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Effects of in-office bleaching agent 
combined with different desensitizing 
agents on enamel

Objective: To analyze color change, microhardness and chemical 
composition of enamel bleached with in-office bleaching agent with different 
desensitizing application protocols. Materials and Methods: One hundred 
and seventeen polished anterior human enamel surfaces were obtained 
and randomly divided into nine groups (n=13). After recording initial color, 
microhardness and chemical composition, the bleaching treatments were 
performed as G1: Signal Professional White Now POWDER&LIQUID FAST 38% 
Hydrogen peroxide(S); G2: S+Flor Opal/0.5% fluoride ion(F); G3: S+GC 
Tooth Mousse/Casein Phosphopeptide-Amorphous Calcium Phosphate (CPP-
ACP) paste(TM); G4: S+UltraEZ/3% potassium nitrate&0.11% fluoride(U); 
G5: S+Signal Professional SENSITIVE PHASE 1/30% Nano-Hydroxyapatite 
(n-HAP) suspension(SP); G6: S-F mixture; G7: S-TM mixture; G8: S-U 
mixture; G9: S-SP mixture. Color, microhardness and chemical composition 
measurements were repeated after 1 and 14 days. The percentage of 
microhardness loss (PML) was calculated 1 and 14 days after bleaching. 
Data were analyzed with ANOVA, Welch ANOVA, Tukey and Dunnett T3 tests 
(p<0.05). Results: Color change was observed in all groups. The highest ΔE 
was observed at G7 after 1 day, and ΔE at G8 was the highest after 14 days 
(p<0.05). A decrease in microhardness was observed in all groups except G6 
and G7 after 1 day. The microhardness of all groups increased after 14 days 
in comparison with 1 day after bleaching (p>0.05). PML was observed in all 
groups except G6 and G7 after bleaching and none of the groups showed PML 
after 14 days. No significant changes were observed after bleaching at Ca 
and P levels and Ca/P ratios at 1 or 14 days after bleaching (p>0.05). F mass 
increased only in G2 and G6, 1 day after bleaching (p<0.05). Conclusions: 
The use of desensitizing agents containing fluoride, CPP-ACP, potassium 
nitrate or n-HAP after in-office bleaching or mixed in bleaching agent did 
not inhibit the bleaching effect. However, they all recovered microhardness 
of enamel 14 days after in-office bleaching.

Keywords: Tooth bleaching. Desensitizing agents. Color. Hardness test. 
Chemical analyses.
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Introduction

Esthetics is a major concern in dentistry today. 

Changes in the smile has surprising effects on the 

self-esteem of an individual, especially in a society that 

places too much emphasis on physical appearance.1 

Tooth bleaching is one of the most requested esthetic 

procedures asked for by patients who want an 

attractive smile. Today, many different bleaching 

systems have been introduced to meet this demand.2 

Although the at-home bleaching system using 10% 

carbamide peroxide was considered the standard 

treatment for vital teeth in the past, in-office technique 

has become more popular than at-home bleaching, as 

highly concentrated (30%-35% hydrogen peroxide) 

