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Clinical Relevance

This study supports the safety and efficacy of over-the-counter tooth-whitening products
containing 2.9% hydrogen peroxide.

ABSTRACT

Objectives: In this double-blind randomized

study, we evaluated the safety and efficacy of

over-the-counter (OTC) bleaching products

that included 2.9% hydrogen peroxide (H2O2)

with two methods of application: strip and

paint-on.

Methods and Materials: A commonly used
product was selected for each type (strip and
paint-on) of OTC bleaching agent. In total, 75
volunteers were assigned randomly into five
groups: two test groups (strip and paint-on),
two negative control groups (products without
H2O2), and one positive control group (dentist-
supervised home bleaching). The tooth shade
was evaluated with a spectrophotometer and
Vita shade guide at baseline and 2 weeks and 4
weeks after use. To document any adverse
reactions, such as hypersensitivity or tissue
irritation, all patients were examined and the
Gingival Index (GI), Plaque Index (PI), and a
visual analog scale (VAS) measuring the cold
response were obtained.

Results: There were significant differences
among the five groups (p,0.001). The positive
control showed the greatest color changes;
then, in decreasing order, the strip-type test
group, paint-on-type test group, and negative
controls. The strip-type bleaching agent was
significantly more effective than the paint-on-
type agent and the negative control, while it
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was significantly less effective than the den-
tist-supervised home bleaching. Regardless of
the treatment group, the canines showed
greater color changes than did the central or
lateral incisors. Some cases of gingival irrita-
tion and hypersensitivity were observed, but
they were mild and reversible. GI, PI, and VAS
scores were not significantly changed.

Conclusions: Within the limitations of this
study, the results indicated that the strip-type
and paint-on-type OTC bleaching agents were
significantly less efficacious than was dentist-
supervised home bleaching; however, they
showed acceptable safety and efficacy. The
strip-type was more effective than was the
paint-on-type in this study.

INTRODUCTION

Because of increased demand for tooth bleaching and
interest in dental esthetics, various bleaching prod-
ucts and methods have been introduced. Among such
products is a dentist-supervised home bleaching
system with a custom tray. The product was
developed by Haywood and Heymann and offers an
innovative approach to the field of tooth bleaching.1

Since 2000, affordable and convenient over-the-
counter (OTC) products have been manufactured
for the comfort of consumers. OTC products are
categorized based on the delivery method of the
bleaching agent, and include prefabricated trays,
whitening strips, and paint-on applications.2 Prod-
ucts are also available as toothpaste, chewing gum,
mouth rinse, and floss3; however, those products
have lower efficacies compared with strips or paint-
on products.3

Despite the increasing use of OTC at-home
bleaching agents, they may not be as effective as
dentist-supervised bleaching because of their low
concentrations of hydrogen peroxide (H2O2).

2-6 Ad-
ditionally, incorrect use of these OTC agents could
lead to adverse effects.2-6 In addition, there have
been few well-organized clinical trials examining the
efficacy and side effects of OTC bleaching products.
This is particularly true for products containing less
than 3% H2O2.2,4,7-9 Thus, the present study was
conducted to evaluate the efficacy and safety of some
commonly used OTC bleaching products based on
two methods of application (strip and paint-on),
comparing them with negative controls that did not
contain H2O2. The null hypothesis was that there
are no differences in the effectiveness of different
application methods.

METHODS AND MATERIALS

Commercially available tooth-whitening products
were classified according to their application meth-
ods. A negative control containing the same ingredi-
ents as the selected product, except for H2O2, was
manufactured, and for a positive control, a dentist-
supervised home-bleaching product was used. In
total, 75 subjects were recruited who participated in
this randomized, double-blind, and placebo-con-
trolled study.

