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Clinical comparison hetween two bhleaching
techniques: A 180-day follow-up study

Ke Zhao, BDS, PhD'/Li Zong, BDS, MDSc?/Qin Zhang, BDS"/
Wael Att, DDS, Dr Med Dent, PhD=3

Objective: The aim of this clinical study was to compare tooth shade, color rebound, and
tooth sensitivity after using either a combined bleaching technique (CBT) or a deep
bleaching technique (DBT) to lighten stained teeth. CBT is a two-stage bleaching process
consisting of an initial in-office bleaching treatment session using 35% hydrogen peroxide
(HP) followed by a 7-day at-home bleaching session with 6% HP. DBT involves a 7-day at-
home bleaching session with 6% HP prior to the initiation of a two-stage CBT process.
Method and Materials: Thirty-six volunteers were recruited in this split-mouth design ran-
domized clinical trial. Tooth shade was objectively evaluated by using a spectrophotom-
eter and shade guide tabs. Tooth and gingival tissue sensitivity were self-evaluated by
recording any tooth or gingival sensitivity on a daily basis. Results: Both CBT and DBT
presented satisfactory whitening effects. Although DBT resulted in a better shade change,
the two bleaching techniques had a similar rebound effect. CBT was associated with a
lower frequency of tooth sensitivity, but both bleaching techniques can be considered safe
from a clinical standpoint. Conclusion: The results indicate that CBT might potentially be

preferred to whiten teeth, thus promoting the shade change, and avoiding gingival and
tooth sensitivity.(Quintessence Int 2013;44:601-607; doi: 10.3290/j.qi.a29702)

Key words: combined bleaching technique, deep bleaching technique,
randomized controlled trial, tooth bleaching

Cosmetic dentistry has become an impor-
tant part of restorative dental practice. Dis-
playing a more esthetically pleasing
appearance helps to improve self-confi-
dence and esteem. Great amounts of
money and time are being invested in
attempts to improve the appearance of
teeth. Whiter teeth are key to an attractive
smile.!’ For this reason, lighter colored teeth
have become increasingly desirable and
popular.

Although there are plenty of methods to
successfully improve tooth color (including
whitening toothpastes, professional clean-
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ing to remove stains and tartar, tooth
bleaching, micro-abrasion of enamel, and
placement of crowns or veneers), tooth
bleaching has become one of the most
popular esthetic treatments. This is
because of its noninvasive nature and con-
firmed effectiveness.? Bleaching is a chemi-
cal treatment of stained tooth surfaces
using a bleaching agent, namely hydrogen
peroxide (HP), or products transformed into
HP (ie, carbamide peroxide). HP is an
effective bleaching agent because of its
instability and tendency to undergo disso-
ciation, producing oxygen and free radi-
cals. The bleaching mechanism consists of
an oxidation reaction with the release of
free radicals.® The reactive oxygen species
formed in the decomposition reaction can
react with the complex organic molecules in
the tooth structure and split them into
smaller, less complex molecules, which
reflect more light waves, therefore creating
an appearance that is lighter in color.#
When carbamide peroxide is used, it
breaks down into HP and urea, thus
enabling the HP to react with staining
organic materials. Solutions of 10% carb-
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amide peroxide usually contain the equiva-
lent of 3.3% HP.

The procedures of tooth bleaching can
be performed either in the dental office (“in-
office bleaching”) or at home by patients
(“at-home bleaching”). The effectiveness of
in-office or at-home bleaching methods has
been documented extensively.5% When
compared to at-home bleaching, in-office
bleaching has been shown to rapidly
lighten the teeth. However, considerable
color rebound within 2 weeks of tooth
bleaching was also observed in several
studies.”® At-home bleaching usually
requires 2 to 4 weeks of treatment, but gen-
erally results in less color rebound and the
bleaching effect lasts longer.® Garber'® sug-
gested that combining both treatments
could shorten the whole bleaching time and
enhance the whitening effect, and termed
this a “combined bleaching technique”
(CBT). CBT combines the advantages of
the two bleaching methods and has been
widely accepted as an effective bleaching
technique.

