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A B S T R A C T

Aim: To evaluate the shear bond strength (SBS) and modes of lithium disilicate ceramics (LDC) photosensitized
by Er,Cr:YSGG (ECL) and fractional carbon dioxide (CO2) laser bonded to metallic bracket compared to tradi-
tional conditioning methods.
Material and method: Fifty LDC discs were polished and randomly allocated into 5 groups (n=10) each. Group 1
were photosensitized with ECL+ Silane (S). Group 2 were irradiated using CO2 laser+ S. In group 3 LDC discs
were treated with aluminium trioxide (Al2O3) air abrasion (AA). Moreover, samples in group 4 and 5 were
conditioned with Hydrofluoric acid (HFA)+ S (Control) and Self-Etch Glass Ceramic Primer (SEGCP). Following
conditioning regimen fifty maxillary central incisor brackets were pasted on LDC using adhesive material. SBS
testing was performed by mounting the specimens on a universal testing machine. After debonding, sheared
surface was examined under stereomicroscope to classify failure mode using adhesive remnant index (ARI).
Mean and standard deviation (SD) were compared by analysis of variance (ANOVA) and Tukey multiple com-
parison test at a significance level of p= 0.05.
Results: Among the conditioning groups the highest SBS values were presented by HFA+S (21.08 ± 1.06). The
lowest SBS values were displayed by AA Al2O3 (12.61 ± 0.45). SBS of samples conditioned with SEGCP showed
significant difference amongst all experimental groups (16.76 ± 0.81).
Conclusion: LDC photosensitized with CO2 and ECL has a potential to be recommended in clinical settings al-
ternate to HFA+ S when bonded to metallic bracket.

1. Introduction

Demand of improve facial aesthetics has increased adults seeking
orthodontic treatment. Multiple dental restorative materials such as
amalgam, composites and different ceramics are offered by dentists to
restore adult dentition [1,2]. However, LDC remains a leading choice
for direct and indirect restorations due to better aesthetic appeal, di-
versity, higher fracture and bending resistance [3]. However, poor
compatibility of bracket with LDC and high failure rate has been
troublesome and challenging for the orthodontist [4,5]. Therefore, pre-
treatment of ceramic surface is necessary through certain approaches to
attain sufficient strength [4].

Various surface treatment modification of LDC has been proposed to
improve bond strength. Chemical conditioning methods vary from hy-
droflouric acid (HFA), phosphoric acid (PA), self-etch glass ceramic
primer (SEGCP) to application of silane coupling agent. Whereas, me-
chanical roughing of LDC using diamond burs and sand blasting with

aluminium trioxide (Al2O3) are well documented [6,3]. At present,
etching of LDC with HFA and silane is considered as a gold standard.
HFA selectively dissolves glass matrix, improves surface energy and
wettability for silane coupling agent thus improving SBS values [5,7].
However, use of HFA may result in acid burn, tissue necrosis and
weakens the ceramic structure [8]. Moreover, it is advocated Al2O3
surface roughening imposes microcracks on LDC improving bond dur-
ability [6,1]. Recently, SEGCP has been introduced as single step LDC
conditioner which is less technique sensitive and minimizes the toxic
risk proposed by HFA [7]. Yet, a study by Lopes et al., and Hatem et al.,
proclaims SEGCP produces less pronounced etching pattern compared
to HFA when applied on LDC compromising durable bonding [9,10].

In addition to the existing conditioning methods, laser irradiation
using ECL on dentine, enamel surfaces and in various dental application
have demonstrated overwhelming outcomes [11,12]. ECL works on a
principal of micro abrasion at wavelength of 2790 nm and its use for
photosensitization in zirconia and porcelain repair have revealed
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positive and convincing outcomes [13,14]. Similarly, effect of CO2 laser
on treating scars, wrinkles and warts has been successful [15,16] but its
effect on LDC in improving SBS is still unexplored and unprecedented.

It is hypothesized that ECL and CO2 photosensitization on LDC will
exhibit comparable SBS to surface conditioned with HFA. Therefore, the
aim of the present in-vitro study was to evaluate the SBS and modes of
failure of LDC photosensitized by ECL and CO2 bonded to metallic
bracket compared to traditional conditioning methods.