Commercially Available Tooth-Whitening
Products

Initially, the tooth-whitening products were catego-
rized into strip, paint-on, and gel-tray products, and
a common product was selected from each group.
Claren White Now strips (LG Household and Health
Care, Seoul, Korea), and White Now dental whiten-
ing pen gels (LG Household) were chosen as the strip
and paint-on products, respectively. The same
manufacturer also provided a test gel-tray product
that included 2.9% H2O2. However, the gel-tray
product was excluded from this study due to adverse
effects during a preliminary study. Specifically,
when the gel-type bleaching agent directly contacted
the oral mucosa, it caused soreness.

The selected strip and paint-on products contained
2.9% H2O2. Negative controls containing the same
ingredients as the product, except for the whitening
agent H2O2, were used in the same way as the test
groups. As a positive control, a dentist supervised
home-bleaching product, the Opalescence tooth
whitening gel (Ultradent Products Inc, South Jor-
dan, UT, USA) was used; it contained 10% carbam-
ide peroxide, which is equivalent to 3.62% H2O2.
Treatments were performed twice daily for 30
minutes each, and continued for 4 weeks according
to the manufacturer’s directions and the results of
previous studies.8,10

Selection of Participants

Volunteers over 19 years old interested in tooth
bleaching were recruited to participate after obtain-
ing approval from the institutional review board of
the Ewha Womans University Hospital. Maxillary
and mandibular anterior teeth of volunteers with
good systemic and oral health and mild-to-moderate
tooth discoloration, screened through oral examina-
tions and questionnaires, were enrolled. Subjects
with extensive resin, porcelain restorations, dental
caries and wear, or hypersensitivity due to gingivitis
or periodontitis were excluded (Table 1).
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The experiment was designed to be carried out
with seven groups (three test groups, three negative
controls, and one positive control), but due to
complications in a preliminary study, the gel tray–
type product was removed from the experiment.
Thus, there were, in total, 75 participants, 15 in each
of the five groups (two test groups, two negative
controls, and one positive control). The recruited
subjects were randomly assigned to groups through
a code provided by SAS software. Of the 75
participants, 64 were female, and the overall average
age was 30.3 years (65.95 years).

Application and Analysis of Tooth-Bleaching
Agent

During the first visit, informed consent was obtained
after an explanation of the study, and the corre-
sponding tooth-bleaching agent was provided once
the subject was assigned randomly to a group. To
ensure blinding of the research team, products were
sealed in identical opaque containers, and numbered
by an independent researcher. Thus, neither the
investigators nor the participants knew which
treatment was administered. Both verbal and writ-
ten tooth-bleaching agent application instructions
and precautions were given, and the participants
were told to call immediately in case of an adverse
reaction. In total, three visits, including the first,
were scheduled, and tooth shade improvement and
adverse reactions were evaluated.

Visit 1 (Screening and Baseline)—After an expla-
nation and discussion of the experiment, the volun-
teers were screened using the selection and exclu-
sion criteria. Written consent, demographic
information, and patient histories were collected
from the subjects. Baseline measures were assessed,
and the tooth-bleaching agents were provided after
random assignment to a group. Each participant
received an identifying number as well as a num-
bered product in a sealed, opaque container. Written
instructions were also provided detailing the storage
and application protocols. Participants were in-
structed to avoid food and drinks that might stain
teeth, including tea, coffee, red wine, and red fruits.

To standardize oral hygiene, participants received
soft-bristled, adult toothbrushes and toothpastes
that lacked whitening agents. Participants were
instructed to brush their teeth three times daily for
at least 3 minutes each time for 4 weeks. A
researcher not involved in collecting tooth-color
measurements administered the tooth-bleaching
products to each patient. Tooth-color measurements
were taken by one evaluator using a spectrophotom-
eter, and two or three others using a Vita shade
guide. The evaluators who measured tooth color did
not know to which group each patient belonged.

Visit 2 (2 Weeks)—After using the bleaching agent
for 2 weeks, an effectiveness evaluation was per-
formed. To document any adverse reactions, such as
hypersensitivity or tissue irritation, all patients
were examined through an ocular inspection, de-
tailed questions, hypersensitivity test, and photo-
graphic record.

