximum required load to debond each bracket was recorded and bond strength was expressed in
megapascal (MPa).

After debonding procedures, the assessment and scoring of residual adhesives on each specimen was
evaluated using a stereomicroscope (Nikon Corporation Instruments Company, Tokyo, Japan) at 10X
magnification using a modified ARI.”®> The ARI has a range between 1 and 5, with 1 indicating that all of the
adhesive remained on the tooth surface along with the impression of the bracket base; 2 indicating that more
than 90% of adhesive remained; 3 indicating that more than 10% but less than 90% of the adhesive remained; 4
indicating that less than 10% of adhesive remained on the enamel surface, 5 indicating that no adhesive
remained on the enamel, and 6 indicating part of the enamel fractured. Two investigators who were not aware of
the groups scored the ARI scores independently.

Descriptive statistics of SBS values were calculated for each group. Comparison of different groups
and identifying statistically significant differences were performed using Kruskal Wallis one-way analysis of
variance and if there was a significant difference between the groups, pair-wise comparisons using Mann-
Whitney test was carried out. Kruskal Wallis test and Mann Whitney test were also used to compare between
different groups regarding ARI. Inter-examiner reliability for ARI scoring was done using Kappa test
agreement. All statistical analyses were set at a significance level of p<0.05. The statistical analysis was carried
out with SPSS Version 16.0 (SPSS Inc. Released 2007. SPSS for Windows, Chicago, SPSS Inc., ).
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I11. Results

Shear Bond Strength

The mean (+SD) of the SBS of resin composite adhesive for groups 1 and 2 was 0.277 + 0.011 and
0.266 + 0.020 respectively. While for resin-modified glass-ionomer adhesive groups 3 and 4, the SBS was 0.698
+ 1.060 and 1.0304 + 1.167 respectively. Descriptive statistics of SBS values expressed in MPa for each group
are presented in Table 2. Kruskal Wallis test showed significant difference of SBS between the four groups
(P=0.007). Pair-wise comparisons using Mann-Whitney test showed that the only significant difference was
between groups 1 and 4 (P=0.003) and between groups 2 and 4 (P=0.001). Combining SBS of buccal and
lingual surfaces indicated no significant difference between the SBS of buccal and lingual surfaces (P= 0.213).
In addition, no significant difference was found between the two adhesives: Transbond XT and Fuji Ortho LC
(P=0.083).

Adhesive Remnant Index (ARI)

The inter-examiner reliability for ARI evaluation was about 80% agreement, which is considered an
acceptable agreement (P=0.001), and correlation between examiners was 0.9 (P=0.001). In the assessment of
ARI, the frequency of each index in each group was evaluated and the scores were reported according to the
higher score between the raters. Most of the specimens of all groups (Table 3), have scores 4 and 5 (Less than
10% or no adhesive remained on the enamel surfaces) with a very low frequency of ARI scores 2 and 3 (More
than 90% or more than 10% but less than 90%). The mean (+SD) of the ARI of resin composite adhesive for
groups 1 and 2 was 3.950 + 0.643 and 4.200 + 1.111 respectively. While for resin-modified glass-ionomer
adhesive groups 3 and 4, the mean ARI was 4.5 + 0.710 and 4.250 + 0.920 respectively (Table 4). Kruskal-
wallis test and Pair-wise comparisons using Mann-Whitney test showed no significant difference between the
groups regarding ARI scores. No score 1 (All adhesive remained on the tooth surface along with the impression
of the bracket base) was found in any group.

