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Background: In this study, the bleaching effect and surface damage of two types of over-the-counter home tooth bleaching 

agents were explored using an in vitro study of bleaching agents applied to bovine teeth specimens for 14 days.

Methods: Domestic over-the-counter home tooth bleaching agents of gel and patch form that shared common active ingredients 

and manufacturers were selected and tested. The experiment specimens were made using composite resin with bovine tooth 

samples and then measured the initial microhardness. Specimens were then divided into a Gel group and a Patch group and 

underwent bleaching treatment once a day for two weeks for 30 to 60 minutes (recommended) or 7 hours. All specimens were 

coffee-stained prior to bleaching. The bleaching effect was measured using a spectrophotometer and surface damage was 

measured using a microhardness meter.

Results: The difference in color following the bleaching procedure was positive in both the Gel and Patch group, although there 

were no statistically significant differences in bleaching effect between groups. There was no significant difference in bleaching 

effect based on duration. The microhardness test revealed that both the Gel group and the Patch group had surface damage after 

bleaching. The greatest surface damage was found in the Patch group that had undergone a 7-hour bleaching treatment, 

although the differences were not statistically significant.

Conclusion: The bleaching effect of the home tooth bleaching agent was visible to the naked eye. However, longer applications 

than recommended did not result in greater bleaching, unlike consumers’ expectations, and instead increased the chance of 

enamel damage. As such, there is a need for consumers to be alert and adhere to recommendations provided by each company.
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Introduction

Appearance-altering behavior to create an all-appealing, 

extroverted image has become one of the dominant 

cultures of daily life in the current generation along with 

the desire to enhance one’s appearance1). In particular, the 

desire for clean, white teeth manifest in various ways, 

including undergoing laminate or tooth bleaching procedures2-4). 

Tooth bleaching is a procedure in which stained teeth 

are bleached white, which can be categorized as follows: 

in-office bleaching, where the individual receives treatment 

at a dentist’s office; home bleaching, where the bleaching 

procedure is done at home using a personal mouthguard 

and expert supervision; and over-the-counter (OTC) home 

bleaching, where a product is purchased OTC and the 

bleaching procedure is done without expert supervision5). 

Among these, OTC home bleaching is the most popular 

tooth bleaching technique as products can easily be 

purchased online or in stores and does not require a visit to 

the dentist’s office for a personal mouthguard6). OTC 

home bleaching products include whitening toothpastes 

(cream type bleaching agents), patches (coated strip type 
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patches applied onto the tooth surface), and gels (paint-on 

type bleaching agents provided in a tube or syringe)
7,8)

.

Although the exact mechanism of tooth bleaching is not 

known for certain, it has been understood that hydrogen 

peroxide free radicals penetrate through enamel and 

dentine, causing an oxidation of the pigment inside the 

tooth, which results in bleaching
9)

. Hydrogen peroxide, the 

main component of bleaching agents, is a very strong 

oxidizing agent that is colorless and odorless. Close 

attention is required when using hydrogen peroxide as it 

may cause corrosion and chemical burns on the skin, eyes, 

or oral mucosa. During in-office bleaching, a high 

concentration (30% or higher) of hydrogen peroxide is 

often used, although there tends to be strict safety 

protocols in direct interventions by dentists. In contrast, 

home bleaching is conducted in the absence of an expert, 

which may put the user at risk even if low-concentration 

hydrogen peroxide is used
10)

. 

In particular, whitening toothpastes are only used in 

short durations during the brushing process, but patches 

and gels can be applied repeatedly on the tooth surface for 

hours at a time, making them easier to abuse. In fact, side 

effects such as change in the enamel and hypersalivation 

have been reported. Kim et al.
11)

 have also reported that 

even commercially available low-concentration home 

bleaching agents can cause side effects such as hyper-

sensitivity, burns, and damage to hard dental tissue if 

applied for longer than the recommended. 

Nevertheless, most studies on tooth bleaching have been 

on in-office bleaching and those on home bleaching focus 

only on the bleaching effect or ingredients rather than the 

type of product, leading to limited available information 

for consumers aside from promotional information provided 

by manufacturers. Furthermore, an error rate (%) of 71.0% 

(n=233) was reported by Jung and Lee
12)

 in the question 

inquiring whether “more frequent tooth bleaching is 

beneficial for dental health” in their ‘knowledge and 

satisfaction survey on tooth bleaching’, demonstrating 

how tooth bleaching is undertaken without accurate 

knowledge. 