2. Material and method

Fifty LDC (IPS e max Ivoclar, Liechtenstein) discs having 10mm
diameter 2mm thickness were polished using 800 grit abrasive carbide
paper (Wuxi, Yinli, Jiangsu, China) in an automated polishing machine
(Aropol 2 V, Arotec) at 250 rpm and glazed before conditioning pro-
cedure. The discs were bathed in 99.9% ethyl alcohol (Jiangsu, Juming,
China) to remove residual debris for 2min and air dried.

Based on the surface treatment methods LDC discs were randomly
allocated into 5 groups (n=10) each. Samples in group 1 were pho-
tosensitized with ECL+ Silane (S). Specimen in group 2 were irradiated
using CO2 laser+ S. In group 3 LDC discs were treated with Al2O3 air
abrasion (AA). Moreover, samples in group 4 and 5 were conditioned
with HFA+ S (Control) and SEGCP. Surface conditioning protocols for
each group were as follows:

Group 1 Each specimen was photosensitized using ECL (Biolase-
Waterlase I-Plus) under 60% water and 40% air in a non-contact cir-
cular motion using laser tip (MZ10) at 2mm from the disc surface at
4.5W and 30 Hz for a duration of 60 s. After laser surface treatment, S
coupling agent (Monobond Plus ceramic primer Ivoclar, vivadent) in a
thin layer was applied for 60 s and air dried.

Group 2 Each disc of LDC was photosensitized with a CO2 fractional
laser (Lumenis Ltd., UltraPulse, Israel) in a dynamic mode at 10W,
200 Hz from 3mm distance with an irradiation time of 60 s. The pulse
duration was 1.75ms. After surface treatment, S coupling agent was
applied as described previously.

Group 3 Samples were sandblasted with Al2O3 using an intraoral
grit blaster (Shibang Machinery Co. Shanghai, China) from 10mm
distance at a pressure of 2.8MPa for 20 s. The tip of the sand blaster was
kept perpendicular to the ceramic surface. The specimen was rinsed and
air dried.

Group 4 9.6% HFA gel (IPS ceramic etching gel Ivoclar, vivadent)
was applied on LDC disc for 60 s washed and air dried. S coupling agent
was applied as explained earlier.

Group 5 SEGCP (Monobond etch & prime, Ivoclar Vivadent,
Schaan, Liechtenstein) with the help of a micro brush was scrubbed on
the glass ceramic disc for 10 s and left untouched for 40 s. The specimen
was then washed with air-spray and air dried.

After performing conditioning regimen in all groups fifty maxillary
central incisor brackets (Gemini bracket, 3M, Unitek) with a surface
area of 12.08mm2 were pasted using composite (Transbond XT) with
bracket pliers. The adhesive paste was light cured for 40 s 400 mw/cm2

(Bluephase G2, Ivoclar, Vivadent) (20 s each distally and mesially) and
excess was removed. Bonding procedure was completed by single op-
erator to abate inter operator disparity. The specimens were kept in
0.9% NaCl solution for 24 h and then thermocycled (C1000
Touch,Thermal Cycler, Biorad) between 5C to 55C with a dwell time of
45 s. (Table 1).

2.1. Shear bond strength (SBS) testing

Shear Bond Strength (SBS) testing was performed by mounting the
specimens in a jig of a universal testing machine (Zwick 1120, Ulm,
Germany). A broad shearing edge of 1mm and cross head speed of
0.5 mm/min external force was exerted between LDC and metallic
bracket base. A software was used to record SBS in Megapascal (Mpa).

After debonding, sheared surface was examined under

stereomicroscope at 60x magnification to classify failure mode using
ARI. The shear fracture was classified into cohesive, adhesive and ad-
mixed based on the interpretation of ARI.

SBS displayed normal distribution using Kolmogorov-Smirnov test.
Using IBM SPSS Statistics (SPSS Inc., Chicago, IL, USA) mean and
standard deviation (SD) were compared by analysis of variance
(ANOVA) and Tukey multiple comparison test at a significance level of
p=0.05.

