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INTRODUCTION
Orthodontics as a branch is more concerned with facial growth, 
development of dentition and occlusion. Knowledge of these 
helps in better diagnosis and helps in prevention, interception and 
treatment of skeletal and dental malocclusions. The orthopedic 
appliances help us in treating the skeletal abnormalities, whereas 
fixed orthodontic appliances help us in achieving ideal occlusion 
and help us to maintain functional efficiency, structural balance 
and aesthetic harmony of orofacial region [1].

Fixed appliances are the most common and versatile appliances 
used in orthodontics for the dentoalveolar correction, with its main 
advantage being less demand for patient compliance. In fixed 
orthodontic treatment, brackets are bonded to the tooth surface 
to hold the wires for the tooth movement. These brackets are 
made of different materials such as metal, ceramic and plastic. 
Placement of stainless steel brackets for orthodontic tooth 
movement has been a huge concern for patients due to its lack 
of aesthetic appeal. This demand has led to manufacturing of 
aesthetic brackets in alternative to metal brackets [2]. 

The introduction of ceramic brackets revolutionized the concept of 
aesthetic appliances with its excellent aesthetic appearance and 

 

 

it has the strength to withstand the orthodontic forces. Aesthetic 
brackets vary according to their optical properties as translucent 
or non-translucent brackets. Two important clinical implications 
should be considered while choosing the tooth-coloured brackets: 
colour matching with the underlying tooth and light transmittance 
through the bracket which influences the degree of cure of 
adhesive through the bracket which was an added advantage in 
ceramic brackets [3].

Bond strength should be good enough to avoid de-bonding 
during treatment; but at the same time should present less force 
during debonding without causing any damage to the enamel. 
It is imperative that the enamel surface be restored as close to 
pretreatment condition as possible. Hence accurate evaluation of 
the adhesive remnant plays a crucial role in the final process of 
enamel cleaning after debonding. Adhesive Remnant Index (ARI), 
introduced by Artun and Bergland was used to determine the 
cohesive or adhesive nature of the orthodontic bond [4].

The aim of this study was to evaluate the translucency, intensity 
and shear bond strength of mono crystalline, polycrystalline 
and sapphire ceramic brackets by identifying the type of light 
transmittance and also to assess the ARI score (Adhesive Remnant 
Index). 
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ABSTRACT
Introduction: Most of the patients seek orthodontic treatment 
to improve the smile, which improves the facial profile by means 
of fixed appliances i.e., brackets and wires. The brackets are 
of different types like stainless steel and ceramic. Ceramic 
brackets were considered as aesthetic appliance which was 
divided into mono-crystalline, polycrystalline and sapphire 
brackets. The light transmittance might influence the degree of 
curing adhesive material in mono crystalline, polycrystalline and 
sapphire brackets.

Aim: The aim of the present study was to evaluate the translu-
cency and intensity of three different aesthetic brackets (mono 
crystalline, poly crystalline and sapphire ceramic brackets) 
and to determine their influence on shear bond strength of the 
brackets. The adhesive remnant index was also measured after 
debonding of the brackets from the tooth surface.

Materials and Methods: Twenty six samples each of mono-
crystalline, polycrystalline and sapphire brackets (total 78 ceramic 
brackets) were used for the study. The bracket samples were 
subjected to optical fluorescence test using spectrofluorometer 
to measure the intensity of the brackets. Seventy eight extracted 
premolar teeth were procured and divided into 3 groups. The 
brackets were then bonded to the tooth using Transbond XT (3M 
Unitek) light cure composite material and cured with new light cure 

unit (Light Emitting Diode) of wood pecker company (400-450nm) 
for 30 seconds, and these samples were subjected to shear bond 
strength test with Instron Universal Testing Machine (UNITEK-
94100) with a load range between 0 to 100 KN with a maximum 
cross head speed of 0.5mm/min. ARI (Adhesive Remnant Index) 
scores were evaluated according to Artun and Bergland scoring 
system using stereomicroscope at 20x magnification.

Results: The light absorption values obtained from spectro-
fluorometeric study were 3300000–3500000 cps for group 1 
(monocrystalline ceramic brackets), 6000000–6500000 cps 
for Group 2 (polycrystalline ceramic brackets) and 2700000 
–3000000 cps for Group 3 (sapphire ceramic brackets) i.e., 
Group 2 showed the highest light absorption and the least 
translucency followed by groups 1 and 3. Shear bond strength 
results were 2.4 mpa, 1.9 mpa and 3.6 mpa for groups 1,2 and 
3 respectively. Superior shear bond strength was recorded 
in group 3 (sapphire ceramic brackets). ARI results showed 
that group 3 had increased bond between bracket adhesive 
interfaces when compared to the other 2 groups.