Although Yalcin and Gürgan
13)

 and Zantner et al.
14)

 

have identified and compared the damage from gel- and 

patch-type bleaching agents, the findings from Yalcin and 

Gürgan
13)

 had been applied to esthetic restorations, which 

differs slightly from tooth surface. Meanwhile, Zantner et 

al.
14)

 had used 5.9% hydrogen peroxide, which exceeds the 

legal recommendation of 3% in Korea, making it difficult 

to apply the acquired findings into the Korean context. 

Korean studies on bleaching patches and gels had been 

conducted by Park et al.
15)

 and Kim et al.
16)

. However, Park 

et al.
15)

 compared products with different components–a 

2.5% hydrogen peroxide patch and a 10% carbamide 

peroxide gel. Kim et al.
16)

, on the other hand, demon-

strated only positive bleaching effects as the authors were 

affiliated researchers of the manufacturer. Needless to say, 

risks such as surface damage were not included in the 

studies.

As such, this study recognizes the need for further 

research on Korean OTC home bleaching agents for safe 

and informed consumer decisions on home bleaching 

products. The purpose of this study, thus, is to identify the 

bleaching effect and the extent of enamel damage of 

different types of bleaching agents from a selection of gel- 

and patch-type products with identical active ingredients. 

Materials and Methods 

1. Materials

Ninety-six bovine teeth were extracted using forceps to 

prepare the specimens. Among these, 70 healthy teeth 

without caries were selected and soft tissue and stains 

were removed using an ultrasonic scaler.

Gel- and patch-type bleaching agents with common 

main active ingredients and manufacturers that differed 

only in type were selected among 12 Korean home 

bleaching products (Lumini S Gel, OTKCNT Co. Ltd, 

Seoul, Korea; Lumini S Patch, OTKCNT Co. Ltd; Perio 

46cm white now pro Gel, LG Household & Health Care 

Ltd, Seoul, Korea; Perio 46cm white now pro Patch, LG 

Household & Health Care Ltd). In all products used in the 

study, 35% hydrogen peroxide solution was the main 

active ingredient, which contained 2.9∼3.0% hydrogen 

peroxide. 
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Fig. 1. Specimens exposed only the expected areas of application. 
Fig. 1 is a picture of the experimental specimens before whitening 
treatment. After coffee coloring, all the specimens surfaces were 
coated with foil except for the application area (4×7 mm) so that 
all samples were exposed at the same size.

2. Procedure 

1) Specimen production

Highspeed handpiece (SKU: H2050; iM3Vet Pty Ltd, 

Vancouver, WA, USA) and Diamond bur (TF-21, TR-11, 

TR-20, TF-13C, RS-11; Mani, Inc., Utsunomiya, Japan) 

were used to section the bovine teeth into four parts by 

labial (buccal), lingual and proximal surface. Each dissected 

specimen was trimmed to pieces 7×12×2 mm in size. 

Afterwards, rectangular acrylic resin (Lang Denture Resin 

Acrylic Self Cure Pink; Henry Schein, Inc., Melville, NY, 

USA) molds were prepared. Prior to curing the mold, the 

sectioned bovine teeth were inserted into the resin and 

secured. As a result, 198 specimens were produced in 

total.

2) Microhardness pre-measurement 

The Vickers hardness number (VHN) (kgf/mm
2
) of all 

specimens prior to bleaching was measured using a 

microhardness meter (DMH-2; Matsuzawa Co, Tokyo, 

Japan). Applying a vertical load of 9.087N for 10 seconds 

on the surface of the measurement area to create a 

diamond-shaped indentation, the axis of indentation was 

measured. In order to reduce measurement errors, two 

measurements were taken per specimen. Six sections 

(anterior labial, lingual and proximal surfaces, and posterior 

buccal, lingual and proximal surfaces) were included, 

although specimens with hardness measurements that 

were too high or too low were excluded
17,18)

. Finally, a 

total of 54 specimens within the average 75∼85 VHN 

were selected.

3) Staining and grouping

All specimens were stained by immersion in staining 

solution for 24 hours. Based on findings of previous 

research on beverages that cause extrinsic tooth dis-

coloration that reported coffee as resulting in the greatest 

discoloration, sugar-free Americano (Maxim original; 

Kraft Foods Holdings Singapore Pte. Ltd., Seoul, Korea) 

was used to stain the specimen for one day in this study
19, 20)

. 