products promote faster tooth whitening.3 Regardless 

of the technique or product used, the mechanism of 

action of bleaching agents is based on a complex 

oxidation process with release of reactive oxygen 

species, which penetrate through the pores of enamel 

rods and reach the dentin, breaking down organic 

molecules and producing lighter, smaller, and clearer 

compounds.4

In-office bleaching has been validated as effective 

for lightening tooth color, most clinical studies 

have shown that more than 70% of the patients 

who undergo in-office bleaching complain of tooth 

sensitivity and this is the main deterrent for patients to 

successfully complete their bleaching treatment.5 Some 

remineralizing components, such as fluoride, calcium, 

amorphous calcium phosphate, and hydroxyapatite 

are used to minimize adverse effects of bleaching 

treatments on the enamel.6 In an attempt to decrease 

or limit dental sensitivity during bleaching, a number 

of different desensitizing agents have been introduced 

for use before or after bleaching or in association 

with bleaching gels.7 These components are added in 

the bleaching gel to prevent demineralization of the 

enamel during bleaching and the decrease in dental 

sensitivity reported by many patients during and after 

bleaching treatment.8 However, there are conflicting 

reports about the effects of bleaching agents on 

alterations of the surface morphology and chemical 

properties of dental tissues.9

Studies comparing the effect of desensitizing 

agents on the potential of bleaching gels and on the 

enamel structure are limited.6,10,11 Therefore, this study 

aimed to evaluate the effects of different desensitizing 

protocols on the efficacy of in-office bleaching agent 

and microhardness and chemical composition of 

human enamel in vitro. The null hypothesis tested was 

that the use of desensitizing agents with the bleaching 

system would alter the bleaching efficacy and would 

have no beneficial effect on enamel.

Materials and Methods

This study was conducted in accordance with all 

the provisions of the local human subjects oversight 

committee, with the Declaration of Helsinki (1964) and 

with the policies of Hacettepe University. The approval 

code for this study is FON 12/19.

Figure 1 shows the materials and their compositions 

used in the study.

Sample preparation
Recently extracted intact human incisors were 

stored at room temperature in distilled water until 

testing. The roots of the teeth were removed 2 mm 

apically to the cementoenamel junction using diamond 

discs, and the crowns were embedded in colorless 

Materials Composition

Signal Professional White Now LIQUID & POWDER FAST (MC 
ITALIA srl, Lainate MI, Italy) (Batch # 130)

Liquid: 38% Hydrogen Peroxide, distilled water
Powder: Potassium nitrate, Glycerol, Xhantane Gum, Sodium 

Hydroxide and Hydroxypropyl methylcellulose (all components are 
anhydrides).

Flor-Opal (Ultradent Products, Inc. South Jordan, USA) (Batch # 
F115)

0.5% fluoride ion in a sticky viscous gel (1.1% Neutral NaF)

GC Tooth Mousse (GC, Tokyo, Japan) (Batch #170524A) Glycerol, Propylene glycol, Recaldent CPP-ACP (Casein 
phosphopeptide - amorphous calcium phosphate), D-glucitol, 
Colloidal Silica, Sodium carboxyl methyl cellulose (CMC-Na), 

titanium dioxide, xylitol

UltraEZ (Ultradent Products, Inc. Utah, USA) (Batch # F128) 3% Potassium Nitrate, 0.11% w/w Fluoride Ion gel

Signal Professional SENSITIVE PHASE 1 (MC ITALIA srl, Lainate 
MI, Italy) (Batch # 01/11)

30% Nano Hydroxyapatite in absolute alcohol suspension

Figure 1- Materials used in the study
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self-cure acrylic-liquid mixture (Panacryl, Rubydent, 

Istanbul, Turkey). The enamel surfaces were ground 

flat using 400-grit silicon carbide abrasive paper and 

polished with 600 and 1200-grit aluminum oxide 

papers on a polishing machine (Mecapol P230, Presi, 

France), until a circular area of 10 mm diameter was 

exposed. The specimens were then subjected to color, 

surface microhardness and chemical composition 

analyses. For the standardization of the specimens, 

170 teeth with the similar initial Vickers hardness 

values were selected for the study.

Color measurements
The color distribution (L*, a* and b*) of each 

specimen was measured with a spectrophotometer 

(VITA Easy Shade, Vident, Brea, CA, USA). 

Measurements were taken at the middle third region 

of the specimens, which were repeated three times 

at each evaluation, and then their averages were 

calculated. The spectrophotometer was calibrated 

with a white reflectance standard according to the 

manufacturer’s protocol before each measurement.

The overall color difference of specimen in each 

group was calculated by the following expressions12,13:

ΔE=[(ΔL)2+(Δa)2+(Δb)2]1/2

Microhardness evaluation
The microhardness values of the enamel surfaces 

were obtained with a microhardness tester (Shimadzu 

HMV/ 2000, Shimadzu Corporation, Kyoto, Japan). 