A different technique, known as a “deep
bleaching technique” (DBT), has recently
become popular among dental profession-
als.’ This technique involves an at-home
bleaching treatment prior to an in-office
bleaching session, followed by a subse-
quent at-home bleaching session. It has
been claimed that at-home bleaching con-
ditions the teeth by increasing their perme-
ability, thus greatly promoting the effective-
ness of the in-office procedure.’" Deep
bleaching involves a first at-home bleach-
ing session to increase the permeability of
the tooth surface, followed by CBT sessions
afterwards. In this case, more favorable
results may appear. However, the literature
does not provide information about the
effectiveness of this bleaching method.

Previous studies have shown that tooth
sensitivity was the most prevalent side
effect associated with tooth bleaching, fol-
lowed by irritation of the gingival tissue.'?
However, the majority of these effects were
reported to be transient and disappeared
within 24 to 48 hours after the bleaching
treatment was finished.

The aim of the present study was to
evaluate the amount of tooth color change,
rebound rate, and tooth sensitivity associ-

ated with the use of CBT and DBT, and.to
provide evidence to aid in the clinical selee-
tion of tooth bleaching techniques.

METHOD AND MATERIALS

Prior to enrollment, each subject received a

comprehensive oral and dental screening.

A signed consent form was obtained from

all eligible and enrolled subjects. The form

and research protocol were reviewed and

approved by the Ethical Committee at the

Guanghua School of Stomatology, Hospital

of Stomatology, Sun Yat-sen University.
The inclusion criteria were:

e aged between 18 and 30 years

e all six maxillary anterior teeth present,
and free from any signs of defects, car-
ies, loss of vitality, or restorations

e six maxillary anterior teeth present that
are A2 or darker shade on the Vita Clas-
sic Shade Guide (Vita Zahnfabrik)

e willing to refrain from the use of tobacco
products during the study period

e willing to sign the consent form

e able to return for scheduled follow-up
examinations.

The exclusion criteria were:

e a history of any medical disease that
may interfere with the study or require
special considerations

e pregnant or lactating females

e a history of allergy to HP

e current or previous use of professionally
applied or prescribed in-office or at-
home whitening agents

e presence of a gross pathology in the
oral cavity (excluding caries)

e |oe and Silness Gingival Index score
greater than 1

e tetracycline-stained teeth or dental fluoro-
sis

e presence or use of an orthodontic appli-
ance on the maxillary anterior teeth.

All subjects received supragingival scaling
at least 1 week, but not longer than 2
months, prior to the bleaching procedures.
Extrinsic stains were removed for more
accurate assessment of baseline color.

A total of 36 subjects were enrolled in
the split-mouth design study. All subjects
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were randomly assigned by flipping a coin
to decide which side of the maxillary ante-
rior arch would be using DBT while the
other side would be using CBT, namely left-
right randomization. The subjects were
informed about the bleaching procedures
as shown in Table 1. DBT used 6% HP gel
(Beyond Technology) in a half-arch tray on
the maxillary anterior right or left side for at-
home bleaching for the first 7 days, fol-
lowed by three 8-minute applications of
36% HP gel in-office bleaching (Beyond
Technology) and 6% HP gel at-home
bleaching for another 7 days. CBT had a
triple 8-minute application of 36% HP gel
in-office bleaching, followed by 6% HP gel
at-home bleaching for 7 days.

At the baseline appointment, tooth color
evaluation was carried out using two meth-
ods: (7) subjective shade guide (SG)
matching of the middle-third of the maxillary
anterior teeth using the Vitapan Classic
Shade Guide (Vita Zahnfabrik) arranged by
value order (lightest to darkest), as recom-
mended by the manufacturer; and (2) an
objective evaluation of the same area using
a spectrophotometer (Olympus Crystaleye,
Olympus) to determine the CIELab value of
the middle-third of the teeth. Three inde-
pendent readings were taken and the mean
value was plotted. All evaluations were car-
ried out under the same conditions and by
the same dentist. The three coordinates of
the ClELab color space values, L*, a*, and
b*, were recorded using the previously
mentioned spectrophotometer. At each
evaluation time point, the shade of the six
maxillary anterior teeth was measured three
times, with the active point of the spectro-
photometer positioned on the central third
of each tooth, and the average of three
readings was calculated to represent the
shade of the tooth.'® L* represents lightness
(L* = O yields black, and L* = 100 indicates
diffuse white); a* is a measurement along
the red-green axis (positive a* indicates
magenta while negative a* indicates green);
b* is a measurement along the yellow-blue
axis (positive b* indicates yellow while neg-
ative b™* indicates blue). The overall color
change (AE) was calculated according to
the formula AE = [(AL*)? + (Aa*)? + (Ab*)?]”~.