The 48 specimens were divided in half into a Gel group 

and a Patch group, and then the remaining six were stored 

separately as reference samples (n=6*1) for bleaching 

effect measurements. Groups of specimens were 

comprised of an even mix of the six sections (anterior 

labial, lingual and proximal surfaces, and posterior buccal, 

lingual and proximal surfaces). In order to ensure 

consistency in the surface area to be put under bleaching 

treatment, only the area to be bleached was exposed and 

the rest of the specimen was wrapped in aluminum foil as 

demonstrated in Fig. 1. The bleaching surface dimensions 

were determined based on the smallest area after 

measuring the flattest and least damaged portion in 

specimens. The dimensions of the final application area 

were 4×7 mm.

4) Bleaching treatment 

The bleaching treatment was performed for the re-

commended time (30∼60 minutes) and 7 hours for each 

group. Here, the 7 hours was based on the average 

sleeping hours of Koreans as published in the ‘Korea 

National Health and Nutrition Survey’ from 2009∼

2015
21)

. In the Gel group, 0.2 ml of bleaching gel was 

applied to the tooth surface using a 1 ml syringe 

(KOVAX-syringe 1 ml; Korea vaccine Co. Ltd, Seoul, 

Korea). In the Patch group, a bleaching patch was cut into 

4×7 mm strips and placed on the tooth surface. In order to 

create an environmental condition similar to that of the 

oral cavity, the specimen was placed on a dampened 5×5 
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mm gauze (Absorbent Gauze; Soosung Corp, Ltd., 

Yangsan, Korea) and stored within a 37
o
C Incubator 

(OF-12GW; Jeioteck Co., Daejeon, Korea). Afterwards, 

distilled water was used to rinse the specimens in order of 

application, which were then stored again in the 37
o
C 

Incubator until the next bleaching treatment. The bleaching 

treatments were carried out for 14 days as according to the 

recommendations provided by the manufacturer
22)

. That 

is, the bleaching treatment, rinsing and storage of 

specimens in the experimental groups were repeated for 

14 days. 

5) Evaluation

(1) Measurement of bleaching effect

After the 14 days, a spectrophotometer (DR 2700 

HACH; Hach Sales & Service Canada Ltd, Loveland, CO,  

USA) was used to measure the bleaching effect in each 

experimental group. After cleaning the tooth surface with 

distilled water and drying it, two measurements were 

taken in each specimen using the specular component 

included mode and standard light source D65 settings. The 

average value from the measurements were selected as the 

Commission Internationale de l'Eclairage (CIE) L*a*b* 

(CIELAB color space, 1976) value for each tooth. The 

CIE L*a*b* color space referred to in this study is a 

method of measuring color change, defined in 1976 by the 

CIE
23)

. The degree of discoloration (△E*ab) of the 

specimens in the experimental group can be evaluated by 

comparison to the measurement values obtained for the 

reference samples. Values of △L*, △a*, △b* can be 

used to calculate △E*ab. △L* indicates lightness in the 

range of 0∼100. △L*=0 defines black, while △L*=100 

defines white (maximum lightness). △a* indicates green 

(−) and red (+), while △b* indicates blue (−) and 

yellow (+). The values represented in the a and b axes 

range between −120∼+120. The values of △a*=0 and 

△b*=0 indicate a saturation of 0 (e.g., grey) and it is 

understood that the greater the absolute value of ab, the 

greater the saturation. Sample specimens that had not 

undergone bleaching treatment were used to examine the 

bleaching effect on specimens in the experimental group 

and the color change (△E*ab) was converted using 

formula (1) below (△L*: white-black, △a*: red-green, 

△b*: yellow-blue):

△E*ab=(△L*2
+△a*2

+△b*2
)

1/2
 (1)

(2) Measurement of microhardness 

To determine the extent of tooth enamel damage, VHN 

measurements were taken once more using the same 

procedure following the bleaching treatment using a 

microhardness meter. The percentage microhardness loss 

(PML) (%) was calculated using formula (2) below 

(VHN(B): initial microhardness value, VHN(A): post- 

treatment microhardness value):

PML (%)={(VHN(B)−VHN(A))/VHN(B)}×100 (2)

3. Analysis

Data collected from the spectrophotometer and micro-

hardness meter were analyzed using IBM SPSS Statistics 

Ver. 23.0 (IBM Corp., Armonk, NY, USA) under the 95% 

significance level. The mean and standard deviation of 

each group were calculated to determine whether a 

significant difference was present in the bleaching effect 

and surface damage between the experimental groups. The 

discoloration between experimental groups was analyzed 

using a parametric t-test according to the normal 

distribution. Meanwhile, the change in microhardness was 

analyzed using the non-parametric Mann–Whitney test as 

the microhardness measurements did not follow a normal 

distribution pattern. 