The Vickers hardness number (VHN) was determined 

by fitting a 50 kgf load into the diamond indenter, 

and by allowing the indenter to rest on the enamel 

surface for 30 s. Five indentations at the distance of 

100 µm between were performed on each specimen 

to minimize interactions between neighboring marks. 

Then their average was calculated.

Chemical composition analysis
Energy dispersive spectrometry (EDS) analyses 

were performed on the Scanning Electron Microscope 

(SEM) combined with EDS (Bruker Axs XFlash 3001 

SDD-EDS, Cambridge, UK). Calcium (Ca), phosphorous 

(P) and fluoride (F) contents in mass percent were 

measured in standard mode from three peak spots 

per each specimen. The operating parameters were: 

15 Kv accelerating voltage, 10 nA beam current, and 

30-45-second counting times with a 10 mm working 

distance. Calcium and phosphorous contents were 

converted into Ca/P ratio for each specimen, and a 

range of Ca/P ratio were calculated.

Bleaching and desensitizing procedures
The 13 specimens were treated at groups 1-5 

according to the manufacturers’ instructions. The 

13 specimens at groups 6-9 were treated with the 

bleaching agents mixed with desensitizers as described 

below:

Group 1 (S): 4-5 mini spoons Signal Professional 

White Now Powder [MC ITALIA srl, Lainate (MI), Italy] 

was well-mixed with 20-25 drops Signal Professional 

White Now Liquid [MC ITALIA srl, Lainate (MI), Italy] 

until a homogeneous paste was obtained, and it was 

applied all over the enamel surfaces as a 1 mm thick 

layer using a brush. Three 15-minute applications 

were made for each specimen, consecutively. After 

first and second applications, the bleaching agent 

was removed with cotton rolls, and, at the end of the 

third application period, the agent was rinsed off the 

enamel surface with running water.

Group 2 (S&F): The bleaching agent was prepared 

and applied as Group 1. After bleaching procedure, 

0.5% fluoride containing gel Flor-Opal (F) (Ultradent 

Products, Inc. South Jordan, USA) was applied to 

enamel surfaces and left undisturbed for 4 min. Then 

the desensitizing gel was rinsed off with running water.

Group 3 (S&TM): After bleaching as Group 1, GC 

Tooth Mousse (TM) CPP-ACP paste (GC, Tokyo, Japan) 

was applied to enamel surfaces and left undisturbed 

for 4 min. Then CPP-ACP paste was rinsed off with 

running water.

Group 4 (S&U): After bleaching procedure, UltraEZ 

(Ultradent Products, Inc. Utah, USA) 3% potassium 

nitrate + 0.11 % fluoride (U) was applied to enamel 

surfaces for 4 min. The desensitizing agent was rinsed 

off with running water.

Group 5 (S&SP): Before bleaching procedure, 

Signal Professional SENSITIVE PHASE 1 (MC ITALIA 

srl, Lainate MI, Italy) 30% Nano Hydroxyapatite 

suspension (SP) was applied to enamel surfaces and 

left undisturbed for 2 min. The desensitizing agent was 

rinsed off with running water, and the bleaching agent 

was applied in the same manner. After bleaching, the 

application of SP was repeated.

Group 6 (S-F mixture): 1.5 mL of bleaching 

agent was mixed with 0.5 mL Flor-Opal (F) until a 

homogeneous paste was obtained. The S-F mixture 

was prepared freshly before each application period 

and applied 3 times for 15 min. After first and second 
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applications, the S-F mixture was removed with cotton 

rolls and, at the end of the third application period; 

the mixture was rinsed off the enamel surface with 

running water.

Group 7 (S-TM mixture): 1.5 mL of bleaching agent 

was mixed with 0.5 mL GC Tooth Mousse CPP-ACP 

paste until a homogeneous paste was obtained and 

applied as Group 6.

Group 8 (S-U mixture): 1.5 mL of bleaching agent 

was mixed with 0.5 mL UltraEZ 3% potassium nitrate 

& 0.11% fluoride until a homogeneous paste was 

obtained and applied as Group 6.