A visual analog scale (VAS) was intro-
duced to record daily tooth and/or gingival

Table 1 Study groups

Study group DBT CBT
7 days at-home bleaching (6% HP) + -

Triple application of an 8-min
in-office bleaching (36% HP)

7 days at-home bleaching (6% HP) + +

sensitivity on all subjects. VAS is an instru-
ment that measures a characteristic or atti-
tude that is believed to span a continuum of
values and cannot be objectively mea-
sured. VAS criteria are: 0, no pain; 1 to 3,
slight pain and endurable; 4 to 6, moderate
pain, almost endurable; and 7 to 10, severe
pain, cannot endure. Subjects who suffered
more than moderate sensitivity on either
side of their maxillary arch were asked to
return to the clinic for desensitizing gel. If
any of the subjects, after using the desensi-
tizing gel, still experienced more than mod-
erate sensitivity, they were asked to with-
draw from the study.® During the baseline
appointment, an alginate impression (Jel-
trate PLUS, Dentsply Caulk) was taken of
the maxillary arch of each subject. The
impression was then poured with die stone
(Heraeus Kulzer) to create a cast. For each
subject, two individual bleaching trays were
fabricated: the first one was fabricated with
facial reservoirs on only one side of the
maxillary anterior teeth (left or right), and
the second one was fabricated with facial
reservoirs on both sides.

The subjects were instructed on how to
load the gel into the tray on the side with
the reservoirs and how to place the tray, as
well as how to remove the gel. The trays
were given to the subjects to wear at home
for 1 hour per day for 7 days. The side with
the reservoirs that was bleached was identi-
fied as the DBT and the side that did not
receive the initial bleaching for 7 days was
identified as the CBT. After the at-home
bleaching, both DBT and CBT had the
same treatment. In-office bleaching was
performed on both sides of the maxillary
anterior arch on the 8th day. The second
bleaching tray with reservoirs on both sides
was given to the subjects for 1 hour of at-
home bleaching per day on both sides of
the maxillary anterior arch for 7 days start-
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ing on the 9th day, immediately after the in-
office bleaching.

After baseline, follow-up evaluation
appointments were made for all subjects at
7, 30, 90, and 180 days post-bleaching for
shade table matching, digital photographs,
and colorimeter readings.

Throughout the 180 days of the study,
the subjects were asked to brush their teeth
with a non-whitening dentifrice at least
twice a day to standardize their oral
hygiene.

Statistical analysis was done using
PASW Statistics software for Windows, ver-
sion 18.0 (SPSS). Changes in the values
measured using the spectrophotometer
from baseline to day 1, day 7, day 30, day
90, and day 180 posttreatment were calcu-
lated for each subject for each treatment.
The treatments were compared for differ-
ences in gingival sensitivity, baseline
shade, and rebound rate using repeated
measures analysis of variance (ANOVA)
VAS scores. SG values were analyzed
using the Mann-Whitney rank test. A differ-
ence between treatments was considered
significant if a confidence level of a < 5%
was achieved.

RESULTS

Thirty-six volunteers were enrolled in this
study and all subjects completed the
bleaching procedures and participated at

the follow-up appointments as well. The dis-
tribution of gender showed 7 males and 29
females. The ages of the subjects ranged
from 20 to 28 years, with an average age of
24.1 years.