Results

1. Comparison of bleaching effect

All △E*ab values were positive, indicating a significant 

bleaching effect. A comparison of the bleaching effects in 

the Gel and Patch groups that had been exposed to the 

bleaching agent for the recommended time revealed a 

△E*ab of 23.51 for the Gel group and a △E*ab of 19.60 

for the Patch group, indicating a slightly greater bleaching 

effect in the Gel group, although the difference was not 

statistically significant (p=0.129, Table 1). When exposed 

to the bleaching agent for 7 hours, the value of △E*ab for 

the Gel group was 23.92 and 21.12 in the Patch group, 
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Table 1. Whitening Effect

 Time Type △E*aba p-value

Recommended time Gel 23.51±4.84 0.129

Patch 19.60±7.10

7 h Gel 23.92±4.74 0.164

Patch 21.12±6.21

Values are presented as mean±standard deviation.
aThe color brightness value after whitening.

Table 2. Surface Damage

Time Type PMLa (%) p-value

Recommended time Gel 36.55±21.99 0.644

Patch 10.95±71.37

7 h Gel   0.35±72.90 0.326

Patch 39.55±120.66

Values are presented as mean±standard deviation.
PML: percentage microhardness loss.
aMicrohardness damage value after whitening.

where the bleaching effect in the Gel group was still 

greater, although not statistically significant (p=0.164, 

Table 1). 

2. Comparison of surface damage

The pre- versus post-intervention PML (%) value were 

all positive, indicating a decrease in microhardness in all 

specimens following the bleaching treatment. The 

decrease of microhardness in the Gel and Patch groups 

that had undergone the bleaching treatment for the 

recommended time were 36.55% for the Gel group and 

10.95% for the Patch group, indicating greater surface 

damage in the Gel group, although the difference was not 

statistically significant (p=0.644, Table 2). When exposed 

to the bleaching agent for 7 hours, the PML of the Gel 

group and Patch group were 0.35% and 39.55% 

respectively, indicating greater surface damage in the 

Patch group, but this difference, too, was not statistically 

significant (p=0.326, Table 2). 

Discussion

One’s appearance is determined by a variety of factors 

including the presence of absence of teeth, as well as their 

form, arrangement and color. The aesthetics of anterior 

teeth, in particular, play an important role in determining 

an individual’s first impression. As the interest in beauty is 

higher than ever due to recent economic prosperity, people 

have the tendency to wish to have whiter teeth than others 

in their social group24).

Following the release of the Nightguard home bleaching 

technique using 10% carbamide peroxide in 1989 by 

Haywood and Heymann25), home bleaching out of the 

dentist’s office became commercialized. Recently, with 

development of more convenient OTC home bleaching 

products that are more consumer-friendly, the demand for 

home bleaching has further increased. Nonetheless, as 

mentioned in the Introduction section, research on the 

safety of tooth bleaching have mostly focused only on 

in-office bleaching using high-concentration hydrogen 

peroxide, with insufficient research on home bleaching 

techniques that use relatively lower concentrations of 

hydrogen peroxide. OTC home bleaching agents, especially, 

are increasingly diverse in form, leaving most consumers 

to rely only on information provided by manufacturers in 

distinguishing between the different products. Consequently, 

accounts of adverse events from home bleaching from 

consumers are also increasing6). As such, this study aimed 

to provide basic data on home bleaching products by 

comparing the bleaching effect and surface damage 

attributed to Patch- and Gel-type bleaching agents, among 

commercially available home bleaching products. 

First, the CIE L*a*b* values and color change (△E*ab) 

were calculated in order to assess tooth bleaching effects. 