IV. Discussion

The null hypothesis of this study was partially accepted, as there was in general no difference in SBS
and ARI of metal brackets bonded to the buccal and lingual enamel using the methods and materials used in this
investigation. There are many factors that can cause the orthodontic bracket bond to fail; it could be the nature
of the oral cavity which has a changing PH, continuous masticatory forces, and extreme temperatures.'*31°
Also accidental debonding could occur because of a problem in the bonding technique, low retentiveness of the
bracket base or in small sized brackets used in esthetic cases.**® All these factors make it difficult to pinpoint
the cause of debonding which could be multifactorial too.***® The present study found no significant difference
between the SBS of buccal and lingual surfaces. Another study reported similar bond strength to the buccal or
lingual surfaces when buccal brackets were adapted to both surfaces.® In contrast, considerably greater bond
strength to detach brackets from the buccal surface was reported compared to the lingual surface.’® The
difference in results could be related to the fact that the enamel of buccal surface is rougher than enamel of
lingual surface due to presence of marked perikymata in form of horizontal ridges in the buccal surface but not
in the lingual surface.'” In addition, The lingual surface is smoother which could be associated with the self-
cleansing activity from the tongue and salivary glands.’” It is also possible that variation of the structure in
enamel surface might influence acid etching and bonding techniques.!” Consequently, the smoother enamel of
the lingual surface may have smaller micro-holes after acid etching in contrast with the buccal surface, resulting
in a less mechanical interlocking development between enamel and the resin which result in a slighter retentive
force with lesser debonding strength and greater tooth damage compared with the buccal side.'® It was reported
that SBS of brackets to enamel need to withstand loads from 5.9 to 7.8 MPa to be effective clinically for
orthodontic use.’® Investigations have reported bond strengths ranging from 2.8 MPa to 10 MPa as being
acceptable for clinical circumstances.®**® Bond strength of different orthodontic brackets to enamel has shown
wide variation in the reported SBS.”® Reported values of SBS in different studies are difficult to compare due to
use of different parameters such as preparation and nature of the substrate, the design of the test and the
adhesives used.® A study reported that the SBS of Transbond XT resin composite adhesive to be 24.6 MPa.?
While SBS of Fuji Ortho LC resin-modified glass-ionomer cement adhesive ranged between 2.76 - 3.6.%
Another study showed that up to 17 MPa is suggested value of bond strength (22). Moreover, several studies
reported that increase number of enamel fracture associated with bond strength exceeding 13.5 MPa.”*%

In the present study stainless steel brackets were used since they are commonly used in orthodontic
clinics.**? Bonding brackets with resin composite adhesives may lead to enamel loss during the debonding and
removal of residual resin.** This could be of clinical importance as the highest concentration of fluoride is
present at the surface of enamel.’ In the present study there was no significant difference in the SBS between
the two adhesives used, despite the differences in their compositions and properties which in theory will affect
the SBS. Our results coincide with studies conducted by other investigators.?>*°
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Esthetic demand in orthodontic treatment has become a popular treatment preference, which led to
increase use of lingual orthodontics as an option of treatment.® and not many studies have been done to
investigate the difference of SBS between the lingual and buccal surfaces.*” In our study, there was no
statistically significant difference between SBS of buccal and lingual surfaces. Nevertheless, significant
difference was found between group 1, which is a buccal surface with resin composite adhesive and group 4,
which is lingual surface with resin modified glass ionomer. It could be assumed that the morphological
dissimilarities between the lingual and buccal surfaces have affected the bond strength of brackets. However,
other studies reported no significant differences in bond strength between the two surfaces, therefore supporting
the use of both surfaces of premolars for bracket bonding experiments.>®

The location of failure within the bracket-cement-enamel can occur within the bracket, within the
cement, between the cement and the bracket, and between the cement and the tooth surface.”**® In the present
study, ARI assessment revealed no statistically significant differences among the groups. Most of the specimens
of all groups had a score of 4 or 5 (less than 10% or no adhesive remained on the enamel surfaces) respectively
and only few specimens had ARI scores of 2 and 3 (more than 90% or more than 10% but less than 90%)
respectively. The higher remaining adhesive on enamel surface is found more when using Transbond XT, which
is probably due to using the primer and 37% phosphoric acid etching. It has been shown that acid etching of
enamel result in deep resin tags which may reach to a depth of 5-25u (27) and the use of a primer which act as
wetting agent to carry resin monomers into the collagen network, that has been exposed by acid etching, at the
same time that it displaces moisture from the dentin surface by solvents; creating a resin-reinforced layer known
as hybrid layer.”® Whereas the use Fuji Ortho LC results in formation of chemical bond only when enamel
conditioner was used as recommended by the manufacturer.

The results of this investigation should consider the limitations of the study, including its in vitro
setting. As the nature of forces of orthodontic brackets are subjected to complex of shear, tensile and torsion.?*,
which is not, produced in vitro. In vitro studies are unable to simulate the oral environment and other factors that
could have an influence on the SBS such as tooth brushing technique, bad oral habits, age and sex of the patient,
kind of food and drinks consumed, and type of saliva. However, in vitro studies provide us with valuable
information about the amount of controlled force lead to a bond failure and which protocol could possibly gives
the clinically desired bond strength, and to guide clinicians about the condition of enamel after debonding.
Therefore, results of in vitro to the clinical situation must be considered with caution. In addition, the Instron
universal testing mechanic gives a constant load, which is not the case in oral cavity.* Furthermore, we used
only two orthodontic adhesives, it would be beneficial to compare more orthodontic adhesives. Also, despite the
fact that we thermocycled the specimens, it is difficult to mimic the clinical condition including saliva in the
mouth to the laboratory setting, and also it would be beneficial if long-term storage is tested in future study and
not only aging of the specimens by thermocycling. In general, this in vitro study allows standardization of
experimental conditions, which was an advantage and the results, demonstrated a clear correlation between SBS
of the two adhesives bonding metal brackets to the buccal and lingual surfaces. Moreover, in vitro studies
provide us with valued data about the quantity of controlled measured force required for debonding and to guide
clinicians about the condition of enamel after debonding.