Visit 3 (4 Weeks)—After using the bleaching agent
for 4 weeks, an effectiveness evaluation was per-
formed, and adverse reactions were documented in
the same way as for visit 2.

Evaluation of Clinical Efficacy

A spectrophotometer, accepted as the gold standard
for verifying the effectiveness of bleaching agents,
and a Vita shade guide, the most commonly used
shade guide in the clinic, were used to measure
changes in tooth shade. All examinations were
performed at the same location using the same light
source while participants assumed the same posi-
tion.

CIE Lab* Spectrophotometer Measurements

After calibration of the spectrophotometer (Spec-
troShade Micro, Verona, Italy), the head of the
instrument was placed near and perpendicular to
the middle third of the labial surface of the anterior
tooth to assess its shade. CIE Lab* was selected for
color specification mode, and measurements were
taken three times each and averaged to be used for
that tooth’s CIE Lab* value. To calculate the similar

Table 1: Criteria Used for Selection and Exclusion of Participants

Inclusion Criteria Exclusion Criteria

1. Good systemic and oral health
2. Moderate and relatively mild tooth discoloration
3. Informed consent from adults over 19 years of age
4. Understands the purpose of the experiment

1. No informed consent
2. Insufficient teeth for bleaching
3. Resin or porcelain restoration in the anterior dentition
4. Pulpal inflammation due to dental caries or wear
5. Hypersensitivity due to gingivitis or periodontitis
6. Excessive discoloration due to drugs or congenital developmental disorder
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DE, the measured L*, a*, b* values were entered in
the equation below.

DE� ¼ ððL2 � L1Þ2 þ ða2 � a1Þ2 þ ðb2 � b1Þ2Þ1=2

where DE is the shade difference; L1, a1, and b1 are
the CIE Lab* values before bleaching; and L2, a2,
and b2 are the CIE Lab* values after bleaching. The
lightness (L) value represents brightness, ranging
from 0 to 100, and the number directly increases
with the brightness. A* and b* values indicate
chroma (þa* [red], �a* [green], þb* [orange], �b*
(blue]), ranging from�60 to þ80, and the larger the
absolute value, the more saturated the color.

Vita shade

According to the traditional method of selecting
the shade most closely matching the tooth, hue
(designated as A, B, C, D) was chosen followed by
the chroma (designated as numbers 1 through 4).
The tooth shade can be classified into 16 steps, and
each step was given a numerical score, which was
used to calculate the difference in the numbers
before and after bleaching (Figure 1). The shades
were chosen using the same method for the 12
maxillary and mandibular anterior teeth. Two
independent researchers determined the shade at
the same time and location. When there was a
disagreement, a more experienced third examiner
participated in the decision. Prior to examination,
all investigators were calibrated using the Vita
shade guides (Vitapan Classical shade guide, Vita
Zahnfabrik, Bad Säckingen, Germany) and using
the sample of 10 patients with characteristics
similar to those of the study subjects. All investi-
gators correctly assigned shades in at least 85% of
cases.

Safety Assessment

During the first visit, the Gingival Index (GI),
Plaque Index (PI), and a visual analog scale (VAS)
measuring the cold response were obtained, and
these values continued to be recorded in the follow-
up visits to evaluate the safety of the tooth whitening
agents.

Gingival Index (GI) by Löe and Silness—Score
Criteria: 0, no inflammation; 1, mild gingival
inflammation and change in color, slight edema, no
bleeding on probing; 2, moderate inflammation and
glazing, erythema, bleeding on probing; 3, severe
inflammation, erythema and hypertrophy, ulcera-
tion, spontaneous bleeding tendency.

Plaque Index (PI) by Löe and Silness—Score
Criteria: 0, absence of plaque; 1, film of plaque
present on the free gingival margin and adjacent
area of the tooth. Plaque observed only after using
disclosing solution or a probe on the tooth surface; 2,
moderate accumulation of plaque in the gingival
pocket, margin, and surrounding tooth surface,
observed with the naked eye; 3, abundance of plaque
in the gingival pocket and margin.