Conclusion: From this study, it has been concluded that sapphire 
ceramic brackets (Group 3) was superior in translucency 
and shear bond strength followed by monocrystalline and 
polycrystalline ceramic brackets.
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MATERIALS AND METHODS
This was an in-vitro study in which the test for intensity of light 
transmittance for the ceramic brackets of 26 monocrystalline 
[Table/Fig-1], 26 polycrystalline [Table/Fig-2] and 26 sapphire 
[Table/Fig-3] brackets was done in the department of central 
instrumentation facility, Pondicherry University, Pondicherry. Both 
the maxillary and mandibular extracted premolars were collected 
(78 samples) from the Department of Oral Surgery, Indira Gandhi 
Institute Of Dental Science, Pondicherry, after obtaining the ethical 
clearance from SBV University. The samples were subjected to 
test the shear bond strength using INSTRON machine in the 
department of physics, Annamalai University, Chidambaram. After 
debonding, evaluation of ARI was done using stereomicroscope at 
the Department of Oral Pathology, Mahatma Gandhi Post Graduate 
Institution, Pondicherry. The duration of the study was 2 months.

[Table/Fig-1]: Monocrystalline ceramic bracket. [Table/Fig-2]: Polycrystalline 
ceramic bracket. [Table/Fig-3]: Sapphire ceramic bracket.

S. no. Brackets trade name Company Sample size

1. Monocrystalline 
ceramic brackets 

Clear J.J 26

2. Polycrystalline ceramic 
brackets

Illusion J.J 26

3. Sapphire Brackets Radiance plus A.O 26

[Table/Fig-4]: Sample size.

In this present study, the ceramic brackets [Table/Fig-4] were 
subjected to spectrofluorometer [Table/Fig-5] with a solid sample 
holder [Table/Fig-6]. The solid sample holder was designed for 
solids including thin films, powders and pellets. The holder consists 
of a base upon which a bracket, spring clip and sample block rest. 
After placing the bracket into the solid sample holder, this unit was 
locked into the main unit. This was followed by emission of light 
at longer wavelength of 440nm. The light source was xenon lamp 
of 450W with a range of 180-1550nm. The xenon lamps were 
mounted vertically to image the arc on the slide for more through 
puts.

[Table/Fig-5]: Spectro-fluorometer. [Table/Fig-6]: Solid sample holder.

All the 78 premolars procured were cleaned under tap water to 
remove blood and tissue remnants and cleaned with ultrasonic 
scaler to remove any tar-tar present on the buccal surface and 
polished using SMILE AND SHINE polishing kit and stored in 
distilled water under room temperature. The criteria for tooth 
selection included intact buccal enamel between the age of 15-30 
years (patients approaching for orthodontic treatment is commonly 
between this age group), of the same geographic location 
(Pondicherry). Premolars were excluded with pre-treatment 
chemical agents (e.g. hydrogen peroxide), cracks caused by the 
extraction forceps, caries and fluorosis.

A blind folded random sampling method was followed. All the 78 
samples were numbered one to seventy eight and divided into 

three groups: G1, G2, G3. The numbering of the samples was 
done starting from group 1 then group 2 and group 3 and the 
process was repeated.

To evaluate the shear bond strength of the total 78 samples (26 
monocrystalline, 26 polycrystalline and 26 sapphire brackets), 
the enamel was etched with 37% orthophosphoric acid for 45 
seconds and rinsed with water for 30 seconds. A thin layer of 
light cured adhesive (3M Unitek Transbond XT) was applied to the 
etched enamel surface and light cured for ten seconds using new 
light cure unit (Light Emitting Diode) of wood pecker company 
(400-450nm). Seventy eight 0.022 slot first and second premolar 
ceramic brackets were bonded with a standard force to secure 
the bracket on each tooth, using a method described by Maccoll 
[5]. This process ensured a constant thickness of the composite. 
The composite was light cured for 40 seconds (10 sec on each 
side of the bracket). All the samples were stored in distilled water 
at 370C. The teeth were then embedded into a self curing acrylic 
resin prefabricated mount of dimension (5cmx4cmx4cm). These 
samples were subjected to test the shear bond strength using 
INSTRON machine.

After debonding, evaluation of ARI score was done on all 78 
samples (26 monocrystalline, 26 polycrystalline and 26 sapphire 
brackets) using stereomicroscope in 20X magnification at the 
department of oral pathology, Mahatma Gandhi Post Graduate 
Institution, Pondicherry, India.