Group 9 (S-SP mixture): 1.5 mL of bleaching agent 

was mixed with 0.5 mL Signal Professional SENSITIVE 

PHASE 1 30% Nano Hydroxyapatite suspension until 

a homogeneous paste was obtained and applied as 

Group 6.

After bleaching application and desensitizing 

procedures, samples were stored in freshly prepared 

artificial saliva for 14 days13. The artificial saliva 

solution was changed daily.

The composition of artificial saliva used was Na3PO4 

(3.90 mM), NaCl (4.29 mM), KCl (17.98 mM), CaCl2 

(1.10 mM), MgCl2 (0.08 mM), H2SO4 (0.50 mM), 

NaHCO3 (3.27 mM) and distilled water with the pH 

adjusted to 7.2.14

Color, surface microhardness and chemical-

composition measurements were repeated 1 and 14 

days after bleaching procedures.

Percentage of Microhardness Loss (PML)
PML was calculated using the following equations:15

1. PML (%) 1 day after bleaching=(VHNbefore-VHN1 day)/

VHNbefore

2. PML (%) 14 days after bleaching=(VHNbefore-VHN14 

days)/VHNbefore

Scanning Electron Microscopy (SEM) evaluation
One sample from each group was analyzed with SEM 

to examine the enamel morphology before bleaching 

and 1 and 14 days after bleaching. Specimens were 

cleaned with distilled water. SEM analyses performed 

on the EDS and SEM image combination were obtained 

at the time of EDS analysis, using a Zeiss EVO 50 EP 

SEM (Carl Zeiss, Cambridge, UK) without coating, as 

the vacuum conditions needed to sputter the enamel 

surfaces could result in deterioration. The specimens 

were left self-drying for 24 hours and no additional 

drying protocol was applied to the specimens for the 

SEM observations.

Statistical analysis
Statistical analyses were performed with SPSS 

PASW, 15.0 software for Windows (SPSS Inc., Chicago, 

IL, USA). Normality of data distribution (Shapiro-Wilk 

test), as well as homogeneity of variance (Levene’s 

test), was tested before statistical analysis. The 

Kolmogorov-Smirnoff test was applied to verify the data 

that were normally distributed. ANOVA test was used 

for homogeneous variances (microhardness values and 

ion contents in mass percent) (p<0.05), and the Welch 

ANOVA test was used for non-homogeneous variances 

(color difference) (p<0.05). Multiple comparisons of 

homogeneous and non-homogeneous variances were 

further evaluated using Tukey (p<0.05) and Dunnett 

T3 (p<0.05) tests, respectively.

Results

Sample characteristics were similar for each group 

before test procedures for all the tested parameters. 

Table 1 shows the ΔE values of the groups. One day 

after bleaching, the highest ΔE was observed at Group 

7 (S-TM mixture), which was significantly higher 

than Group 3 (S&TM), Group 5 (S&SP), Group 6 (S-F 

mixture), and Group 9 (S-SP mixture) (p<0.05). The 

ΔE value of Group 8 (S-U mixture) was the highest 

after 14 days and significantly higher than Group 2 

(S&F), Group 3 (S&TM), Group 4 (S&SP), Group 5 

(S&SP), and Group 6 (S-F mixture) (p<0.05).

Table 2 shows the Vickers Hardness Numbers 

(VHN). A decrease in microhardness was observed 

in all groups, except for Groups 6 and 7 after 1 

day. The highest VHN was found in Group 6 (S-SP 

mixture), which was statistically similar to Group 7 

(p>0.05). The microhardness of all groups increased 

in comparison with baseline after 14 days. All groups 

showed statistically similar microhardness 14 days 

after bleaching procedure (p>0.05). Table 3 shows 

the percentage of microhardness loss (PML). PML 

was observed in all groups, except for Groups 6 and 7 

after 1 day. Group 1 showed the highest loss (p<0.05) 

followed by Groups 5, 4, 2, 3, 8 and 9. PML of Group 

9 was very low (0.4%), which was different from the 

other groups (p<0.05). PML was not observed in all 

groups after 14 days. However, all groups exhibited 

a recovery. Groups 5, 6, 7, 8 and 9 showed better 

recovery than other groups (p<0.05). Group 8 showed 

the highest (23.1%) recovery rate after 14 days.