Gross and Moser26) established that a △E*ab value 

between 0∼2 indicates a color change that is invisible to 

the naked eye, a value between 2∼3 indicates a color 

change just visible to the naked eye, a color change value 

within the range of 3∼8 is distinguishable by the naked 

eye, and a value above 8 is apparent. Ruyter et al.27) also 

established that since a color change over 3.3 was 

distinguishable to the naked eye, a color change below 3.3 

would not be clinically significant. According to the 

findings of this study, the average color change was 

sufficiently distinguishable at △E*ab=22.12. Similar findings 

were reported in a previous study by Bahng et al.24) where 

a color change of 18.8 was observed in a group treated 
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with a Gel-type bleaching agent containing 3.0% hydrogen 

peroxide. The reason why the color change values were 

greater than the standards put forth by Gross and Moser
26)

 

in the two studies may be attributed to the fact that the 

specimen used had undergone an artificial tooth surface 

staining process. For instance, in a previous study by Kim 

et al.
11)

, where the bleaching process took place without 

previous staining, the average color change was △E*ab= 

3.40, but in the case of another study by Kim et al.
16)

 that 

used specimens that had undergone a staining process, a 

greater color change of △E*ab=34.02 was detected.

In terms of bleaching effect by the time exposed to the 

bleaching agent, it has typically been understood that 

longer exposure led to a greater bleaching effect. Previous 

research from Monaghan et al.
28)

 also demonstrated, 

following a 2-week experiment, that bleaching effect was 

significantly greater with longer exposure. However, in 

this study, the difference in △E*ab values of the specimens 

exposed for the recommended time and those exposed for 

7 hours were 0.41 for the Gel-type and 1.52 for the 

Patch-type, indicating a color change within the 0∼2 

range, indicating that the color change was invisible to the 

naked eye. In other words, there was no additional 

bleaching effect with longer exposure time, which 

contradicted the aforementioned statement that longer 

exposure resulted in greater bleaching effect. Such 

differences may be attributed to the different safety 

management standards of domestic versus foreign home 

bleaching agents. The home bleaching product used by 

Monaghan et al.
28)

, for example, demonstrated additional 

bleaching effects with additional exposure as it contained 

over 10% hydrogen peroxide, whereas the home bleaching 

product used in this study contained 2.9∼3% hydrogen 

peroxide (35% hydrogen peroxide solution), which may 

explain why no additional bleaching was observed with 

longer exposure. As the OTC tooth bleaching products 

sold in Korea cannot exceed a relatively low 3% hydrogen 

peroxide concentration, it is not to be expected that an 

extended duration of treatment would result in greater 

bleaching effects. 

In terms of bleaching effect based on application type, a 

previous study by Kim et al.
16)

 demonstrated that the 

Patch-type had an approximately 27% greater bleaching 

effect than the Gel-type. It was also reported that such 

results could be attributed to the fact that the Patch-type 

was more thoroughly adhered to the tooth surface, 

delivering the bleaching agent more effectively, in one 

direction. However, the results obtained in this study 

contradicted previous study findings. The bleaching effect 

observed in the Gel-types was higher in both the group 

exposed to the bleaching agent for the recommended time, 

as well as the group exposed for 7 hours, not to mention 

that the difference was not statistically significant. For 

this, additional research with a longer treatment and 

experimental duration will be needed in the future. 

Although the exact mechanism of tooth bleaching has 

not yet been known, it has been understood that hydrogen 

peroxide, its main active ingredient, is broken down inside 

the oral cavity to form active oxygen, which then 

penetrates into the teeth and reacts with the substances that 

caused discoloration, thus resulting in a bleaching 

effect
29)

. During this process, pores are formed on the 

surface of the enamel due to demineralization, which 

results in irregular prisms that reduce resistance towards 

caries and abrasion
30)

.

Microhardness tests can be used as a method to measure 

surface damage. In this study, the microhardness level 

(VHN) was measured to identify the degree of surface 

damage (PML), which demonstrated an approximately 

10∼36% decrease in microhardness upon recommended 

exposure to bleaching treatment. Similarly, in a study by 

Jung and Lee
31)

, who measured the pre- and post-treatment 

microhardness (VHN) by the same method, microhardness 

scores of 250.7 PML pre-treatment and 142.5 PML 

post-treatment were reported, demonstrating an appro-

ximately 43.15% decrease in microhardness. Here, the 

higher surface damage observed by Jung and Lee
31)

 can be 

attributed to the longer exposure of the specimens to the 

bleaching agents. In this study, a 35% hydrogen peroxide 

solution was used for 2 weeks, while Jung and Lee
31)

 used 

a 15% hydrogen peroxide solution for 4 weeks, which 

resulted in greater surface damage despite using a lower 

concentration hydrogen peroxide solution. In a study by 

Lee et al.
32)

 who used a bleaching agent of the same 

hydrogen peroxide solution concentration as used in this 

study (35%) for bleaching treatments 30 minutes, 1 hour 
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and 2 hours in duration for 1- and 2-week periods each, an 

increasingly significant decrease in microhardness was 

reported, reinforcing the occurrence of greater surface 

damage with longer exposure. As such, most previous 

research reported a decrease in surface microhardness 

following bleaching treatment despite differences in 

microhardness scores based on duration of exposure and 

bleaching agent used, supporting the results of this 

study
33)