RESULTS
The study to evaluate the intensity of light transmittance was 
done using spectro fluorometer where the light is passed through 
the brackets at certain wavelength (440nm) and the intensity of 
light which was absorbed was recorded in the graph. The less 
the absorbtion, the bracket is more translucent. The more the 
absorbtion, the bracket is opaque [6]. The readings obtained in 
graphs where x-axis shows wavelength and y-axis shows the 
amount of light intensity absorbed which is given in CPS (counts 
per second) [Table/Fig-7-9].

The intensity of light absorption for monocrystalline was around 
3300000-3500000 cps (Group 1 – Monocrystalline)

The intensity of light absorption for polycrystalline was around 
6000000-6500000 cps (Group 2 – polycrystalline)

The intensity of light absorption for sapphire was around 2700000-
3000000 cps (Group 3 – sapphire)

The mean value of all the three groups (Group 1,2 and 3) was 
compared using one-way ANOVA [Table/Fig-10] and bond strength 
between the groups was compared with t-test statistical analysis 
[Table/Fig-11]. These statistics showed that, there was significant 
difference between the three groups of brackets and also between 
each two groups.

After debonding ceramic brackets, the buccal surface of the 
tooth and  the  base  of the brackets were analysed using 
stereomicroscope with 20x magnification and the scores were 
noted as suggested by Artun and Bergland. The results of the 
study shows that group 3 exhibited less percentage of adhesive 
remaining of the enamel surface compared to other 2 groups 
[Table/Fig-12].

DISCUSSION
As the proverb says “Beauty is in the eye of the beholder” means 
different people see beauty in different ways. The art and science 
of the orthodontics not only helps to improve function, but 
equal importance is given for aesthetics. As aesthetics plays an 
important role in self confidence and social acceptability. Level of 
aesthetic standards have increased day by day because of the 
patients social considerations and work culture and also because 
of increased in adult orthodontic patients, so the demand for 
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treatment. This demand led to the invention of aesthetic brackets 
such as ceramic, polyurethane and plastic brackets.

The importance of having knowledge on the light transmittance 
and the intensity is an added advantage to the orthodontist. As day 
to day procedure are done with light curing unit for attachment of 
brackets to the enamel surface. The significance of knowledge of 
light and its intensity is doubled for orthodontists with the ceramic 
brackets usage. As these brackets are translucent and it allows the 
light to pass through the brackets which in turn helps in increasing 
bond strength. But the extent of the light transmittance and its 
intensity is uncertainty [7]. So in this study we have subjected 
brackets through the light transmittance and intensity evaluation 
using spectrofluorometer.

When group 1(monocrystalline) was compared to group 2 
(polycrystalline ceramic brackets), the absorption rate of light 
was much less, indicated that monocrystalline ceramic brackets 
exhibit superior translucency when compared to the Group 2 
(polycrystalline). Due to this translucency and less absorption of 
light, more curing light passes through the bracket while bonding 
and this helps us in better bond strength [8,9].

The intensity of light transmittance for polycrystalline showed 
highest amount of light absorption which may be attributed to its 
structural complexity. This increased absorption of light prevents 
the curing light to pass through the ceramic brackets. This may 
result in decreased bond strength when compared with the other 
2 groups.

The test to evaluate the intensity of light for group 3 (Sapphire 
ceramic brackets) shown the least absorption when compared with 
the above 2 groups. So this group exhibits superior bond strength 
because of its translucency. The sapphire ceramic brackets 
are made up of a single crystal, so the increase in translucency 
can be attributed to it. Due to the less absorption of light and 
high transmission, this bracket can be the popular choice of the 
clinicians. Eliades in 1995 evaluated the reflected and transmitted 
colours and the diffuse light transmittance of tooth-coloured 
brackets, which resulted more amount of light transmittance in 
sapphire brackets [10].

After the intensity for light transmittance was evaluated for 
brackets, these brackets were bonded to the tooth surface with 
light cure composite (3M Unitek Transbond XT) as suggested by 
Depulido et al., with light cure unit of wood pecker company (400-
450nm), the test for bond strength was done on instron universal 
testing machine [11]. 

The mean value shows that group 3 brackets had increased shear 
bond strength than group 1 brackets and group 2 brackets. Group 
1 brackets have more bond strength than group 2 brackets. Thus 
group 3 brackets (sapphire ceramic brackets) exhibits superior 
bond strength and are the brackets recommended for the routine 
orthodontic treatment, which will have a less bond failure. This 
may lead in early completion of orthodontic treatment and less 
chair side timing. Chaconas, Angelo and Gary in 1990 did a Study 
to determine the shear bond and tensile bond strength of various 
ceramic brackets [12]. The result of this study showed shear bond 
strength of monocyrstalline and polycrystalline brackets were 
affected by bonding systems [13].