Visual Analog Scale (VAS)—The intensity of
discomfort felt by the patient was marked on a
100-mm horizontal line with the numbers 0 (no pain)
and 10 (severe pain) at each end. All subjects marked
a vertical line indicating the severity of hypersensi-
tivity to cold, tested with an ice stick.

Statistical Analysis

Statistical analyses were performed using the SPSS
software (ver. 21.0; SPSS, Inc, Chicago, IL, USA).
Tooth color changes were analyzed using a linear
mixed model, regardless of tooth location. Statistical
analysis of color change for each tooth type was

Figure 1. Numeric scores of Vitapan Classical shade guide in decreasing order of brightness.
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analyzed using one-way analysis of variance with

Tukey’s multiple comparison test. All values were

considered statistically significant when p,0.05.

RESULTS

Assessment of Shade Improvement

The baseline color parameters for each treatment

group were not significantly different. After bleach-

ing, spectrophotometric assessments revealed an

increase in L and a decrease in chroma (a and b).

Thus, decreased scores were observed using the Vita

shade guide. The positive control showed the highest

color changes in all tooth positions; then, in

decreasing order, the strip-type test group, paint-

on-type test group, and negative controls. The strip-

type bleaching agent was significantly more effective

than was the paint-on-type agent, while it was

significantly less effective than the dentist-super-

vised home bleaching. Regardless of the treatment

group, the canine groups showed greater color

changes than did the central and lateral incisor

groups in both upper and lower jaws (Tables 3-6).

Spectrophotometer

2 Weeks (Table 2 and Figure 2)—In all tooth
locations, the positive control showed a significant
difference vs the other treatment groups, except for
the upper central incisor treated with the strip-type
bleaching agent (p=0.485). When the strip-type and
the paint-on-type were compared, only the canine
groups were significantly different (upper: p=0.01,
lower: p=0.023). When the test group was compared
with the negative control, there was a significant
difference except for the lower central incisor
(p=0.285) in the strip-type. In contrast, the paint-
on-type did not show a significant difference between
the test and negative control groups (p=0.456).

4 Weeks (Table 3 and Figure 3)—In all tooth
locations, the positive control showed a significant
difference compared with the other treatment
groups, except for the upper central incisor treated
with the strip-type bleaching agent (p=0.466).
Between the strip-type and paint-on-type, unlike
the results at 2 weeks, there were significant
differences except for the lower incisors (lower
central incisor: p=0.692, lower lateral incisor:

Table 2: Spectrophotometric Analysis After Bleaching for 2 Weeks

Tooth Location Group

DSHBa Strip Type (Test) Strip Type (-)b Paint-On Type (Test) Paint-On Type (-) P Value

Upper Central incisor 3.20 6 1.32Ac 2.61 6 1.16AB 0.93 6 0.41C 1.58 6 0.85BD 1.32 6 0.98CD ,0.001

Lateral incisor 4.19 6 1.96 2.82 6 1.09A 1.36 6 0.58B 1.59 6 0.97AC 1.21 6 0.98BC ,0.001

Canine 6.21 6 2.51 4.58 6 1.66 1.70 6 0.80A 2.26 6 1.42B 1.50 6 0.71AB ,0.001

Lower Central incisor 3.07 6 1.47 1.87 6 0.87AB 1.13 6 0.93AC 1.64 6 0.98BD 0.99 6 0.62CD ,0.001

Lateral incisor 3.92 6 1.73 2.35 6 1.02A 0.95 6 0.40B 1.66 6 1.04AC 1.14 6 0.51BC ,0.001

Canine 5.44 6 2.35 3.47 6 1.46 1.57 6 0.77 A 1.88 6 0.83B 1.46 6 0.71AB ,0.001

Total 4.34 6 1.71 2.95 6 1.02 1.26 6 0.46A 1.77 6 0.74B 1.27 6 1.54AB ,0.001
a DSHB indicates dentist-supervised home bleaching.
b (-) indicates negative control.
c Same letters indicate that the values are statistically similar for each row (p,0.05).