. Nevertheless, some previous research demonstrated 

an increase in microhardness following bleaching 

treatment
14,34)

. Such results, however, seem to have 

derived from factors such as using a bleaching agent 

containing fluorine or storing the specimen in artificial 

saliva. It is presumed that fluorine and the remin-

eralization components in saliva inhibited the demin-

eralizing effect of the bleaching agent. In fact, remin-

eralization was observed by both Zantner et al.
14)

, who 

reported a 12∼40% surface damage following bleaching 

treatment but stored the damaged specimen in artificial 

saliva for 6 weeks, and Attin et al.
35)

, who used a bleaching 

agent containing fluorine. Such findings may imply the 

need to use fluorine-containing bleaching agents or follow 

up a bleaching treatment with a fluorine treatment in the 

future. 

With regards to surface damage in Gel- and Patch-type 

bleaching products, Yalcin and Gürgan
13)

 reported greater 

surface damage from Patch-type bleaching products, 

although in this study, the difference in surface damage 

between the Gel and Patch groups were not statistically 

significant. Nonetheless, the surface damage in the Gel 

group was higher upon recommended exposure, while the 

surface damage in the Patch group was higher upon 7 

hours of exposure. Overall, the Patch group exposed to 

bleaching treatment for 7 hours demonstrated the greatest 

decrease in microhardness across all experimental groups. 

In a previous study by Zantner et al.
14)

, as well, a greater 

reduction in microhardness was observed in the use of 

Patch-type bleaching products, based on the pre- and 

post-treatment difference in Knoop Hardness Number of 

63.4 and 92.2 in the Gel group and Patch group, 

respectively. Such results can be attributed to the 

difference in the duration of action of each application 

type. For instance, Gel-type products have an advantage of 

coating uneven tooth surfaces with their liquid consistency 

unlike their Patch-type counterparts, but quickly become 

inactive as the bleaching agent is constantly in contact 

with saliva
16)

. On the other hand, Patch-type bleaching 

agents, comprised of a thin, flexible polyethylene film that 

is coated on one side with a bleaching agent with a low 

moisture content, can be adhered securely to the tooth 

surface with the other side of the film acting as a 

protective barrier against saliva to prevent the dilution of 

the bleaching agent
16)

. It is presumed that the Patch-type 

products used in previous studies also demonstrated 

significantly greater surface damage than Gel-type 

products for the same reasons, whereas a statistically 

significant difference was not observed in this study due to 

its use of in vitro experiments where the condition of the 

oral cavity could not be perfectly reproduced. Despite this, 

greater surface damage was observed in the Patch-type 

bleaching products in this study as well, as the patches 

remained adhered to the specimen for 7 hours in spite of 

the 37
o
C, 100% humid incubator condition. Therefore, 

further studies complementing the limitations of an in 

vitro study using in vivo or in situ study designs may be 

needed in the future to evaluate the safety of bleaching 

agents.

In conclusion, it is evident from the results of this study 

that there is no greater bleaching effect with prolonged 

treatment past the recommended duration as expected by 

consumers, but rather an increased potential for enamel 

damage. Mor et al.
36)

 reported that the surface microdamage 

caused by hydrogen peroxide could significantly increase 

the surface adhesion of bacteria, while Goldberg et al.
37)

 

reported that such surface damage could cause additional 

exogenous staining, increasing the possibility of discoloration. 

Therefore, there is a need for manufacturers to convey not 

only the cosmetic function of the products, but also the 

risks involved with their use, and for consumers to be 

cautious and follow the manufacturers’ recommendations. 

Additionally, as the Patch-type did not have a greater 

bleaching effect compared to the Gel-type, but rather a 

risk of additional surface microdamage with prolonged 

use due to its adhesive property, there is a need for 

Patch-type bleaching products to be removed promptly 

after the recommended duration. In conclusion, this study 
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explored the bleaching effect and safety of bleaching 

products by type and may be used as basic data to inform 

consumers’ choices of home bleaching products.
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