[Table/Fig-7]: The average mean absorption values for evaluating intensity of light 
transmittance for monocrystalline (Group 1) brackets.

[Table/Fig-8]: The average mean absorption values for evaluating intensity of light 
transmittance for polycrystalline (Group 2) brackets.

[Table/Fig-9]: The average mean absorption values for evaluating intensity of light 
transmittance for sapphire brackets.

Groups Mean n
Std. 

Deviation F-value p-value

Group 1 2.450 26 0.809

37.162 <0.001*Group 2 1.900 26 0.640

Group 3 3.667 26 0.809

[Table/Fig-10]: Comparison of mean values between the groups using one way ANOVA.
*denotes statistically significant 

Groups
Mean 
difference n t-value p-value

Group 1 vs Group 2 0.55 26 2.718 0.009*

Group 2 vs Group 3 -1.767 26 -5.431 <0.001*

Group 1 vs Group 3 -1.217 26 -8.737 <0.001*

[Table/Fig-11]: Comparison of bond strength between the groups using t-test. 
*denotes statistically significant 

Value Criteria Group 1 Group 2 Group 3

0 No adhesive left on the tooth 10 5 12

1
Less than half of the adhesive left 
on the tooth

8 7 10

2
More than half of the adhesive 
left on the tooth

5 9 3

3
All adhesive left on the tooth, 
with distinct impression of the 
bracket mesh

3 5 1

[Table/Fig-12]: Adhesive remnant index (ARI) score system

aesthetics is not only after treatment completion but there is an 
increased demand for aesthetic appearance during orthodontic 
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After debonding ceramic brackets, the buccal surface of the tooth 
and the base of the bracket was analyzed using stereomicroscope 
with 20x magnification. Quantitative analysis of residual adhesive 
on the tooth surface ARI was done using stereomicroscope 
with 20x magnification after shearing the bracket and assessed 
according to Artun and Bergland which is the following: 0 = +No 
adhesive left on the tooth. 1 = Less than half of the adhesive left 
on the tooth. 2 = More than half of the adhesive left on the tooth. 
3 = All adhesive left on the tooth, with distinct impression of the 
bracket mesh [14]. Other studies in the orthodontic literature have 
developed a 5- or 6-point scale. But since this is supposed to be 
the most reliable method for accessing ARI scores, in this study 
we have used this method.

According to the Artun and Bergland Adhesive Remnant index 
criteria [4] for group 1, 10 samples showed no adhesive remaining 
on the enamel surface out of 26 samples (Value 0), 8 samples 
showed less than half of the adhesive present on the tooth surface 
(Value 1). Only 3 samples out of 26 samples after evaluating had 
exhibited all adhesive left on the tooth and impression of the 
bracket were found on the adhesive. The overall impression for 
the group 1 shows increase in bonding between bracket adhesive 
interface rather than adhesive enamel interface. These results can 
be due to the structure of monocrystalline brackets which has 
increased translucency and allows the curing light to pass through 
the brackets.

After evaluating the ARI score for group 2, the values showed an 
even distribution between all the values. There is no significant 
variation in bonding between the bracket adhesive interface and 
adhesive enamel interface. This may be due to complex structure 
of the polycrystalline brackets which resists the passage of curing 
light through the bracket as it has high rate of light absorption.

Evaluation of group 3 shows 12 samples showed no adhesive 
left on the tooth surface which indicates increased bond between 
adhesive bracket interfaces. And 10 samples shower less than half 
of the adhesive left on the tooth surface and only 1 sample showed 
value 3, that is all the adhesive left on the bracket. This result 
suggest that sapphire brackets is also a monocrystalline bracket 
but with increased strength and translucency when compared with 
the monocrystalline ceramic brackets. This increase in translucency 
helps in passage of more amount of light which directly influence 
the curing of adhesive in bracket adhesive interface. This increase 
in translucency helps in achieving maximum bond strength in 
ceramic brackets. Leily Macedo Firoozmand in 2013 suggested 
that sapphire brackets have more strength with composite [15]. 

The clinicians can be advised to use sapphire ceramic brackets 
which have provided greater bond strength compared to other 
two ceramic brackets used in this study. This type of study can be 
further done to estimate the bond strength and ARI score in intra 
oral conditions.

