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Abstract

Introduction

	 The purpose of this research was to investigate the effect of bleaching methods on teeth that have a 

resin impregnated layer. Half of the buccal of 40 extracted maxillary premolars were luted with orthodontic resin 

cement and smooth polished with a tungsten carbide bur. The other half was used as a control group. The initial 

color difference between both halves was unnoticed (∆E<3). Teeth were divided into the following four groups: 1) 

bleached with 10 % carbamide peroxide for 8 hours per day; 2) bleached with 20 % carbamide peroxide for 8 hours 

per day; 3) in-office-bleaching with 40 % hydrogen peroxide every 6 days, and 4) in-office-bleaching with 40 % 

hydrogen peroxide (1 day) followed by 10 % carbamide peroxide for 8 hours per day. The difference of color (∆E) 

between the cemented site and the controlled site was evaluated every three days using VITA Easyshade®V. The 

bleaching procedures were continued until the ∆E less than 3. On day 3 of bleaching, the difference of color  

between resin impregnated area and controlled area obviously increased in all the groups (∆E>3). Group 3 showed 

the highest color contrast followed by groups 2, 4 and 1 respectively. At day 6, the only increase in contrast was 

with group 1 while the other group decreased. The unnoticeable color difference (∆E<3) of group 3 was at day 6, 

of group 4 and 2 were at day 9 and of group 1 was at day 15. All bleaching methods created color-mismatch. A 

high concentration of bleaching gel caused a high contrast. However, it could reduce the contrast faster.
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	 A common problem in esthetic dentistry is 

tooth discoloration. Its etiological factors are intrinsic, 

extrinsic and internalized stains1 that can be managed 

by tooth bleaching such as in-office or home bleaching.2,3 

Previous studies showed the safety of the tooth bleaching 

for the treatment of tooth discoloration.2,4,5

	 In the case of fixed orthodontic treatment, the 

resin impregnated layer usually remains on the enamel 

after debonding and polishing. It extends for a distance 

of 11.8 - 18.9 µm into the enamel surface, sometimes 

reaching up to 100 µm into the tooth.6,7 A total removal 

of this cement would decrease the enamel thickness



J DENT ASSOC THAI VOL.69 NO.1 JANUARY - MARCH 201954

Materials and Methods
Specimen preparation

	 Forty extracted human maxillary premolars 

were collected. The teeth were cleaned using dental 

scaler and polished with a fine pumice slurry using a low 

speed handpiece. The teeth were inspected for signs 

of cracks, decay, and restoration by stereo microscope 

(Stereo Microscope SZ61, Olympus, Japan). Only sound 

teeth were included into the experiment. The selected 

teeth were stored in 0.1 % thymol solution at 37°C 

(degrees Celsius).

	 The individual silicone jig for locating the  

experimental area was prepared for each tooth. Two circular 

holes, 6 mm. in diameter, were made at mesio-buccal 

and disto-buccal aspects of the tooth. The color of the tooth 

at both holes was measured using a spectrophotometer 

(VITA Easyshade® V, Vivadent, Brea, CA, USA) and the 

average values, from the four measurements, of both 

holes were compared and calculated for color difference 

(∆E). A tooth that has a color difference between both 

areas less than 3 (∆E<3) was included into the experiment. 

The disto-buccal area was used as the control and the 

mesio-buccal area was used as the experimental area. A 

bleaching tray with 1 mm.-thick space at buccal aspect, 

for each tooth, was fabricated. The positioning of the 

silicone jig and bleaching tray on each tooth could be 

repeatable. The specimen preparation flow chart was 

shown in Figure 1.

and hardness.8 This resin impregnated layer may interfere 

with the diffusion of bleaching agents and prolong the 

process of tooth bleaching.9,10 Using 10 % carbamide 

peroxide home bleaching, the mismatched color between 

the resin impregnated area and the surrounding area 

are noticeable during the first week which reduced the 

esthetic and self-confidence of the patient.9

	 Nowadays, there are several methods and 

procedures used for tooth bleaching, including home 

bleaching, in-office bleaching and a combination of 

these two. Therefore, our study is conducted to investigate 

the effect of different bleaching methods on a resin 

impregnated tooth.

Figure 1	 Specimen preparation.

