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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EFFECTS OF ACID ETCHING ON COLOR CHANGES AND SURFACE MORPHOLOGY OF 
ENAMEL TO BE BLEACHED WITH DIFFERENT TECHNIQUES

Amenah M. Younis*, Abduladheem R. Sulaiman.
College of Dentistry, University of Mosul, Mosul, Iraq.

Abstract.
Background and aims: To compare the color changes, the 

surface roughness and morphology of the enamel bleached with 
two different bleaching solutions (chemical and laser activated), 
preceded or not with acid etching.

Materials methods: Thirty teeth of bovine prepared and 
haphazardly assigned to 2 groups (n=15) depending on 
bleaching technique. Each group subdivided to 3 subgroup (n=5) 
consistent with acid etching by 37% phosphoric acid. Atomic 
force microscopy and VITA easy shade spectrophotometer were 
performed twice for all the specimens before and after bleaching. 
ANOVA, the Paired sample t-test, and the independent sample 
t-test used for statistical analysis.

Results: As for the color changes, the groups that were 
bleached by the chemical method, the difference among 
the three subgroups was statistically significant. This also 
applies to the groups bleached with the laser method. When 
comparing the results of the chemical bleaching subgroups 
with the laser bleaching ones, the difference was not significant. 
Roughness results showed significant differences between 
certain subgroups and non-significant differences among 
others. However, the difference was statistically significant 
between the chemical and laser groups, laser technique 
resulted in less surface roughness than the chemical one. 
Conclusion: Acid etching before bleaching produced better 
colour change in both the chemical and laser assisted bleaching. 
In chemical bleaching, surface roughness was higher when 
acid etching was used. This was also true for laser bleaching 
technique. In general, laser assisted bleaching produced less 
surface roughness than chemical bleaching.

Key words. Bleaching, acid etch, surface roughness.
Introduction.

After the development of chair-side teeth whitening treatments 
besides the institution of commonly used home bleaching 
modules, patient desire for an esthetic white flawless smile may 
now be met in a popular way. The elimination of superficial 
surface pigments by means of the scaling and the polishing, 
micro- and macro-abrasion, the veneering, the insertion of 
the full-coverage porcelain restorations and dental whitening 
(bleaching) are just a few of the treatment options available 
for discolored teeth [1]. The Bleaching procedure has gained 
popularity with patient and dentist as conservative techniques to 
lighten the natural teeth in order to enhance harmony of smile 
using dental products that include hydrogen peroxide (H2O2) in 
some form. Peroxide, sodium perborate, chlorine, and chloride 
are the most well-known bleaching agents that are commercially 
accessible [2].

Bleaching with peroxide takes the shortest time and is most 
frequently utilized. Through the organic dentin and enamel 
matrix, H2O2 diffuses and enhances the tooth structure's 
permeability, enhancing ion flow through the tooth. The H2O2 

is a potent oxidizing agent with the capacity to produce potent, 
extremely reactive free radicals. These radicals will interact with 
the majority of other organic molecules to acquire stability and 
produce further radicals. A good whitening action is produced 
by the formation of the simple molecule which absorbing less 
and reflecting more light [2]. Both vital tooth bleaching and 
non-vital tooth whitening are techniques that can be used. There 
are three leading methods to whiten the vital teeth: in-office 
or the power bleach, at-home or the night guard bleach under 
a dentist's surveillance, and the bleaching with over counter 
(OTC) remedies [3].

A variety of non-vital bleaching methods are employed, 
including the inside/ the outside bleach, non-vital power 
bleaching, the walking bleaching, and modified walking bleach 
[4]. Laser lighting can be used to activate bleaching materials. 
However, for this technique to work, the bleaching gel must 
incorporate particular chromophores for each distinct wavelength 
of the laser [5]. When compared to other professional bleaching 
methods, using the laser light as the bleaching agent’s activator 
has an array of benefits: It reduces session time and the danger of 
over-bleaching treatment and after-bleaching hypersensitivity 
by raising the perhydroxyl concentration created by hydrogen 
peroxide breakdown [6-8]. It minimizes the danger of pulp 
damage by preventing the intra-pulpal temperature increase 
to more than 5.5°C [9]. It helps even the deepest dyschromia, 
such as tetracycline staining, to be reached by allowing deeper 
penetration of nascent oxygen to the enamel and dentin [10].

Before the bleaching treatment, the acid etching technique 
might be utilized. This method works by inflicting two different 
types of modifications on the enamel surface. The acid initially 
removes the topmost layer. Second, when previous acid etching 
is carried out, the enamel layer beneath it, which has a more 
porous surface, is exposed, resulting in a larger propensity for 
peroxide penetration. On the other side, it is yet unclear how 
effective the procedure is and how much tooth structure is 
harmed. According to Soares et al. (2015), there was increased 
wear [11]. Costa et al., 2015, found that when acid conditioning 
was done prior to bleaching procedure, color analysis showed 
no difference in the results [12].