Table 3: Spectrophotometric Analysis After Bleaching for 4 Weeks

Tooth Location Group

DSHBa Strip Type (Test) Strip Type (-)b Paint-On Type (Test) Paint-On Type (-) P Value

Upper Central incisor 4.27 6 1.36Ac 3.55 6 1.52A 0.88 6 0.25B 1.95 6 1.4C 1.20 6 0.22BC ,0.001

Lateral incisor 5.58 6 1.97 4.11 6 1.68 1.46 6 0.79A 1.94 6 0.95B 1.10 6 0.79AB ,0.001

Canine 08.1 6 2.77 6.16 6 2.42 2.03 6 0.79A 2.53 6 1.48B 1.34 6 0.81AB ,0.001

Lower Central incisor 4.02 6 1.71 2.48 6 0.29A 1.07 6 0.90B 1.87 6 1.51AC 1.38 6 0.23BC ,0.001

Lateral incisor 5.01 6 1.90 3.30 6 1.38A 1.11 6 0.47B 2.19 6 1.41AC 1.44 6 1.07BC ,0.001

Canine 7.11 6 2.87 4.70 6 2.13 1.70 6 0.90A 2.26 6 1.13B 1.50 6 0.75AB ,0.001

Total 5.68 6 1.91 4.05 6 1.48 1.36 6 0.43A 2.12 6 1.09B 1.32 6 0.57AB ,0.001
a DSHB indicates dentist-supervised home bleaching.
b (-) indicates negative control.
c Same letters indicate that the values are statistically similar for each row (p,0.05).
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p=0.173). The strip-type bleaching agent was signif-
icantly brighter than the negative control at all tooth
locations (lower central incisor: p=0.027, others:
p,0.001), but the paint-on-type was not significantly
different from the negative control for any tooth
location using the bleaching agent for 2 weeks more
(p=0.408).

Vita shade guide

2 Weeks (Table 4 and Figure 4)—The positive
control was better than the strip-type only on the
upper canines and lower central incisors (upper
canine: p=0.045, lower central incisor: p,0.001).
Also, compared with the paint-on-type, the positive
control was more effective on the upper canines and
lower central incisors and canines (upper canines
and lower central incisors: p,0.001, lower canine:
p=0.019). The strip-type and the paint-on-type were
not significantly different (p.0.309). The strip-type
was significantly different from the negative control
on the upper lateral incisors and canines and the
lower canines (upper lateral incisor: p=0.046, upper
canine: p=0.045, lower canine: p=0.009). The paint-

on-type was not significantly different, compared

with the negative control, except for the upper

central incisor (p=0.012).

4 Weeks (Table 5 and Figure 5)—For the upper

central incisor, the positive control, strip-type, and

paint-on-types were not significantly different (strip:

p=0.577, paint-on: p=0.147). For lower lateral

incisors and canines, the results after 2 weeks of

using the bleaching agents showed that the positive

control was more effective than the other two types,

but after 4 weeks, the positive control and strip-type

were not significantly different (lower lateral incisor:

p=0.144, canine: p=0.117). The strip-type and the

paint-on-type agents were not significantly different

(p.0.339). The strip-type agent was significantly

effective vs the negative control, but not for the lower

incisors (central incisor: p=0.997, lateral incisor:

p=0.061). The paint-on-type agent after 2 weeks was

significantly effective only on the upper central

incisors. However, after 4 weeks, this agent was

significantly effective on all the upper anterior teeth,

but not on the lower teeth (lower: p.0.333).