Effects of in-office bleaching agent combined with different desensitizing agents on enamel
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Table 4 shows calcium (Ca), phosphorous (P) and 

fluoride (F) contents in mass percent and Ca/P ratios 

before bleaching and 1 and 14 days after bleaching. 

No significant change was observed after bleaching at 

Ca and P levels (p>0.05). F mass increased in Groups 

2 and 6, 1 day after bleaching (p<0.05). No significant 

differences were found in Ca/P ratios 1 or 14 days after 

bleaching (p>0.05).

Groups Evaluation Periods

B1 B14

G1 (S) 21.8 (6.8)aA* 12 (12.1)aB

G2 (S&F) 24.4 (5.7)aA 10.9 (4.3)bB

G3 (S&TM) 20.2 (5.4)bA 7.2 (2.9)bB

G4 (S&U) 23.8 (6.6)aA 9.8 (3.5)bB

G5 (S&SP) 18.2 (5.1)bA 10.6 (4.1)bB

G6 (S-F mixture) 18.7 (4.7)bA 9.2 (3.2)bB

G7 (S-TM mixture) 28.4 (5.2)aA 14.7 (7.4)aB

G8 (S-U mixture) 24.5 (1.8)aA 17.3 (3.4)aB

G9 (S-SP mixture) 21.2 (6.6)bA 14.7 (3.8)aB

*Different letters (lowercase in the same column, uppercase in the row) indicate statistically significant differences (p<0.05)

Table 1- Means and standard deviations of color differences (ΔE) among the experimental groups 1 (B1) and 14 (B14) days after 
bleaching treatments

Groups Evaluation Periods

VHNBB VHNB1 VHNB14

G1 (S) 417.9 (73.6)aA 325.6 (95.0)aB 420.4 (110.4)aA

G2 (S&F) 415.0 (76.9)aA 338.8 (68.9)aB 415.3 (65.8)aA

G3 (S&TM) 415.9 (57.6)aA 364.7 (71.9)aB 420.2 (98.0)aA

G4 (S&U) 419.3 (65.0)aA 340.0 (76.6)aB 425.2 (46.0)aA

G5 (S&SP) 412.9 (55.1)aA 328.5 (80.4)aB 483.2 (63.0)aC

G6 (S-F mixture) 408.4 (49.7)aA 522.4 (80.0)bB 493.1 (58.1)aC

G7 (S-TM mixture) 411.6 (49.3)aA 453.4 (117.8)bB 492.4 (72.1)aC

G8 (S-U mixture) 405.5 (60.2)aA 379.7 (88.9)aB 499.3 (67.8)aC

G9 (S-SP mixture) 413.0 (46.4)aA 411.5 (115.0)aA 461.3 (112.7)aB

Different letters with lowercase in the same column indicate statistically significant differences (p<0.05)
Different letters with uppercase in the same row indicate statistically significant differences (p<0.05)

Table 2- Means and standard deviations of Vickers hardness number (VHN) among the experimental groups 1 (B1) and 14 (B14) days 
before and after bleaching treatments

Groups PML (%)

One day before and after bleaching Fourteen days before and after bleaching

G1 (S) 22.1 -0.6

G2 (S&F) 18.4 -0.1

G3 (S&TM) 12.3 -1

G4 (S&U) 18.9 -1.4

G5 (S&SP) 20.4 -17

G6 (S-F mixture) -27.9 -20.7

G7 (S-TM mixture) -10.2 -19.6

G8 (S-U mixture) 6.4 -23.1

G9 (S-SP mixture) 0.4 -11.7

Table 3- The percentage of microhardness loss (PML) (%) between 1 day before and after bleaching and 14 days before and after 
bleaching

KUTUK ZB, ERGIN E, CAKIR FY, GURGAN S
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Scanning Electron Microscopy (SEM) evaluation
Surface characteristics of each group were similar 

to previous test procedures. SEM observations showed 

no deleterious effects for any of the groups neither 1 

day nor 14 days after bleaching when compared with 

baseline (Figure 2-4). No changes were observed 

on the enamel surfaces in the test groups at any 

evaluation time.