V. Conclusions

Within the limitations of this in vitro investigation, the following can be concluded:

1) There are no significant differences in shear bond strength between buccal and lingual surfaces, which may
support the use of both surfaces of premolars for bracket bonding.

2) Resin-modified glass-ionomer and resin composite orthodontic adhesives exhibited sufficient shear bond
strength for orthodontic use and no significant difference was found between the two adhesives.

3) A higher remaining adhesive on enamel surface is found when using resin composite adhesive compare to
resin-modified glass-ionomer.

Acknowledgments
The authors would like to thank the College of Dentistry Research Center and Deanship of Scientific Research
at King Saud University, Saudi Arabia for funding this research project. In addition, the authors wish to express
sincere thanks to Mr. Nassr Al Maflehi for his valuable help in the statistical analysis.

References
[1]. Powers JM, Kim HB, Turner DS. Orthodontic adhesives and bond strength testing. Semin Orthod. 1997;3:147-56.
[2]. Romano F, Correr A, Sobrinho L. Shear bond strength of metallic brackets bonded with a new orthodontic composite. Braz J Oral
Sci. 2009;8:76-80.
[3]. Coonar AK, Jones SP, Pearson GJ. An ex vivo investigation into the fluoride release and absorption profiles of three orthodontic
adhesives. Eur J Orthod. 2001;23:417-24.
[4]. Kelly VM. JCO/interviews Dr. Vincent M. Kelly on lingual orthodontics. J Clin Orthod. 1982;16:461-76.

DOI: 10.9790/0853-1701062429 www.iosrjournals.org 27 | Page


http://www.ncbi.nlm.nih.gov/pubmed?term=Powers%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=9573876
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=9573876
http://www.ncbi.nlm.nih.gov/pubmed?term=Turner%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=9573876
http://www.ncbi.nlm.nih.gov/pubmed/9573876
http://www.ncbi.nlm.nih.gov/pubmed?term=Coonar%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=11544792
http://www.ncbi.nlm.nih.gov/pubmed?term=Jones%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=11544792
http://www.ncbi.nlm.nih.gov/pubmed?term=Pearson%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=11544792
http://www.ncbi.nlm.nih.gov/pubmed/11544792

Shear bond strength of orthodontic bracket bonded to buccal versus lingual surfaces

[5].
[6].
7.
8].
[0l

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].

[18].
[19].

[20].
[21].

[22].
[23].
[24].
[25].
[26].
[27].
[28].

[29].
[30].

Chumak L, Galil KA, Way DC, Johnson LN, Hunter WS. An in vitro investigation of lingual bonding. Am J Orthod Dentofacial
Orthop. 1989;95:20-8.

Wang WN, Tarng TH, Chen YY. Comparison of bond strength between lingual and buccal surfaces on young premolars. Am J
Orthod Dentofacial Orthop. 1993;104:251-3.

Wiltshire WA. Shear bond strengths of a glass ionomer for direct bonding in orthodontics. Am J Orthod Dentofacial Orthop.
1994;106:127-30.

Hohoff A, Wiechmann D, Fillion D, Stamm T, Lippold C, Ehmer U. Evaluation of the parameters underlying the decision by adult
patients to opt for lingual therapy: an international comparison. J Orofac Orthop. 2003;64:135-44.

van der Veen MH, Attin R, Schwestka-Polly R, Wiechmann D. Caries outcomes after orthodontic treatment with fixed appliances:
do lingual brackets make a difference? Eur J Oral Sci. 2010;118:298-303.

Brosh T, Strouthou S, Sarne O. Effects of buccal versus lingual surfaces, enamel conditioning procedures and storage duration on
brackets debonding characteristics. J Dent. 2005;33:99-105.

Wang WN, Li CH, Chou TH, Wang DD, Lin LH, Lin CT. Bond strength of various bracket base designs. Am J Orthod Dentofacial
Orthop. 2004;125:65-70.

Retief DH, Sadowsky PL. Clinical experience with the acid-etch technique in orthodontics. Am J Orthod Dentofac Orthop.
1975;68:645-54.

Sorel O, El Alam R, Chagneau F, Cathelineau G. Comparison of bond strength between simple foil mesh and laser-structured base
retention brackets. Am J Orthod Dentofacial Orthop. 2002;122:260-6.

Pithon M, de Oliveira M, Ruellas A, Bolognese A, Romano F. Shear bond strength of orthodontic brackets to enamel under
different surface treatment conditions. J Appl Oral Sci. 2007;15:127-30.