However, in clinical situations where conventional whitening 
techniques have not yielded satisfactory results after several 
tries, especially in patients with a high degree of pigmentation, 
acid etching prior to bleaching may be indicated in order to 
increase the gel's penetration into the enamel [11].
Materials and Methods.

Specimens' collection and preparation: Thirty teeth from 
bovine aged between two and three years old were obtained a 
local slaughterhouse in Mosul city. To minimize the requirement 
for refrigeration and prevent tooth dehydration at the same time, 
they were removed by the researcher herself with forceps on 
the same day that cattle were slaughtered. After the teeth were 



104

collected, it was important to first gently and carefully remove 
any remaining soft tissues from the teeth using a dental scaler 
[13].

To warrant that the samples were free from cavities, surface 
crack or fractures, or whatsoever other enamel faults, they were 
inspected visually and via a stereomicroscope. The teeth were 
cleaned by submerging them in a 0.1% thymol solution at room 
temperature (20–25°C) within a securely closed container inside 
an incubator [14].

Before cutting the roots, the teeth’s surfaces were refined 
with pumice (non-fluoridated) by (Pd / Switzerland), a one-
use rubber cup, and a slow speed handpiece. To avoid heat 
generation. Root of prepared the incisors cutaway by way of 
the diamond discs and the slow speed hand pieces at cemento-
enamel junction. Root was then discarded and the pulpal tissue 
of the crown part was removed using a barbed broach. The pulp 
chamber was then cleaned with deionized water and dried with 
an absorbent cotton pellet before the orifice was sealed with 
composite (Nexobio, Korea).

After cutting the roots, the specimens were once again 
inspected under stereomicroscope [15].

During the study, the samples were kept in taped up jars with 
deionized water (Intravenous solutions factory/Iraq) at room 
temperature (20–25°C) for a period not exceeding two months [14].

The treatment region was selected to be in the center of the 
middle third of the facial surface [16]. Using a pencil, a line was 
drawn horizontally from center of mesial border to midpoint of 
distal border and a vertical stroke from middle of gingival limit 
to middle of the incisal edge to determine the center of the labial 
surface. The labial surface should be thought of as having its 
reference point at the junction of the two lines.

Staining procedure: An artificial staining procedure was 
performed similar to previous study procedure [17]. A staining 
solution was put together by soaking of (2 g) one black tea 
paper bag (Lipton, India) in 100 ml of boiling water for 5 min. 
Specimens then immersed and stored inside the incubator for 7 
days at 37°C. After the staining procedure, the specimens were 
washed and dried up by triple syringe. Labial surfaces of stained 
specimen covered with covering tape with a 5 mm-diameter 
window. This procedure was done to standardize the treatment 
area. The shade of each sample was measured after staining and 
after bleaching procedures.

Study design and specimens grouping: Thirty teeth of 
bovine prepared then arbitrarily apportioned to 2 equal group 
(n=15) accorded to the bleaching procedure as the following:

CB group: Conventional in office bleach technique (chemical), 
subdivided to 3 subgroups (n=5) according to using of acid 
etch by 37% phosphoric acid (Spident, Korea) as follow: C1: 
Conventional bleaching preceded by five seconds acid etching, 
C2: Conventional bleaching preceded by ten seconds acid 
etching and C3: conventional bleaching without acid.

Clarident X (Tedequim/Argentina) was used in current study 
as chemical activated gel. The teeth were taken out from 
their storing solution and then dried up using cotton pellets. 
The preparation of whitening gel was done according to the 
manufacture instruction by uncapping the factor B syringe and 
fit the connector tightly then uncap the factor A syringe and 

attach it to the connector. Pass factor A into factor B and vice 
versa. The passage was repeated eight times until homogenized. 
After that the connector and the empty syringe were removed 
and attached to the applicator tip. A layer of a resulted bleaching 
gel applied to a target area with 2 to 3 mm thickness. The gel 
lefting on samples for 40 min. After the gel was sucked away 
by surgical sucker and teeth were washed by deionized water. 
Finally, specimens were kept in deionized water to avoiding 
dehydration.

LB group: Laser–assisted in the office bleach technique, 
(n=15) partitioned to 3 subgroups (n=5) were L1: laser assisted 
bleaching preceded by five second acid etching, L2: laser 
assisted bleaching preceded by ten second acid etching and L3: 
laser-assisted bleaching without acid etching

The laser utilized in this study was a Biolase EPIC laser 
(Waterlase iPlus, USA) with 940 nm wavelength. It was applied 
to each specimen at 7 W for 30 seconds [18].