3. Results

Mean SBS values were demonstrated in Table 2. Among the con-
ditioning groups the highest SBS values were presented by HFA+S
(21.08 ± 1.06). The lowest SBS values were displayed by air abrasion
Al2O3 (12.61 ± 0.45). SBS of samples conditioned with SEGCP showed
significant difference amongst all experimental groups (16.76 ± 0.81).
For bond strength values, analysis of variance (ANOVA) showed sig-
nificant difference among study groups p < 0.05. Among, conditioning
groups SBS values of ECL+ S (20.11 ± 2.77), CO2 laser+ S
(19.98 ± 2.94) and HFA+ S (21.08 ± 1.06) were comparable
p < 0.05 (Fig. 1).

Failure mode amongst different experimental groups were projected
based on ARI. Admixed failure type was pertinent in lased and HFA
groups. Group conditioned with Al2O3 and SEGCP majorly exhibited
low number of scores between 0 and 1 (Table 3).

4. Discussion

The present study was based on the hypothesis that ECL and CO2
photosensitization on LDC surface will exhibit comparable SBS to sur-
face conditioned with HFA. Surprisingly, the hypothesis was accepted
as SBS values between three groups i.e., LDC conditioned with HFA and
photosensitized with ECL and CO2 were comparable. SBS values of
different experimental groups were evaluated using universal testing

Table 1
Name of Manufacturers and Materials used in the study.

Product Manufacturer

Lithium Disilicate Ceramics IPS e max Ivoclar, Liechtenstein
Silane coupling agent Monobond Plus ceramic primer Ivoclar,

vivadent
HF acid at 9.6% IPS ceramic etching gel Ivoclar, vivadent
Self- etch glass ceramic primer Monobond etch & prime, Ivoclar Vivadent,

Schaan, Liechtenstein
Maxillary central incisors

brackets
Gemini bracket,3M, Unitek

Composite Transbond XT

Table 2
Means and SD for bond strength values among study groups using ANOVA and
Tukey multiple comparisons test.

Experimental groups Mean ± SD (MPa) P value!

Group 1 <0.05
ECL+S 20.11 ± 2.77*
Group 2
CO2 laser+ S 19.98 ± 2.94*
Group 3
Air Abrasion (AA) Al2O3

12.61 ± 0.45¥

Group 4
Acid Etching (Hydrofluoric acid HFA+ S) (Control) 21.08 ± 1.06*
Group 5
Self-Etch Glass Ceramic Primer (SEGCP) 16.76 ± 0.81¢

∞Different superscript characters denote statistical significant difference.
!Showing significant difference among study group (ANOVA).
(Tukey multiple comparison test).
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machine. The technique is standardized, consistent and accounts for
providing results and relate data among multiple groups simultaneously
[17].

Two main ingredients of LDC are glass matrix composed of silica in
tetrahedral arrangement and lithium oxide which works as a flux,
maintaining the temperature when heated [5]. HFA on reaction with
glass matrix form hexafluoro-silicate, exposing the crystalline structure
making the surface rough for better micromechanical retention [18].
There are many in-vitro studies which are in favour of using HFA as
surface conditioner on LDC as it improves bond strength [19,20].
However, study by Yen et al., and Ozcan et al., disapproves the use of
HFA in clinical settings as HFA is corrosive and reduces flexural
strength of ceramic [21,8].

In the current study the authors used laser parameters settings of
(4.5W and 30 Hz) for ECL and (10W and 200 Hz) for CO2 for photo-
sensitization of LDC. At these settings, ECL exhibited comparable SBS
(20.11 ± 2.77) to HFA (21.08 ± 1.06). Lately, different laser proto-
types, Er,YAG and Nd:YAG have already demonstrated low fracture rate
and improved bond strength values when used on ceramic surface [22].
However, a recent study by Ebrahimi et al., negates the narrative that
ECL improves bond strength when irradiated on LDC [23]. Similarly, a
study by Alkhudhairy et al., supports the practise of ECL for photo-
sensitization of LDC [7]. An inconsistency in results of the two studies
can be attributed to the crystalline structure of LDC, frequency and
power parameter, design of bracket, bonding system, light curing

devices and laser duration and distance [1,7].
It is worthy of note that CO2 laser demonstrated comparable