Resin Impregnated layer preparation

	 A silicone jig was placed on the tooth and a 

mesio-buccal area was etched with 37 % phosphoric acid 

for 30 seconds, rinsed with spray-water for 30 seconds, 

primed and luted with a clear light-cured orthodontic 

adhesive cement (Transbond XT, 3M/Unitek, Monrovia, 

CA, USA) of about 0.5 mm. thick. The cement was 

pressed against the tooth surface using a transparent 

cylindrical crystal with a diameter of 6 mm. Light (1,100-

1,330 mW/mm2) from the light curing unit (DemiTM Plus, 

Kerr, USA) was applied through the crystal for 40 seconds. 

The silicon jig was removed and light from the light curing 

unit was applied on the cement for 20 seconds. The 

specimen was stored in distilled water for 24 hours at 37°C.

	 The cement polishing was carried out with a 

slow speed 30-fluted tungsten carbide bur (Shofu dental 
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corporation, Japan) without water.11 The bur was 

changed after 5 specimens were polished. The polishing 

was stopped when the cement was reduced to the same 

level of the tooth surface. The specimen was polished 

with a pumice without fluoride for 30 seconds and was 

rinsed with 20 ml of distilled water. The polished area 

was checked to confirm the resin impregnated layer 

using stereomicroscope (Stereo Microscope SZ61,  

Olympus, Japan) at X40 magnification. The silicone jig 

was re-positioned and the color at mesio-buccal and 

disto-buccal areas of the tooth was measured again. 

Tooth with a color difference between both areas was 

less than 3 (∆E<3) was subjected to the next procedure 

(bleaching). A resin Impregnated layer preparation flow 

chart was shown in Figure 2.

Figure 2	 Resin Impregnated layer preparation flow chart.

Bleaching protocols

	 The teeth were mounted on acrylic resin blocks and assigned into 4 groups of 10 teeth each (Table 1).

Table 1 Groups of experiment

Group Bleaching agent Bleaching time Teeth

   1

   

   2

   

   3

   

   4

10 % Carbamide peroxide

(Home bleaching)

20 % Carbamide peroxide

(Home bleaching)

40 % Hydrogen peroxide

(In-office bleaching)

40 % Hydrogen peroxide  +  10 % Carbamide peroxide

(In-office bleaching)              (Home bleaching)

8 hours a day

8 hours a day

2 cycles in day 1 and repeated the same 

procedure every 6 days

2 cycles in day 1 and 8 hours a day for 

home bleaching

10

10

10

10

Group 1:	 Specimens were bleached with 10 % carbamide peroxide (Opalescence 10 %, Ultradent, USA)

Group 2:	 Specimens were bleached with 20 % carbamide peroxide (Opalescence 20 %, Ultradent, USA)

Group 3:	 Specimens were bleached with 40 % hydrogen peroxide (Opalescence Boost 40 %, Ultradent, USA)

Group 4:	 Specimens were bleached with 40 % hydrogen peroxide (Opalescence Boost 40 %, Ultradent, USA) in day 1 

	 followed by 10 % carbamide peroxide (Opalescence 10 %, Ultradent, USA)

The mean of ∆E of all groups before being subjected to the bleaching procedure was not significantly different (p<0.05) using one-way ANOVA.

	 In group 1 and group 2, the bleaching tray with 

gel was applied to the tooth. All specimens were stored 

in artificial saliva without fluoride (Artificial saliva, Faculty 

of Dentistry, Chulalongkorn University, Thailand) for 8 

hours in a closed container with 100 % humidity at 37°C. 

After bleaching, all specimens were stored in artificial 

saliva without fluoride for 16 hours in a closed container 

at 37°C. The bleaching agent and artificial saliva was 

changed every day. The tooth color at both areas was 

measured every 3 days until the color difference was 

less than 3 (∆E<3).
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	 In group 3, at day one, the bleaching agent was 

applied in a bleaching tray and applied to the tooth for 

2 cycles (20 minutes per cycle).12 The tooth color at 

both areas was measured after each cycle. All specimens 

were stored in artificial saliva without fluoride in a closed 

container at 37°C. The same bleaching protocol was 

repeated every 6 days. The tooth color at both areas 

was measured after each cycle of bleaching and every 

3 days after bleaching. The same procedure was repeated 

until the color difference was less than 3 (∆E<3). 