LaserWhite20 (Biolase/USA) is the patented with gel of 
dental whitening used in combination by a system of Biolase 
diode laser. The laser, through a specialized hand piece and 
conveyance assembly, stimulates the LaserWhite20 whitening 
gel to hasten the process of whitening. 

Base gel holds percentage of 45% H2O2 as an active element. 
Activator is framed by an exclusive dye that is activated by 
taking up laser power in the specific BIOLASE diode laser 
system wavelengths. When mixed, LaserWhite20 whitening gel 
outcomes a 35% hydrogen peroxide.

Procedure for measurement the Color Change: color 
measurement executed for all samplings, before each 
measurement session, VITA Easy shade spectrophotometery 
adjusted according to manufacturer’s guidelines then samples 
was illumined by the periphery of probe tip, pointing light from 
the white LEDs to samples exterior. To enable the tip to be as 
parallel to the surface as possible, the equipment was secured 
on a platform. A uniform tile was used as the background 
on which the dental blocks were set. The readings of the 
spectrophotometery depending on CIE L*a*b* (Com. Inter. 
del’Eclairage) to complete color changing test. L* referring to 
lightness coordinate, the a* values is a measuring of red-green 
axis, while b* values is a measuring of yellow-blue axis [19].

Measure repeated twice before and after bleaching per capita 
and mean of read was obtained. color change (ΔE) for each 
sampling was judged by varying of L* (ΔL*)\ a* (Δa*)\ and\ 
b* (Δb*) values, mean values of ΔL*\ Δa*\ Δb* records were 
calculate and over-all the color change of each sampling is 
calculate by means of the :

 

Surface roughness measurement: Samples' surface 
roughness was studied using an atomic force microscope 
(AFM) (NaioAFM) (Nanosurf AG. Graubernstrasse, Liestal, 
Switzerland) as shown in Figure (1). The arithmetic mean height 
(Sa) parameter which is extension of Ra (the arithmetical mean 
height of the line) to the surface was determined from 10um. It 
expresses, as an absolute values, difference in the height of each 
point comparing to arithmetical mean of surface.
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Statistical Analysis: normal distribution of the data certified 
by carrying out test of the normality (Shapiro-Wilk). All 
data exhibited normally distribution. An ANOVA test with 
independent sample t-test used to comparing between the 
before, after treatment read, also with groups correspondingly 
for color changes and surface roughness change.
Results.

Tables (1 and 2) illustrate the findings of ANOVA test for 
color changes evaluation of conventional (chemical) bleaching 
and the laser assisted bleaching subgroups. Conventional bleach 
showed significant color changes among the 3 subgroups with 
the C2 group showing the best results followed by C1 group 
while C3 group showed least changes. The same pattern 
applies to the laser-assisted bleaching groups with the L2 group 
showing the most significant color changes followed by L1 and 
L3 respectively.

Table 1. Color changes (ΔΕ) assessment of conventional (chemical) 
bleaching and laser bleaching subgroups.
Groups (n=5) C L
5sec. acid etch 24.6±0.8b 25±1.3b
10sec. acid etch 26.9±1.2a 27.2±1.1a
Without acid etch 22.4±1.7c 23±1.9c
Data expressed as mean±SD, C=Conventional, L=laser,
a,b,c =*Numbers with different letters are significantly 
different at p value 0.05 using ANOVA test

Table 2. Color changes results of chemical bleaching groups and 
laser-assisted bleaching groups.

ΔΕ Sum 
Squares df Mean 

Square F Sig.

Chemical 
bleaching

Between 
Groups 50.727 2 25.364 15.459 0.0001

Within 
Groups 19.688 12 1.641

Laser-
assisted 
bleaching

Between 
Groups 44.770 2 22.385 10.692 0.002

Within 
Groups 25.123 12 2.094

ANOVA test conducted between groups

Table 3. Independent sample t-test comparing color changes between 
chemical bleaching and laser assisted bleaching.

N Mean t-value sig Std. 
Deviation

Std. Error 
Mean

Group C1 5 24.57 -0.632- 0.545 0.77466 0.34644
Group L1 5 24.9 -0.632- 0.548 1.25089 0.55942
Group C2 5 26.8820 -0.461- 0.657 1.15636 0.51714
Group L2 5 27.2080 -0.461- 0.657 1.07860 0.48236
Group C3 5 22.3780 -0.525- 0.614 1.72765 0.77263
Group L3 5 22.9780 -0.525- 0.614 1.88488 0.84294

Table (3) illustrates independent sample t-test that compares 
the chemical bleaching subgroups with their counterpart laser-
assisted bleaching ones. It shows that there is no significant 
difference between the compared subgroups regarding the color 
change.