(19.98 ± 2.94) SBS to HFA (21.08 ± 1.06). Since, the use of CO2 for
photosensitization of LDC is unprecedented therefore, to compare the
findings of present study with previous studies is not probable.
Although there are studies by Zarif et al., and Giuliano et al., who
claimed that CO2 improved bond strength of zirconia and feldsphatic
porcelain when bonded to metallic bracket without damaging the sur-
face [24,25]. In authors view, comparable bond strength of LDC pho-
tosensitized with CO2 is due to thermomechanical effect of CO2 pro-
viding a surface receptive for silanization hence improving mechanical
retention and bond strength. Moreover, lased LDC in the present study
displayed high standard deviation (SD) when compared to other
groups. A credible reason for this outcome is sweeping motion of laser
beam controlled manually displaying selective conditioning pattern
[26].

The lowest SBS values were displayed by LDC surface conditioned
by air abrasion AA (Al2O3) (12.61 ± 0.45). The results of the present
study were in contradiction with the studies by Turk et al., [3] Scha-
mage et al. [4], and Cevik et al. [6]. The high bond strength in former
studies can be attributed to better deglazing process. However, Cevik
et al. and Schamage et al. highlighted that high surface roughness was a
disadvantage for the ceramic despite increase SBS [6,4]. Moreover, low
bond strength in current study in AA group can be accredited to in-
effective irregularities formed by (Al2O3) or deposition of particles
hindering the interface between composite and LDC [27].

Interestingly, application SEGCP on LDC unveiled SBS values
(16.76 ± 0.81) better than AA (Al2O3) (12.61 ± 0.45) but, a sig-
nificant difference in bond strength was found among other experi-
mental groups. Manufacturer claims SEGCP conditions and silanes LDC
in a single step with less conditioning time and concentration compared
to HFA as a conditioner [10]. SEGCP contains ammonium bifluoride
(ABF), which is less toxic and less hazardous than HF with similar
etching patters to HFA [9]. These claims of the manufacturer were not
in support to the findings of the present study. Our conclusions were in
concurrent with a study by Swank et al. narrating that effect of SEGCP
is negligible on LDC demonstrating less roughness and shallower pat-
tern [28]. However, further studies are needed to warrant these con-
clusions.

A direct connection has been observed between ARI scores and SBS.
High ARI scores correspond high SBS values [29]. In the present study,

Fig. 1. Bond strength values among experimental groups.
Group 1 (ECL+S), Group 2 (CO2 laser+ S), Group 3 (Air Abrasion Al2O3), Group 4 (Acid Etching [Hydrofluoric acid HFA+ S] [Control]), Group 5 (Self-Etch
Glass Ceramic Primer [SEGCP]).

Table 3
Percentages of mode of failures among trial groups using adhesive remnant
index (ARI).

Experimental Groups 0 1 2 3 n

Group 1
ECL+ S 5% 40% 35% 20% 10
Group 2
CO2 Laser+ S 10% 35% 40% 15% 10
Group 3
Air Abrasion (AA) Al2O3

15% 60% 20% 5% 10
Group 4
Acid Etching (Hydrofluoric acid HFA+ S)

(Control)
15% 30% 35% 20% 10

Group 5
Self-Etch Glass Ceramic Primer (SEGCP) 25% 38% 7% 30% 10
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majority of scores between (2 and 3) scores were observed in lased and
HFA+ S group. This is desirable in orthodontics as the interface be-
tween bracket and adhesive is considered safe [30]. Moreover, AA
(Al2O3) and SEGCP exhibited low ARI scores consistent to low SBS
score, displaying bond failure between LDC and adhesive interface.

Within the limitations of the present study, more in vitro studies
focusing on surface profilometry, surface changes, quality of bond
testing and surface free energy measurements should be performed to
validate the conclusions of the present study. Moreover, future studies
should be directed on different laser parameters of ECL and CO2 and
their effect on LDC. The findings of the current study are only applic-
able to the type of laser parameters, bracket, adhesive material and
shear bond parameters.

5. Conclusion

LDC photosensitized with CO2 and ECL has a potential to be re-
commended in clinical settings alternate to HFA+ S when bonded to
metallic bracket.
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