	 In group 4, at day one, the 40 % hydrogen 

peroxide bleaching agent was applied in a bleaching 

tray and applied to the tooth for 2 cycles (20 minutes 

per cycle).12 The tooth color at both areas was measured 

after each cycle. All specimens were stored in artificial 

saliva without fluoride in a closed container at 37 °C for 

1 day. After that, specimens were bleached with 10 % 

carbamide peroxide for 8 hours a day. During and after 

bleaching, specimens were stored in artificial saliva 

without fluoride in a closed container at 37°C. The 

bleaching with 10 % carbamide peroxide for 8 hours a 

day was continued and tooth color at both areas was 

measured every 3 days until the color difference was 

less than 3 (∆E<3). The research proposal was approved 

by the Ethics Committee of the Faculty of Dentistry, 

Chulalongkorn University. The study code was HREC-DCU 

2017-090.

	 Significant difference of the mean of ∆E of all 

groups before subject to bleaching procedure was 

analyzed using one-way ANOVA.

	 The data after bleaching was analyzed using 

descriptive statistical analysis.

	 Mean and standard deviation of color difference 

(∆E) between the resin impregnated area and the 

controlled area before and after bleaching is shown in 

Figure 3.

Statistical Analysis

Results

Figure 3	 Mean and standard deviation of ∆E.
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	 In Group 1, the color difference between two 

areas was increased during bleaching. The highest color 

difference (∆E = 7.69±5.55) was shown on day 6. After 

that, the color difference was reduced and the ∆E was 

less than 3 at day 15 (∆E = 1.99±1.30). On day 18, the 

∆E was decreased.

	 In Group 2, the color difference between two 

areas was increased during bleaching. The highest color 

difference (∆E = 8.98±5.85) was shown on day 3. When the 

bleaching continued, the color difference was reduced 

and the ∆E was less than 3 at day 9 (∆E = 2.15±1.67). 

From day 9 to day 18, the ∆E is still decreased.

	 In Group 3, the obvious color difference (∆E>3) 

was shown after bleaching gel was applied. The highest 

color difference (∆E = 12.11±8.60) was shown on day 

3. When bleaching was continued, the color difference 

was reduced and the ∆E was less than 3 at first cycle 

of bleaching of day 6 (∆E = 1.64±1.01). After day 6, the 

∆E was increased but still less than 3.

	 In Group 4, at the second cycle of bleaching 

of day 1, the highest color difference (∆E = 10.37±7.46) 

was shown. When the bleaching continued, the color 

difference was reduced and the ∆E was less than 3 at day 

9 (∆E = 2.21±1.82). After day 9, the ∆E was decreased.

	 The specific colorimetric measurement devices 

are faster, more accurate, and more consistent in color 

assessment compared to the human eye.13,14 The device 

applied in this research was Vita Easyshade® V which is 

reliable, user-friendly and accurate. This device is combined 

with the CIELAB color system which is widely used in 

dental research to measure the color of teeth, restorative 

material and the alteration of the tooth color after tooth 

bleaching.15,16 Data from the CIELAB color system can 

be used to calculate color differences (∆E) between areas.

	 ∆E can be related to the visual perception and the 

clinical significance. The higher number of ∆E represents 

more difference of color between the two areas. The 

eye of a normal people can distinguish color differences 

in the range of 3.018-5.23417 while the eyes of a dentist 

can distinguish the color in the range of 2.2-4.4.18 So, our 

study used ∆E which was less than 3 to determine the effect 

of bleaching procedures on the resin impregnated area.

	 A bleaching agent composed of hydrogen  

peroxide that could penetrate into the enamel and dentin 

to interact with the organic chromophore molecules. 

When hydroxyl radicals encounter the stain molecule, 

they convert the chains into simple structure and alter 

the optical properties resulting in the diminished  

appearance of stain.19 Previous studies that investigated 

the effects of a high concentration bleaching agents 

showed alterations of the enamel morphology and 

properties. Microhardness and fracture toughness was 

decreased, while surface roughness was increased. A 

high concentration gel could penetrate into the dentin 

more than one with a low concentration.20-22 In a clinical 

situation, both low and high concentration bleaching 

gels could give similar results in terms of color change. 