Table 4: Color Changes Based on the Vita Shade Guide After Bleaching for 2 Weeks

Tooth Location Group

DSHBa Strip Type (Test) Strip Type (�)b Paint-on Type (Test) Paint-on Type (-) P Value

Upper Central incisor �3.13 6 1.51ABc �1.93 6 1.83ACD �0.70 6 1.62CDE �2.00 6 1.04BD �0.23 6 0.92E ,0.001

Lateral incisor �3.43 6 1.52AB �2.27 6 1.83AC �0.50 6 2.35D �2.11 6 1.64BCE �0.50 6 0.85DE ,0.001

Canine �4.20 6 1.95 �2.50 6 1.72A �0.80 6 1.98B �1.32 6 1.41AC �0.17 6 0.84BC ,0.001

Lower Central incisor �2.97 6 2.07 �0.53 6 0.74AB �0.80 6 1.86AC �0.42 6 0.83BD 0.00 6 1.02CD ,0.001

Lateral incisor �2.77 6 2.17AB �1.80 6 1.58ACD �0.73 6 1.79CE �1.00 6 1.63BDF �0.63 6 1.20EF 0.005

Canine �3.20 6 2.11A �2.00 6 2.15AB 0.37 6 2.23C �0.96 6 1.60BD 0.33 6 1.17CD ,0.001

Total �3.28 6 1.35A �1.84 6 1.01AB �0.52 6 1.39C �1.30 6 0.87BD �0.25 6 0.43CD ,0.001
a DSHB indicates dentist-supervised home bleaching.
b (-) indicates negative control.
c Same letters indicate that the values are statistically similar for each row (p,0.05).

Table 5: Color Changes Based on the Vita Shade Guide After Bleaching for 4 Weeks

Group

DSHBa Strip Type (Test) Strip Type (-)b Paint-on Type (Test) Paint-on Type (-) P Value

Upper Central incisor �3.83 6 1.89ABc �3.00 6 1.85AC �0.53 6 1.30D 2.50 6 1.61BC -0.63 6 0.77D ,0.001

Lateral incisor �5.63 6 2.07 �2.53 6 1.60A �0.50 6 2.64B �3.25 6 2.00A -1.00 6 1.24B ,0.001

Canine �7.13 6 2.09 �4.57 6 2.15A �1.03 6 2.41B �3.14 6 1.76A -4.00 6 1.69B ,0.001

Lower Central incisor �3.13 6 2.13 �0.93 6 1.22AB �0.73 6 1.98AC �0.75 6 1.28BD 0.07 6 1.28CD ,0.001

Lateral incisor �3.70 6 1.82 A �2.27 6 1.59ABC �0.60 6 1.59BD �1.61 6 1.91CE -0.73 6 1.44DE ,0.001

Canine �5.57 6 2.71 A �3.67 6 2.14AB 0.10 6 1.93C �1.46 6 2.34BD 0.03 6 1.29CD ,0.001

Total �4.83 6 1.30 �2.83 6 1.15A �0.54 6 1.40B �2.12 6 0.94A �0.44 6 0.75B ,0.001
a DSHB indicates dentist-supervised home bleaching.
b (-) indicates negative control.
c Same letters indicate that the values are statistically similar for each row (p,0.05).
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Safety Assessment

Each patient in this study completed the Gingival
Index (GI), Plaque Index (PI), and visual analog
scale (VAS). All of them scored 0 or 1 on the GI and
PI at the first visit. After using the bleaching agents,
GI scores of all patients were unchanged, and PI
scores on two patients changed. However, although
these scores changed, they were not considered
indicative of unfavorable conditions because the
maximum score was 1, while most other scores were
0. No significant difference was observed in the VAS
between groups or before or after bleaching (p.0.05;
Table 6). Although no severe gingival irritation or
hypersensitivity was reported, some mild and re-
versible cases of oral mucosal irritation and hyper-
sensitivity were observed. Four patients using the
paint-on-type test product and four patients using
paint-on-type negative control product complained of
mucosal irritation, especially on the lower lip
mucosa. The symptoms subsided within a few
minutes after rinsing out the agent.