Discussion

The most common side effect of all peroxide-based 

whitening procedures is tooth sensitivity, and efforts 

have been made to overcome the sensitivity caused 

by bleaching procedures. Bleaching with 35-38% 

hydrogen peroxides may alter enamel morphology, 

decrease microhardness and cause loss of hard tissue 

volume.8,16 Thus, studies have been done to achieve 

Figure 2- Scanning electron microscopy (SEM) photographs of Groups 1-9 (x265) before bleaching (A-I)

Ca P F Ca/P

BB B1 B14 BB B1 B14 BB B1 B14 BB B1 B14

G1 (S)
67.7 66.7 67.5 30.9 29.5 29.4 1.9 1.5 1.5 2.2 2.2 2.4

(1.5) (2.9) (2.3) (1.9) -2 (3.6) -3 -4 (1.3) (0.1) (0.2) (0.4)

G2 (S&F)
68.2 67.7 68.4 30.2 29.7 29.7 0.8 15.6 1.6 2.3 2.2 2.4

(1.5) -9 (1.7) -3 (3.8) (1.3) (1.9) (12.7)* (1.5) (0.3) (0.1) (0.2)

G3 (S&TM)
67.6 68 68.9 30.6 30.8 30.1 1.8 2.8 2.1 2.2 2.2 2.4

(2.5) (3.6) (1.5) (1.9) -3 (1.6) (3.6) (3.9) (0.2) (0.1) (0.3) (0.1)

G4 (S&U)
67.4 67.5 67.9 28.5 29.8 29.5 1.1 2.3 1.7 2.1 2.2 2.4

(2.3) (6.2) (1.8) (1.2) (3.3) (0.9) (2.9) (7.2) (1.9) (0.1) (0.3) (0.1)

G5 (S&SP)
65.8 67.1 68.9 30.6 31 30 1.6 1.9 1.7 2.2 2.2 2.3

(4.1) (2.3) (2.9) (1.8) (1.6) (1.9) (5.8) (3.1) (3.9) (0.1) (0.1) (0.2)

G6 (S-F mixture)
67 67.9 67.9 29.4 29.7 29.7 1.5 12.8 2.9 2.2 2.1 2.2

(1.6) -8 (3.5) -1 (4.9) (2.8) (1.6) (13.4)* (4.8) (0.1) (0.4) (0.2)

G7 (S-TM mixture)
67.1 67.3 69.4 30.7 30.7 30.7 1.2 2 1.2 2.1 2.2 2.4

(1.8) (2.9) (1.9) (1.5) (1.3) (1.2) (2.8) (3.5) (1.6) (0.1) (0.1) (0.2)

G8 (S-U mixture)
67.3 67.7 67.3 29.1 29.1 28.9 1.3 1.5 1.8 2.2 2.2 2.4

(2.1) (2.9) (1.5) -1 (1.6) (1.1) (2.6) (3.7) (1.8) (0.1) (0.1) (0.1)

G9 (S-SP mixture)
67.6 68.5 70.6 31.4 30 30.1 1 1.9 2.3 2.2 2.3 2.4

(1.8) (3.5) (1.5) (1.1) (1.8) (1.3) (2.4) (4.2) (1.2) (0.1) (0.2) (0.2)

Abbreviations: Ca: calcium; P: phosphorus; F: fluoride; BB: Before bleaching;  B1: 1 day after bleaching; B14: 14 days after bleaching

Table 4- Mean values and standard deviations of Ca, P and F (mass % contents) and Ca/P ratios

Effects of in-office bleaching agent combined with different desensitizing agents on enamel



J Appl Oral Sci. 2019;27:e201802337/10

a protocol, which may promote remineralization after 

bleaching and recover the microhardness loss and 

surface deterioration of enamel caused by bleaching.