Data in tables (4) illustrates the findings of ANOVA test for 
surface roughness evaluation of chemical and the laser-assisted 

bleaching group respectively. It showed significant differences 
between C3 and C2, with non-significant difference between C3 
and C1, C2 and C1 for chemical bleaching sets. Laser bleaching 
showed significant differences between L3 and L2, L2 and L1, 
with non-significant differences between L3 and L1.

Table 4. Surface roughness (Sa) assessment of conventional (chemical) 
bleaching and laser bleaching subgroups.
Groups 
(n=5)

Sa before Sa after
Groups 
(n=5)

Sa before Sa after

Gp C1 83.3±13c 229.3±50.8ab Gp L1 73.8±11c 141.6±17.2b
Gp C2 82.4±14.7c 267.6±42.5a Gp L2 79.2±18.5c 180.2±27.2a
Gp C3 83.5±13.3c 208±26.1b Gp L3 77.6±16.2c 119.3±38.2b
Data expressed as mean±SD, C=Conventional, L=laser,
a,b,c =*Numbers with different letter are significantly different at 
p value 0.05 using ANOVA test

Table 5. Independent sample t-test comparing surface roughness 
between chemical, and laser assisted bleaching.

N Mean t-value sig Std. Deviation Std. Error 
Mean

Sa 
after 

Gp C1 5 2.2926E2 3.654 0.006 50.83893 22.73586
Gp L1 5 1.4158E2 3.654 0.015 17.16196 7.67506

Sa 
after 

Gp C2 5 2.6757E2 3.875 0.005 42.50051 19.00681
Gp L2 5 1.8016E2 3.875 0.006 27.15616 12.14461

Sa 
after 

Gp C3 5 2.0804E2 4.283 0.003 26.14075 11.69050
Gp L4 5 1.1933E2 4.283 0.004 38.23356 17.09857

Table (5) shows independent samples t-test comparing surface 
roughness resulting between chemical and laser assisted 
bleaching subgroups after the performing the procedure. Test 
showing that there are significant differ between subgroups 
with chemical bleaching technique resulting in more surface 
roughness in all conditions (Figure 2).

Discussion.
Dental bleaching is a very frequent non-invasive dental 

procedure that is gaining popularity due to the growing demand 
for whiter teeth. Maintaining dental bleaching as a non-invasive 
operation requires making sure that the equipment and techniques 
utilized don't harm the tooth structure. The direct interaction 
between a potent oxidizing bleach gel and enamel surface during 
the prolonged bleaching process required for vital teeth varies 
depend on product using, raising concerns about potential enamel 
damage. According to published research, bleaching chemicals 
may harm the structural integrity of organic enamel components 
including collagen and proteins. Additionally, there is proof of 

Figure 1. The atomic force microscope used in the study.
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inorganic components loss, greater than before porosity, loss of 
the fluoride, alteration in calcium to the phosphate proportion, 
the organic matrix degradation, increasing vulnerability to the 
erosion or the caries, higher the surface roughness, lessened 
enamel micro tensile strength, reduced the fracture stability, or 
a diminution in the resistance abrasion of bleaching the dental 
hard tissue, backing up idea the bleach substances are chemical 
active substances theoretically capable of inducing noticeable 
structural alterations in the human dental enamel [21].

Bovine teeth were utilized in the study rather than human 
teeth for the reasons listed below: The cows were slaughtering 
between the ages of 2 and 3 years and had the same eating habits, 
acquiring a significant number of human front teeth for dental 
research is more challenging since there is no age homogeneity. 
It is also necessary to consider infection exposures and ethical 
concerns [22]. Bovine teeth also have a noticeable flat labial 
surface [22]. In the realm of dentistry research, bovine teeth have 
been put forward as a viable substitute for human teeth due to 
less changes in their chemical composition and microhardness 
values [16].

Two methods of in-office dental bleaching were used: 
traditional (chemical) in-office bleach and a laser-assisted in-
office bleach approach utilizing a diode laser. Employing 35% 

hydrogen peroxide concentration for the purpose of comparing 
the results.

Both the light-activated and chemical activated in-office 
bleaching utilized in this investigation were successful at 
whitening teeth. Similar to the findings of the Gurgan et al. 
(2010) study, which involved bleaching with and without 
usage of the additional light source and produced a noticeable 
lightening of the teeth, even though the group devoid of light 
activation had maximum mean value of the shade alteration 
[23].

According to the study's findings, there were no appreciable 
changes between traditional in-office dental bleaching and 
diode laser bleaching. This outcome is consistent with Omidi 
et al. (2017) finding that there are no discernible differ in 
effectiveness of the whitening discolored the teeth using a diode 
laser or not for all color groups (coffee, tea, and juice). The 
findings of earlier research by Auschill et al. (2005), Sulieman 
et al. (2005), Marson et al. (2008), and Polydorou et al. (2013) 
were likewise similar to this one [25-28]. Hein et al. (2003) 
also showed that, in the split-mouth of clinical design, none of 
3 bleach lights (LumaArch, Optilux 500, and Zoom) examined 
had any extra benefit above bleach gel alone for 3 commercial 
solutions [29].