DISCUSSION

Although the Vita shade guide is the most commonly
used method of measuring changes in tooth color,
visually discerning the shade is impacted by various

factors, including the light source, color of the
gingiva, makeup, angle of measurement, skill of
the examiner, and eye fatigue.11,12 Also, because the
Vita shade guide has a limited range of colors,
meaning that it cannot provide true CIE Lab* values
and changes in shade cannot be accurately mea-
sured.12,13 However, the spectrophotometer is con-
sidered the gold standard for evaluating the effec-
tiveness of a tooth bleaching agent, due to its high
reproducibility and objectivity.14 Despite this, reflec-
tions on the tooth surface, diameter and direction of
the spectrophotometer tip, and the background
surrounding the tooth can affect shade matching,15

so evaluators must be fully aware of spectrophotom-
eter use. Thus, the error range should be minimized
through appropriate use of the Vita shade guide and
the spectrophotometer, accurate interpretation of
results, and repeated measurements. In this study,
both methods were used to evaluate changes in
shade after bleaching.

These changes were examined using the DE value,
which was calculated with the coordinates of L, a,
and b. A change is considered to be imperceptible to
the naked eye when the DE value is between 0 and 2,
barely perceptible when between 2 and 3, generally
perceptible between 3 and 8, and readily perceptible
when the value is over 8.16 Also, it has been
suggested that a value below 3.3 is clinically

Figure 2. Spectrophotometer: color changes after bleaching for 2
weeks. *p,0.05.

Figure 3. Spectrophotometer: color changes after bleaching for 4
weeks. *p,0.05.

Table 6: Changes in VAS Test Values After Bleaching for 2 or 4 Weeks*

Change in VAS Group

DSHBa Strip Type (Test) Strip Type (-)b Paint-on Type (Test) Paint-on Type (-)

2 wk 0.23 6 6.34 �1.45 6 15.81 3.79 6 8.70 �1.18 6 6.78 1.68 6 5.79

4 wk �3.43 6 8.04 �1.03 6 13.89 �0.52 6 5.92 �4.09 6 9.04 �0.39 6 6.47
a DSHB indicates dentist-supervised home bleaching.
b (-) indicates negative control.
* No statistically significant difference was found between groups or before and after tooth bleaching (p.0.05).
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insignificant, because a change in shade is recog-
nized only when DE is .3.3.17 The International
Organization of Standardization (ISO) strongly
recommends that external tooth-bleaching products
show a DE of at least 2.18 In this study, the strip-type
and paint-on-type test groups did show considerable
tooth color changes. After 4 weeks of bleaching, the
color changes were over 2 in all tooth positions, and
the mean value was 4.05 in the strip-type group. In
the paint-on group, color changes were around 2, and
the mean value was 2.12. These results indicate that
the strip-type and paint-on-type OTC tooth-bleach-
ing agents caused perceptible color changes, and the
values satisfied the recommendations of the ISO.

In this study, there were larger changes in the
canines with darker shades. The amount of shade
change, from most to least, was in the order of
canine, lateral incisor, and central incisor. However,
because canines are usually darker than incisors, it
is appropriate to consider that there is greater
amount of shade change when the tooth has a
darker shade, consistent with the findings of
previous studies.8,19,20 A significant correlation was
reported between the magnitude of tooth color
changes and b* (yellow-blue) values.20 Thus, teeth
of increasingly dark shades of yellow exhibited
greater color changes after bleaching.19

According to the present study, improvement in
shade change was in the order of positive control,
strip, and paint-on. After using the bleaching agent
for 4 weeks, all test groups showed DE* .2 overall,
indicating significant shade improvement. The strip-
type agent was significantly more effective than was
the paint-on-type, thus, the null hypothesis was
rejected. The strip-type agent showed significant
improvement vs the negative control; however, the

paint-on-type did not. The color change (DE) of the
paint-on-type was .2, satisfying the recommenda-
tions of the ISO. Similar trends were obtained with
the Vita shade guide, although it did not show
differences between groups in some tooth positions.
Within the limitations of this study, the spectropho-
tometer appeared superior to the Vita shade guide in
detecting differences among groups. Nonetheless,
visual assessment is still commonly used because of
its convenience and low cost.