The mixture of remineralizing and bleaching agents 

was capable of reducing sensitivity and recover or at 

least avoid alterations in the surface morphology of 

enamel.17 Fluoride, potassium nitrate, ACP or n-HAP 

have been introduced in recent bleaching products to 

prevent either hypersensitivity or demineralization 

effect.18-20 Moreover, these novel techniques did not 

decrease the bleaching potential of the peroxide.21

In this study, the color change effect of the 

bleaching agent, both alone or combined with 

desensitizing agents (after bleaching or mixed with 

the bleaching gel), significantly decreased 14 days 

after the bleaching treatment when compared to 1 day 

after bleaching. This excludes any possible dehydration 

effect and represents the real effect in color change. 

Similarly, Zekonis, et al.22 (2003) reported that the 

greatest values of color change were observed after 

bleaching, followed by a relapse 7 days after bleaching.

Application of fluoride and/or calcium was able to 

alter the microhardness loss in the post-treatment 

phase. Also, the addition of fluoride to the bleaching 

agent could positively affect the rehardening of 

bleached enamel, requiring shorter time for recovery 

compared with gels without fluoride.23 In this study, 

enamel microhardness had a significant decrease after 

bleaching in all groups, except the specimens treated 

with the mixture of desensitizing agents containing 

fluoride or CPP-ACP. The specimens treated with 

the mixture of either fluoride or CPP-ACP showed 

Figure 3- Scanning electron microscopy (SEM) photographs of Groups 1-9 (x265) 1 day after bleaching (A-I)

Figure 4- Scanning electron microscopy (SEM) photographs of Groups 1-9 (x265) 14 days after bleaching (A-I)
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the highest microhardness 1 day after the bleaching 

treatment.

Borges, et al.11 (2011) evaluated the effect of CPP-

ACP paste with a hydrogen peroxide agent on bleaching 

efficacy, level of tooth sensitivity, and alterations on 

enamel surface morphology. They reported that the 

use of a mixture of hydrogen peroxide office bleaching 

and CPP-ACP paste may reduce the tooth sensitivity 

and avoid morphological alterations on enamel after 

bleaching.

Potassium nitrate is one of the agents introduced in 

recent bleaching products to prevent hypersensitivity 

and demineralization effects by Chen, et al.8 (2008); 

Grobler, et al.24 (2009) showed the presence of 

potassium nitrate in the bleaching agents could not 

decrease microhardness in enamel. However, in this 

study, the potassium nitrate was not used alone but 

with fluoride.

Nano-hydroxyapatite (n-HAP) has currently gained 

wide acceptance in health sciences for being one 

of the most biocompatible and bioactive materials. 

Laboratory studies have shown microscopic surface 

enamel defects, associated with bleaching, could be 

repaired using a paste containing n-HAP crystals.25 

Because of its nano metric size, n-HAP can easily 

penetrate inside the dentinal tubules and enamel 

microcracks; thereby it promotes a reliable sealing 

for the tubules and microcracks, and it restores the 

microstructure and chemical composition of the tooth 

tissues.18,26,27 The n-HAP crystals are also very resistant 

to acidic challenges that routinely take place in the 

oral environment.28

In this study, only 1 day after bleaching, 2 

desensitizing agent groups showed an increase in 

initial microhardness values, all the groups were 

capable of maintaining microhardness values 14 days 

after bleaching.

The percentage of microhardness loss in this study 

ranged from 22.1 to 0.4 values. The highest loss was 

observed in the first group, in which no desensitizing 

agent was added, and the lowest loss was seen in the 

group in which the n-HAP was used as a mixture in 

the bleaching agent. The losses were remineralized 14 

days after the bleaching treatment in all groups. This 

may be due to the extra effect of mineral concentration 

of artificial saliva.

In the daily routine of oral environment, 

acidic challenges lead to conditions for enamel 

remineralization, and previously demineralized 

enamel is known to be more susceptible to further 

remineralization. Bleaching agents may cause 

demineralization on the enamel, by which ionic 

changes are induced and mineral uptake is increased 

to replace the mineral loss during treatment. 