However, the use of low concentration bleaching agents 

took a longer period of treatment.23

	 The data from our study showed that the resin 

impregnated area responded to tooth bleaching more 

slowly than the normal area. This layer may prevent 

the movement of bleaching agents and prolong the 

process of tooth bleaching. The color contrast between 

the two areas was visible. Using a high concentration gel 

created a higher contrast than using a low concentration 

gel. This mismatch in color is influenced mostly by the 

color of the normal tooth area which is more responsive 

to the bleaching gel. When the bleaching was continued, 

the difference in color decreased gradually. Active free 

radicals from the gel may freely move to the enamel 

underneath the resin impregnated layer from other 

directions. Previous research10 stated that when the resin 

impregnated tooth was bleached with 10 % carbamide 

peroxide, the color was mismatched during the first 15 

days. However, when the bleaching continued, the 

Discussion
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mismatched color was reduced in 30 days.

	 Using a customized tray over the bleaching 

agent in an in-office bleaching, also referred to as 

“sealed in-office bleaching”, could reduce the amount 

of peroxide and its penetration into pulp. However, this 

technique did not affect the level of sensitivity reported 

by the patient during the procedures. Intensity of tooth 

sensitivity for the first 24 hours was reported after in-office 

bleaching.12 The 40 % hydrogen peroxide bleaching 

could give a better result in color change but there was 

a higher contrast between the two areas more quickly. 

Apart from that, it may also cause higher tooth sensitivity.24 

In clinical practice, in-office bleaching performed without 

a tray results in the use of more peroxide compared to 

the sealed in-office bleaching. Thus, color contrast and its 

decreasing way be shown faster. Bleaching by combination 

of high and low concentration gels (group 4) could 

decrease the color mismatch faster than using a low 

concentration gel only. The result of this study was in 

accordance with a previous research which found that 

in-office bleaching with 40 % hydrogen peroxide followed 

by home bleaching with 10 % carbamide peroxide could 

whiten the normal tooth surface faster than only using 

home bleaching.25

	 Tooth dehydration can affect tooth color, 

translucency of enamel, and the dynamics of water in 

enamel and dentin. The bleaching products have a 

component that is used as a vehicle for active peroxide 

substances called glycerin. Glycerin can absorb water 

on its own and produces dehydration of tooth. Previous 

study26 that used bleaching gel contains 86 % glycerin 

and ethanol showed the dehydration in bovine teeth, 

which may result in a lighter tooth color. All bleaching 

gels used in our study contain glycerin, so dehydration 

of tooth may occur and lighten the tooth color. To 

rehydrate the tooth, it was recommended that the tooth 

should be soaked in artificial saliva or distilled water for 

at least one hour to complete the hydration.27 In our 

study, all specimens in the home bleaching groups were 

stored in artificial saliva without fluoride for 16 hours 

to rehydrate before color measurement. Therefore, the 

change of color in these groups was due to tooth 

bleaching only. On the other hand, the tooth color in 

the in-office groups was immediately measured after 

every cycle of bleaching. Therefore, the change of tooth 

color was the effect of tooth bleaching and dehydration.

Color relapse after bleaching could happen. Many factors 

might be involved in the relapse of tooth whitening 

such as extrinsic staining from food and beverages and 

the continuous deposition of secondary yellowish dentin 

by the pulp.28 After bleaching procedure was finished, 

we found the color relapse in the group that bleaching 

only with 40 % hydrogen peroxide which the ∆E was 

increased. In this study, a relapse from dietary intake 

could be eliminated. Though, it could not be established 

for certain, it seemed tooth relapse seems to be associated 

with the rehydration of teeth in artificial saliva or due 

to the remnants of adhesive cements. 

	 For clinical applications, all bleaching protocols 

used in this study were effective for whitening the resin 

impregnated tooth. The differences among these protocols 

was the time duration of mismatch and whitening of 

color. Apart from the color result, other side effects 

such as sensitivity and soft tissue irritation should be 

considered. Moreover, a limitation of this study that 

should be considered was the age of the resin impregnated 

layer. In a clinical situation, this layer would be older, at 

least 1-2 years, and be subjected to the oral environment 

resulting in some defects in the layer. Its response to 

bleaching agent might be different from the resin layer 

in our study.

	 All bleaching methods used in this study  

affected the resin impregnated area differently. A highly 

concentrated bleaching gel caused higher color contrast 

than low concentration gel. However, the color contrast 

decreased faster.

Conclusion
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