The two test products showed inferior results vs
the positive control, which could be due to differenc-
es in the bleaching agent content (positive control:
10% carbamide peroxide, equivalent to 3.62%
H2O2

12; strip-type and paint-on-type: 2.9% H2O2);
however, consistency and application method could
have also affected the results.21,22 The positive
control can be evenly applied on the tooth surface
because the bleaching agent has a gel-like consis-
tency. Also, the customized tray minimizes unnec-
essary contact of the agent with the gingiva and
protects the agent from saliva and lip movement.
The strip-type agent is designed so that the bleach-
ing agent can be protected from saliva and lip
movement. However, it is difficult to apply evenly
on the tooth surface, especially because the marginal
area of the strip is straight. According to the
experimental subjects, the mandibular strip fell off
readily from the tooth surface. This could have
resulted from saliva affecting retention of the strip
and making it difficult for the tooth to be exposed
sufficiently to the bleaching agent. Also, a minimal
change in shade may have resulted from the smaller
amount of the bleaching agent in the strip-type
product. The absolute quantity of bleaching agent on
the strip was limited. The paint-on-type bleaching
agent had a gel-like consistency similar to the
positive control, but it was not designed to be

Figure 5. Vita shade guide: color changes after bleaching for 4
weeks. *p,0.05.

Figure 4. Vita shade guide: color changes after bleaching for 2
weeks. *p,0.05.
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protected from the oral environment as was the
positive control and the strip-type product.

Although it is supposed to produce a coating layer
when dried, the bleaching agent is thought to be
readily removed when in contact with the oral
mucosa and to lead to gingival irritation.7,8 All
patients who complained of gingival irritation were
in the paint-on-type agent groups. The irritation
may not be caused by the H2O2, because the same
number of patients in both the test and negative
control paint-on groups complained of reversible and
mild mucosal irritation. Although the paint-on-type
had the same H2O2 content as the strip-type, it
resulted in an inferior shade improvement due to the
application method. According to the results, the
negative controls also resulted in improvements in
tooth shade. This indicates that agents other than
H2O2 have the potential to change shades.23 Thus,
when investigating the efficacy of a bleaching agent,
one should test the product without H2O2 rather
than use a negative control without any of the
components contained in commercially available
products to confirm the effect of H2O2 concentra-
tions.

Major factors affecting the efficacy of tooth
bleaching are concentration of whitening agents
and application time.12,24-27 The degree of color
change was smaller in this study, compared with
those observed previously. Such differences were
due to the lower concentrations of H2O2 (2.9%)
used in this study, compared with previous studies
(6%-10%).28,29 Higher concentrations of bleaching
agents can achieve faster effects but, at least
theoretically, when the application time of a
product with a lower concentration of bleaching
agent is extended, its efficacy can be similar to the
highly concentrated bleaching agent. However,
practically, it will be difficult to achieve an efficacy
similar to a highly concentrated product with a
low-concentration product because the relation-
ship between the concentration of bleaching agent
and number of applications needed to achieve
optimal efficacy have an exponential regression
relationship rather than a linear one.27 In this
study, as the use of bleaching agent was repeated,
tooth colors were improved but the degree of
change decreased.

CONCLUSIONS

� Shade improvement (DE) was more than 2 in all
test groups, and was in the order of positive
control, strip-type, and paint-on-type agent.

� The null hypothesis was rejected because the strip-
type was significantly more effective than the
paint-on-type.
� However, both OTC tooth-bleaching agents showed

significantly lower efficacy than did the dentist-
supervised home bleaching kit.
� The tested bleaching agents did not affect PI or GI

and caused only minimal and reversible mucosal
irritation and hypersensitivity, showing relative
safety.
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