Oliver RG. The effect of different methods of bracket removal on the amount of residual adhesive. Am J Orthod Dentofacial
Orthop. 1988;93:196-200.

Guzman U, Jerrold L, Vig P, Abdelkarim A. Comparison of shear bond strength and adhesive remnant index between precoated
and conventionally bonded orthodontic brackets. Prog Orthod. 2013;14:39-43.

Whittaker DK. Structural variations in the surface zone of human tooth enamel observed by scanning electron microscopy. Arch
Oral Biol. 1982;27:383-92.

Lopez JI. Retentive shear strengths of various bonding attachment bases. Am J Orthod Dentofac Orthop. 1980;77:669-78.

Di Nicol6 R, Araujo MAM, Alves LAC, Souza ROA, Rocha DM. Shear bond strength of orthodontic brackets bonded using
halogen light and light-emitting diode at different debond times. Braz Oral Res. 2010;24:64-9.

Beech DR, Jalalay T. Clinical and laboratory evaluation of some orthodontic direct bonding systems. J Dent Res. 1981;60:972-8.
Maruo IT, Godoy-Bezerra J, Saga AY, Tanaka OM, Maruo H, Camargo ES. Effect of etching and light-curing time on the shear
bond strength of a resin-modified glass ionomer cement. Braz Dent J. 2010;21:533-7.

Hobson RS, Ledvinka J, Meechan JG. The effect of moisture and blood contamination on bond strength of a new orthodontic
bonding material. Am J Orthod Dentofacial Orthop. 2001;120:54-7.

Al Shamsi Al, Cunningham JL, Lamey PJ, Lynch E. Shear bond strength and residual adhesive after orthodontic bracket
debonding. Angle Orthod. 2006;76:694-9.

Rix D, Foley TF, Mamandras A. Comparison of bond strength of three adhesives: composite resin, hybrid GIC, and glass-filled
GIC. Am J Orthod Dentofacial Orthop. 2001;119:36-42.

Pithon MM, Dos Santos RL, de Oliveira MV, Ruellas AC, Romano FL. Metallic brackets bonded with resin-reinforced glass
ionomer cements under different enamel conditions. Angle Orthod. 2006;76:700-4.

Lippitz SJ, Staley RN, Jakobsen JR. In vitro study of 24-hour and 30-day shear bond strengths of three resin-glass ionomer cements
used to bond orthodontic brackets. Am J Orthod Dentofacial Orthop. 1998;113:620-4.

Sargison AE, Mccabe JF, Millett DT. A laboratory investigation to compare enamel preparation by sandblasting or acid etching
prior to bracket bonding. British J Orthod. 1999;26:141-6.

Nakabayashi N. Watanabe A. Gendusa N J. Dentin adhesion of modified 4-META/MMA-TBB resin: function of HEMA. Dent Mat
J. 1992;8:259-64.

Zachrisson B, Vanarsdal RL. Bonding in Orthodontics Graber. Current principles and Techniques. Elsevier 5th Edition, 2011.
Greenlaw R, Way DG, Khadry AG. An in vitro evaluation of a light-cured resin bonding systems. Am J Orthod Dentofacial Orthop.
1989;96:214-20.

Table 1: Distribution of adhesive materials and tooth surfaces between different groups

Groups Surfaces Adhesive Material
Gl Buccal Transbond XT - Resin Composite
G2 Lingual Transbond XT - Resin Composite
G3 Buccal Fuji Ortho LC - Resin-Modified Glass-lonomer
G4 Lingual Fuji Ortho LC - Resin-Modified Glass-lonomer

Table 2. Descriptive statistics of SBS values expressed in MPa for each group

. Group 1 Group 2 Group 3 Group 4
SBS in MPa Buccpal LingSaI Buccpal Lingl’J)aI
Mean 0.277 0.266 0.698 1.030
Std. Deviation 0.011 0.020 1.060 1.167
Std. Error of Mean 0.003 0.006 0.335 0.369
Median 0.281 0.269 0.078 0.519
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Table 3. Scores of the adhesive remnant index (ARI) found in different groups

Groups ARI Scores - Classification

P 1 2 3 4 5

Group 1 Buccal 0 0 2 5 3

Group 2 0 1 2 0 7
Lingual

Group 3 0 0 1 3 5
Buccal

Group 4 0 1 0 4 5
Lingual

Total 0 2 5 12 21

Table 4. Descriptive statistics of adhesive remnant index (ARI) for all groups

Groups Mean Std. Deviation Std. Error
Group 1 3.950 0.643 0.203
Buccal

Group 2 4.200 1.111 0.352
Lingual

Group 3

Buccal 4.500 0.708 0.224
Group 4

Lingual 4.250 0.921 0.291
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