Figure 2. A representative AFM image for enamel topography of the studied groups before and after bleaching [C1: Conventional bleaching 
preceded by five seconds acid etching, C2: Conventional bleaching preceded by ten seconds acid etching and C3: conventional bleaching without 
acid etch. While for the LB group they were L1: laser assisted bleaching preceded by five second acid etching, L2: laser assisted bleaching 
preceded by ten second acid etching and L3: laser-assisted bleaching without acid etching].
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However, the outcome of the present study was distinct from 
that of Zekonis et al. (2003), who had bleached the teeth for 
60 minutes [30]. Additionally, it differed with the findings 
of Baygin et al. (2012), who employed Whiteness HP as 
a bleaching agent together with 980 nm diode lasers with 
powers of 0.8 Watt and 1 Watt for 30 seconds and came to the 
conclusion that the laser increased the efficacy of the bleaching 
process [31]. Additionally, Gurgan et al. (2010) used a variety 
of bleach technique, including bleach without using of the light, 
bleach with using of the diode laser, bleach with the plasma arc 
lamp, and the bleach with the lighting emit diode (LED) lamps. 
With the use of a spectrophotometer, the bleaching outcomes 
were compared in terms of shade alterations. group bleach uses 
the diode laser as the light sources had the biggest changes 
in the overall shade (ΔE), which indicated that there was a 
noticeable difference [23]. Wetter et al. (2004) discovered that 
bleaching with Laser and Whiteness HP bleaching gel produced 
results that were noticeably superior to those obtained with the 
same agent used alone or in conjunction with LED [5]. These 
variations in outcomes were caused by a variety of variables, 
including bleaching material concentration, material type, and 
application duration [32,33]. 

This investigation demonstrated that bleaching with and 
without acid etch had noticeable differences in the final outcome. 
The ten-second acid etch, followed by the five-second acid 
etch, produced the best results. This method works by altering 
enamel surface in 2 different ways. The plaque and acquired 
film are first eliminated when the surface layer is eliminated by 
the acid, and then remain enamel is formed with a more porous 
surface layers [34].

When bleaching gel was applied after acid etching and 
boosted by light, a higher ability for peroxide penetration was 
obtained [12]. Atomic Force Microscope (AFM) was utilized 
to learn impact of bleach on surface roughness of the enamel at 
Nano scale resolution [35]. AFM has several key advantages, 
including the ability to conduct subsequent analyses before 
and after the bleaching process in (almost) the same area of 
the sampling's surface needless to make replica models of the 
sampling and the ability to produce three-dimensional images. 
For the purpose of determining the structure of numerous 
biological models, AFM has become a corresponding method to 
electron microscopy (EM) as a result of ongoing developments 
in sample preparation, imaging techniques, and instrumentation 
[36].

In the current study, the mean Sa value for the chemical 
bleaching was significantly greater after than before bleaching. 
This result is consistent with those of previous studies that found 
that enamel surface roughness significantly increased when 
treated with the same 35% hydrogen peroxide concentration 
[37,38]. 

This increasing may be accredited to lossing of the 
interprismatic ingredients and the sodium and the magnesium 
ions. Another study has likewise report micro morphological 
observe of bleaching enamel clues to the exaggerated prism 
irregularities with higher mean Ra value [39].

No matter concentration, H2O2 was found to make the enamel's 
surface rougher. Bleaching gels' peroxide component lowers the 

enamel's mineral composition. nuclei of enamel prism and the 
interprism regions deform, surface hardness falls, and roughness 
rises as the minerals are removed from the surface [40].

Findings of current study disagree with these of McGuckin et 
al. (1992) and Mondelli et al. (2009), who found that enamel 
micro-rough did not increasing during a traditional bleaching 
technique. Different sources of light, various tooth types used for 
the study, different study materials, and specimen preservation 
in saliva might all be contributing factors to the discrepancy 
in these results [41,42]. The specimens in present study kept 
in deionized water, which lacks fluoride and lacks remineralize 
properties of the saliva.

surface roughness of the enamel increased significantly as a 
result of the laser-assisted in-office bleach technique, which is 
consistent with the findings of a study that used alike bleach gel 
(Laser White 20 whiten gel kit, Biolase, Irvine, USA) and the 
diode laser activater device (Epic 10, Biolase, Irvine-California, 
USA) [43].

Additionally, Selivany and Al-Hano (2015) came to the 
conclusion that the enamel's surface roughness significantly 
increased when 35% hydrogen peroxide was exposed to an 
810 nm diode laser combined with LED [44]. The mean Sa 
value achieved following both chemical and the laser-assisted 
in-office tooth whitening techniques in this vitro investigation 
showed a significant difference.