Therefore, the specimens were stored in artificial 

saliva to mimic the oral conditions. On the other 

hand, some studies suggest that saliva may partially 

lead to the replacement of the mineral loss caused by 

the bleaching treatment.29,30 Basting, et al.31 (2005) 

reported that immersion in a solution similar to human 

saliva for two weeks after bleaching may increase 

microhardness of bleached enamel. Similar to previous 

findings, saliva could present a reformative effect on 

the microhardness loss in this study.

Although the saliva is expected to remineralize the 

bleached enamel, some in situ studies have reported 

a decrease in microhardness on enamel immediately 

after bleaching treatments.15 The microhardness loss 

could be related to mineral content loss caused by 

demineralization. The effects of bleaching agents on 

mineral loss of enamel and dentin are usually tested 

by microhardness studies for being directly related to 

the mineral content of the tooth.15,32 For this reason, 

microhardness tests can be used both as a comparative 

measure of hardness changes and as a direct 

measure of mineral loss or gain as a consequence of 

demineralization and remineralization processes.

On the other hand, EDS determines the mineral 

content of dental hard tissues. The main advantage 

of this system is its capability to provide an accurate 

and non-destructive analysis of the specimens.33,34 

As a consequence, this method was used to evaluate 

the changes on mineral content of enamel in this 

study. The findings revealed that bleaching or 

desensitizing agents used after bleaching or as a 

mixture in bleaching agent did not affect Ca and P 

levels, but F levels increased in the groups treated 

with F-containing desensitizers after bleaching. The 

possible explanation for this increase may be the 

use of F-containing bleaching agent to prevent either 

sensitivity or demineralization during the bleaching 

treatment. However, controversial results exist on 

the topic, since no supporting evidence regarding 

the influence of F-containing bleaching gels on the 

demineralization has been documented. In an in 

vitro study, the bleaching agent either combined with 

F or Ca was insufficient to prevent the reduction in 

the surface microhardness of enamel.35 Conversely, 
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the addition of F in HP bleaching agent was shown 

to induce fluoridated HAP and Ca and F crystals 

on enamel surfaces when evaluated with an X-ray 

photoelectron spectroscopy. The remineralization 

processes of the demineralized tooth tissues are 

expedited by this mechanism.33

Lee, et al.36 (2006) reported a decrease in the Ca/P 

ratio of bleached bovine enamel after application of 

30% HP. In contrast to their study, although 38% HP 

was used, the Ca/P ratios were not changed in this 

study.

With the limitation of this study, a specimen was 

examined per group under SEM and revealed no 

deleterious effects on enamel. The majority of the 

previous SEM studies that investigated the surface 

morphology following bleaching were in the same line 

with his study, reporting no significant changes.33,37 

On the other hand, some other studies have reported 

slight alterations on the enamel morphology with 

an increased number of pits, pores and erosion 

areas, which may also indicate demineralization and 

dissolution.15,38,39

Therefore, modifications of the bleaching gel 

did not influence the color change in this study. 

The desensitizing agents used after bleaching or 

as a mixture in the bleaching gel were capable of 

increasing the microhardness of enamel. Thus, the 

null hypothesis is accepted. However, more studies 

are needed to evaluate the effect of desensitizers used 

after bleaching or used in different modifications on 

dental hard tissues after extended periods of time.

Conclusions

Within the experimental limitations of this in vitro 

study, the following conclusions could be drawn:

1. The use of desensitizing agents containing 

fluoride, CPP-ACP, potassium nitrate or n-HAP either 

after in-office bleaching or added to bleaching agent 

did not affect the color change.

2. Microhardness of enamel increased 14 days after 

in-office bleaching used with desensitizing agents.

3. Ca, P contents and Ca/P ratios did not change 

14 days after bleaching. The F content increased in 

groups that contained only fluoride [G2 (S&F) and G6 

(S-F mixture)] one day after bleaching.
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