CONCLUSION
Sapphire ceramic brackets exhibited high translucency with less 
light absorption. This property helps in increased passage of curing 
light through the bracket which showed high shear bond strength. 
ARI scores also suggested increased bond between bracket and 
adhesive interface in sapphire ceramic brackets. So I would like 
to conclude this study that sapphire brackets exhibited superior 
qualities such as translucency and bond strength.

REFERENCES
 Lee YK. Colour and translucency of tooth-coloured orthodontic brackets. [1] Eur J 

Orthod. 2008;30(2):205-10.
 Birnie D. Ceramic brackets. [2] Br J Orthod. 1990;17:71-75.
 Andreas Karamouzos, Saunders CR, Kusy RP. Characteristics of ceramic [3]

brackets. Am J Orthod & Dentofac Orthop.1997;106:76 – 87.
 Artun J, Bergland S. Clinical trials with crystal growth conditioning as an [4]

alternative to acid-etch enamel pretreatment. Am J Orthod. 1984;85:333–39.
 [5] Bishara SE, Laffoon JF, VonWald L, Warren JJ. Evaluation of non rinse 

conditioning solution and a compomer as an alternative method of bonding 
orthodontic bracket. Angle Orthod. 2001;71:461–65.

 [6] Lopes Filho H, Maia LE, Araújo MV, Ruellas AC. Influence of optical properties of 
aesthetic brackets(color, translucence, and fluorescence) on visual perception. 
Am J Orthod Dentofacial Orthop. 2012;141:460-67. 

 Owens SE, Miller BH. A comparison of shear bond strengths of three visible light-[7]
cured orthodontic adhesives. Angle Orthod. 2000;5:352-56.

 [8] Karamouzos A, Athanasiou AE, Papadopoulos MA. Clinical characteristics 
and properties of ceramic brackets: A comprehensive review. Am J Orthod 
Dentofacial Orthop.1997;112(1):34-40.

 Suliman SN, Trojan TM, Tantbirojn D, Versluis A. Enamel loss following ceramic [9]
bracket debonding: A quantitative analysis in vitro. The Angle Orthodontist. 
2015;85(4):651-56. 

 [10] Eliades T, Johnston WM, Eliades G. Direct light transmittance through ceramic 
brackets. Am J Orthod Dentofacial Orthop.1995;107(1):11-19.

 De pulido. A comparison of shear bond strengths of tooth-coloured orthodontic [11]
bracket. Am J Orthod. 1983;83. 

 Chaconas SJ, Caputo AA, Shi-Lin Nui G. Bond strength of ceramic brackets with [12]
various bonding systems. Angle Orthod.1990;61:35-42. 

 Noor MH, Garma. The effect of light intensity and curing time of light emitting [13]
diode on shear bond strength using different types of bracket’s materials. J Bagh 
Coll Dentistry. 2012;24(4):132-38.

 [14] Montasser MA, Drummond JL. Reliability of the Adhesive Remnant Index Score 
System with Different Magnifications. Angle Orthod. 2009;79(4):773-76.

 [15] Firoozmand LM, Brandão JV, Fialho MP. Influence of microhybrid resin and 
etching times on bleached enamel for the bonding of ceramic brackets. Braz 
Oral Res. 2013;27(2):142-48.

  
PartiCularS oF ContriButorS:
1. Post Graduate Student, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of Dental Sciences, Puducherry, India.
2. Reader, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of Dental Sciences, Puducherry, India.
3. Professor, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of dental Sciences, Puducherry, India.
4. Senior Lecturer, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of Dental Sciences, Puducherry, India.
5. Senior Lecturer, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of Dental Sciences, Puducherry, India.
6. Senior Lecturer, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of Dental Sciences, Puducherry, India. 
7. Senior Lecturer, Department of Orthodontics and Dentofacial Orthopedics, Indira Gandhi Institute of Dental Sciences, Puducherry, India. 
8. Professor, Department of Orthodontics and Dentofacial Orthopedics, Meenakshi Ammal Denal College, Chennai, India.

naMe, aDDreSS, e-Mail iD oF the CorreSPonDinG author:
Dr. Jauhar P Mohamed, 
Post Graduate Student, Department of Orthodontics and Dentofacial Orthopedics,
Indira Gandhi Institute of Dental Sciences, Puducherry, India.
E-mail: jauharpmohamed@gmail.com

FinanCial or other CoMPetinG intereStS: None.

Date of Submission: Dec 29, 2015
Date of Peer Review: Feb 23, 2016
 Date of Acceptance: May 04, 2016

Date of Publishing: aug 01, 2016