According to Mirzaie et al. (2016), conservative bleaching 
with 35% hydrogen peroxide and the laser-assisted bleach with 
diverse the laser activator system (810nm diode or Nd: YAG) 
and with dissimilar hydrogen peroxide (30% or 45%) both 
causing the substantial upsurge in surface rough of enamel, with 
conventional bleaching technique causing the higher significant 
increase in surface roughness [37]. These findings may be a 
reflection of the variety of methodological approaches used in 
the studies previously mentioned, such as the different bleaching 
protocols (sessions, treatment time), type of laser activation, 
and irradiation settings [45]. Contrarily, Anaraki et al. (2014) 
discovered that laser-assisted bleaching using an 810nm diode 
laser induced a substantial increase in surface roughness of 
enamel whereas traditional bleach use 40% H2O2 causing a non-
significant rise in the surface rough of enamel [10].

By enhancing free radicals produced by bleach agents during 
bleach procedures, laser, which is widely regarded as gadget 
of choice in numerous dental applications, is said to expedite 
bleach reaction and improve efficacy of bleach material [18]. 
When compared to traditional bleaching, hydrogen peroxide 
bleaching therapy triggered by diode laser was recommended 
to avoid lossing of the enamel mineral structure in the bovine 
teeth and retain it’s the crystalline configuration. The findings 
of two research Anaraki et al., 2014 and Mirzaie et al., 2016 
are consistent with the finding that laser triggered bleaching 
resulted in less enamel surface abnormalities than chemical 
bleaching [10,37].

Findings of this investigation demonstrate that etching with 
37% phosphoric acid for five- or ten-seconds increase enamel 
wear without appreciable variations between them in chemical 
bleaching and significant variation between them when laser 
bleaching used. Soares et al. (2015) study, which discovered 
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an increase in surface roughness when using 37% phosphoric 
acid supports these findings. In an effort to avoid more invasive 
procedures, this technique should not be used routinely; rather, 
it should only be used when necessary [11], to avoid initiating 
enamel hypoplasia [46,47], enamel hardness [48-50], and 
gingival defects [50,51].
Conclusion.

Acid etching for 10 seconds before bleaching produced better 
colour change compared to the control or 5 seconds acid etching 
for both the chemical and laser assisted bleaching. However, 
colour changes were not significant when the subgroups of 
chemical bleaching were compared with their counterparts of the 
laser bleaching. In chemical bleaching, surface roughness was 
also higher when 10 seconds acid etching was used but it was 
not significantly different with e 5 seconds etching subgroups. 
In laser bleaching, significantly higher surface roughness was 
obtained in 10 seconds etching than other groups. In general, 
laser assisted bleaching produced not as much surface roughness 
as chemical bleaching.

REFERENCES
1. Rakan MA, Salman YM, Mohammad YA, et al. Benefits and 
Drawbacks of Current Bleaching Methods. EC Dental Science. 
2019;18:617-622.
2. Shivaprasad Bm, Gundapaneni V, Cecil A. Teeth bleching 
using diode laser as an adjunct to a bleaching agent. Journal of 
Dental Laser. 2018;12:70.	  
3. Kihn PW. Vital tooth whitening. Dent Clin North Am. 
2007;51:319-331.
4. Alqahtani MQ. Tooth-bleaching procedures and their 
controversial affects: Aliterature review. The Saudi Dental 
Journal. 2014;1013-9052.
5. Wetter NU, Barroso MC, Pelino JEP. Dental bleaching 
efficacy with diode laser and LED irradiation: an in vitro study. 
Laser in Surgery and Medicine. 2004;35:254-258.
6. Fekrazad R, Alimazandarani S, Kalhori KA, et al. Comparison 
of laser and power bleaching techniques in tooth color change. 
Journal of Clinical and Experimental Dentistry. 2017;9:e511.
7. Bilichodmath S, Gundapaneni V, Cecil A, et al. Teeth 
bleaching using diode laser as an adjunct to a bleaching agent. 
Journal of Dental Lasers. 2018;12.
8. Al-Mliky MA, Frentzen M, Meister J. Artificial Caries 
Resistance in Enamel after Topical Fluoride Treatment and 445 
nm Laser Irradiation. Biomed Research International. 2019;1-
11.
9. Sulieman M, Rees JS, Addy M. Surface and pulp chamber 
temperature rises during tooth bleaching using a diode laser: a 
study in vitro. British Dental Journal. 2006;200:631-634.
10. Anaraki SN, Shahabi S, Chiniforush N, et al. Evaluation 
of the effects of conventional versus laser bleaching techniques 
on enamel microroughness. Lasers in medical science. 
2015;30:1013-8.
11. Soares AF, Bombonatti JF, Alencar MS, et al. Influence 
of pH, bleaching agents, and acid etching on surface wear of 
bovine enamel. Journal of Applied Oral Science. 2016;24:24-
30.

12. Gonçalves RS, Costa CA, Soares DG, et al. Effect of 
different light sources and enamel preconditioning on color 
change, H2O2 penetration, and cytotoxicity in bleached teeth. 
Operative dentistry. 2016;41:83-92.
13. Moharam LM, Sadony DM, Nagi SM. Evaluation of diode 
laser application on chemical analysis and surface microhardness 
of white spots enamel lesions with two remineralizing agents. 
Journal of Clinical and Experimental Dentistry. 2020;12:271-
276.
14. Aydın B, Pamir T, Baltaci A, et al. Effect of storage solutions 
on microhardness of crown enamel and dentin. European journal 
of dentistry. 2015;9:262-6.
15. Elmourad AM, Alqahtani MQ. Effects of pre- and post- 
simulated home bleaching with 10% carbamide peroxide on 
the shear bond strength of different adhesives to enamel. Saudi 
Journal for Dental Research. 2014;5:81-92.
16. Arango-Santander S, Montoya C, Pelaez-Vargas A, et al. 
Chemical, structural and mechanical characterization of bovine 
enamel. Archives of Oral Biology. 2020;109:104573.
17. Kishi A, Otsuki M, Sadr A, et al. Effect of light units on 
tooth bleaching with visible-light activating titanium dioxide 
photocatalyst. Dental materials journal. 2011;30:723-9.
18. Al‐Karadaghi TS, Al‐Saedi AA, Al‐Maliky MA, et al. The 
effect of bleaching gel and (940 nm and 980 nm) diode lasers 
photoactivation on intrapulpal temperature and teeth whitening 
efficiency. Australian endodontic journal. 2016;42:112-8.
19. Hyun HK, Shin TJ, Kim YJ. The post-traumatic color change 
of primary incisors: a colorimetric and longitudinal study. 
International Journal of Paediatric Dentistry. 2016;26:291-300.
20. Luk K, Anagnostaki E. Impact of laser dentistry in 
management of color in aesthetic zone. In: Coluzzi, D.J. and 
Parker, S.P.A. (eds). Laser in 	 Dentistry- Current 
Concepts. 1st Edn. Spring International Publishing, Switzerland 
AG. 2017:337-360.
21. Goyal K, Saha SG, Bhardwaj A, et al. A comparative 
evaluation of the effect of three different concentrations of in-
office bleaching agents on microhardness and surface roughness 
of enamel–An in vitro study. Dental Research Journal. 
2021;18:49.
22. Yassen GH, Platt JA, Hara AT. Bovine teeth as substitute for 
human teeth in dental research: A review of literature. Journal 
of Oral Science. 2011;53:273-282. 
23. Gurgan S, Cakir FY, Yazici E. Different light-activated 
in-office bleaching systems: a clinical evaluation. Lasers in 
Medical Science. 2010;25:817-822.
24. Omidi BR, Poursamimi J, Parvaneh K. To evaluate the 
effectiveness of the laser diode on bleaching colors changed 
teeth under laboratory conditions. Bioscience Biotechnology 
Research Communications. 2017;10:68-73.
25. Auschill TM, Hellwig E, Schmidale S, et al. Efficacy, side-
effects and patients’ acceptance of different bleaching techniques 
(OTC, in-office, at-home). Oper Dent. 2005;30:156-63.
26. Sulieman M, MacDonald E, Rees JS, et al. Comparison 
of three in-office bleaching systems based on 35% hydrogen 
peroxide with different light activators. American journal of 
dentistry. 2005;18:194-7.



109

27. Marson FC, Sensi LG, Vieira LC, et al. Clinical evaluation 
of in-office dental bleaching treatments with and without the use 
of light-activation sources. Operative dentistry. 2008;33:15-22.
28. Polydorou O, Wirsching M, Wokewitz M, et al. Three-
month evaluation of vital tooth bleaching using light units—A 
randomized clinical study. Operative dentistry. 2013;38:21-32.
29. Hein DK, Ploeger BJ, Hartup JK, et al. In-office vital tooth 
bleaching--what do lights add?. Compendium of continuing 
education in dentistry (Jamesburg, NJ: 1995). 2003;24:340-352.
30. Zekonis R, Matis BA, Cochran MA, et al. Clinical evaluation 
of in-office and at-home bleaching treatments. Operative 
dentistry. 2003;28:114-21.
31. Baygin O, Korkmaz F, Arsian I. Comparison of activated 
bleaching effects of various laser systems: an in vitro study. 
Dentistry. 2012;2:139.
32. Basting RT, Amaral FL, França FM, et al. Clinical 
comparative study of the effectiveness of and tooth sensitivity to 
10% and 20% carbamide peroxide home-use and 35% and 38% 
hydrogen peroxide in-office bleaching materials containing 
desensitizing agents. Operative dentistry. 2012;37:464-73.
33. Meireles SS, Fontes ST, Coimbra LA, et al. Effectiveness 
of different carbamide peroxide concentrations used for tooth 
bleaching: an in vitro study. Journal of Applied Oral Science. 
2012;20:186-91.
34. Silverstone LM. Fissure sealants. Laboratory studies. Caries 
Research. 1974;8:2-26.
35. Field J, Waterhouse P, German M. Quantifying and 
qualifying surface changes on dental hard tissues in vitro. 
Journal of Dentistry. 2010;38:182-90.
36. Hegedüs C, Bistey T, Flora-Nagy E, et al. An atomic force 
microscopy study on the effect of bleaching agents on enamel 
surface. Journal of dentistry. 1999;27:509-15.
37. Mirzaie M, Yassini E, Ganji S, et al. A comparative study 
of enamel surface roughness after bleaching with diode laser 
and Nd: YAG laser. Journal of lasers in medical sciences. 
2016;7:197.
38. Vieira I, Vieira-Junior WF, Pauli MC, et al. Effect of in-office 
bleaching gels with calcium or fluoride on color, roughness, and 
enamel microhardness. Journal of Clinical and Experimental 
Dentistry. 2020;12:e116.
39. Nam SH, Ok SM, Kim GC. Tooth bleaching with 
low‐temperature plasma lowers surface roughness and 
Streptococcus mutans adhesion. International Endodontic 
Journal. 2018;51:479‑88.
40. Altınışık H, Akgül S, Nezir M, et al. The effect of in-office 
bleaching with different concentrations of hydrogen peroxide 
on enamel color, roughness, and color stability. Materials. 
2023;16:1389.

41. McGuckin RS, Babin JF, Meyer BJ. Alterations in human 
enamel surface morphology following vital bleaching. Journal 
of Prosthetic Dentistry.1992;68:754-760.
42. Mondelli RF, Azevedo JF, Francisconi PA, et al. Wear and 
surface roughness of bovine enamel submitted to bleaching. Eur 
J Esthet Dent. 2009;4:396-403. 
43. Ergin E, Ruya Yazici A, Kalender B, et al. In vitro 
comparison of an Er: YAG laser-activated bleaching system 
with different light-activated bleaching systems for color 
change, surface roughness, and enamel bond strength. Lasers in 
medical science. 2018;33:1913-8.
44. Selivany BH, Al-Hano F. The effect of remineralizing 
toothpastes on enamel surface roughness after hybrid laser 
bleaching (an in vitro study). Journal of Baghdad College of 
Dentistry. 2015;27:1-7.
45. Dutra AC, de Castro Albuquerque R, Morgan LF, et al. 
Effect of bleaching agents on enamel surface of bovine teeth: 
a sem study. Journal of Clinical and Experimental Dentistry. 
2017.
46. Veličković M, Sekulić Marković S, Acović A, et al. Non-
invasive treatment of multiple enamel hypoplasia: A case report. 
Medicinski časopis. 2021;55:144-7.
47. Al-Nuaimi N, Gasgoos S. Effect of chicken eggshell paste 
on enamel surface microhardness and colour change of artificial 
carious lesions created on permanently extracted teeth. Georgian 
Medical News. 2023;340-341:107-12.
48. Altaee I’, Qasim AA. The Effect of Zamzam Water and 
ProShieldR Varnish on Microhardness of Eroded Primary 
Enamel Teeth Induced by Ironplus Syrup: An In Vitro Study. 
Pharmacognosy Journal. 2023;15:1091-1097.
49. Singh A, Tejaswi S, Mruthunjaya K, et al. Comparative 
Evaluation of Microhardness and Color Change of Root 
dentin using Punica granatum (pomegranate extract), 
Sodium hypochlorite, Chlorhexidine and Normal saline as 
an Endodontic irrigant – An in vitro study. Pharmacognosy 
Journal. 2023;15:732-737.
50. Ibrahim H, Al-Askary R. Marginal fitness of bioactive 
bulkfill restorations to gingival enamel of class II cavities: an in 
vitro comparative study. Georgian Medical News. 2023;345:72-
9.
51. Alsabeel MH, Qasim AA. Impact of Fluoridated Dental 
Products on Surface Roughness and Morphology of Bleached 
Tooth Enamel: An In Vitro Study. Pharmacognosy Journal. 
2024;16:217-225.
52. Ibrahim HS, Al-Askary RA. Marginal Leakage Evaluation 
of Bioactive Bulkfill Restorative Materials in Class II Cavities: 
An In Vitro Comparative Study. Pharmacognosy Journal. 
2023;15:1098-1104.


	Title