The DBT and CBT treatments were sig-
nificantly different immediately after finish-
ing all bleaching procedures (P < .001).
CBT had less shade change in lightness,
yellowness, and overall color change (AL~,
Ab*, AE, and ASG) than did DBT (P < .05).
However, there was no significant differ-
ence in shade change in redness (Aa*)
between the CBT and DBT (P > .05). The
computed data are presented in Table 2.
The before and after treatment situations
are shown in Figs 1 and 2.

According to Table 3, there were no sig-
nificant differences in overall rebound rate
(AE and ASG) between the DBT and CBT
treatment (P > .05).

Tooth sensitivity occurred in 36.7% of all
subjects in the CBT group and in 56.7% of
all subjects in the DBT group. DBT was
associated with significantly higher tooth
sensitivity than CBT (P = .02) as shown in
Table 4. No subjects dropped out of this
clinical study. Forty-eight hours after the
bleaching procedure was finished, the
symptoms of tooth sensitivity disappeared
spontaneously.

Gingival sensitivity occurred in 27.8% of
CBT subjects and 47.2% of DBT subjects.
DBT was associated with significantly
higher gingival sensitivity than CBT

Table 2 Mean (= standard deviation) rebound rate (n = 36)

Treatment Days posttreatment AL* Aa* Ab* AE ASG
1 361+225 -166+091 -439+178 6.13+257 -497+275
7 332+235 -156+094 -432+168 592+250 -4.81+292
CBT 30 3.10+227 -150+091 -406=+172 554+258 -461+286
90 2.60 = 2.41 -142+£ 091 -3.89+177 520+257 -4.16+3.04
180 234+230 -127+093 -376+186 504+245 -3.95=+3.02
1 441259 -192+099 -6.09+222 801+295 -6.42=+3.04
7 415+270 -1.79+102 -587+200 7.68+286 -6.18+3.04
DBT 30 390+252 -1.73+097 -548+200 7.18+281 -583+3.18
90 360+272 -167+101 -504+198 6.76+2.78 -533+3.20
180 3.10+276 -154+1.02 -506+210 6.45+279 -5.06=+3.21
sOo4 VOLUME 44 « NUMBER 8 « SEPTEMBER 2073
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(P = .03). Twenty-four hours after the
bleaching procedure was finished, the
symptoms of gingival sensitivity disap-
peared spontaneously.

DISCUSSION

This study implemented a split-mouth
design, which is considered an established
and widely accepted design for studies on
bleaching.®1416 The SG is commonly used
to determine the lightness of teeth.
Although this method is quick and simple to
use, it can be subjective, as it may be influ-
enced by individual variability as well as
several other parameters, such as the
experience and age of the examiner, eye

fatigue, external light conditions, back-

Fig1 Before the bleaching treatment.

Table 3 Mean values of color rebound

ground and interior color, and the angle of
perception.' Furthermore, comparing SG
results is often difficult due to lack of stan-
dardization.’® In contrast, the use of a spec-
trophotometer excludes human error and
facilitates unbiased and reproducible
results.

The standard deviations of AE, AL*, Aa*,
Ab*, and ASG were relatively large when
compared to the mean values in the pres-
ent study. This implies that the relapse rate
of the bleaching treatment varies widely
among individuals. This is likely to be
caused by a number of reasons. First, it is
believed that each subject has a varying
inherent potential for lightness, so that even
using identical bleaching techniques results
in different levels of efficacy for different

individuals. Second, the relatively small

Fig2 After the CBT and DBT treatment.

Time (days) Treatment AE (mean * SD) ASG (mean = SD)

CBT 1.23+0.89 0.16 = 1.45

! DBT 1.39 = 1.01 0.24 + 1.53

CBT 1.43 = 0.99 0.36 + 1.48

%0 DBT 1.58 + 0.92 0.58 + 1.70
CBT 1.77 +1.38 0.81 £ 2.00

90 DBT 2.07 + 1.52 1.08 +2.32
CBT 213+ 1.31 1.02 = 1.97

10 DBT 234 £ 1.24 1.36 + 1.98

Table 4 Tooth and gingival sensitivity incidence

Treatment Total subjects (n) Tooth sensitivity (%) Gingival sensitivity (%)
CBT 36 13 (36.7%) 10 (27.8)
DBT 36 20 (56.7%) 17 (47.2)
VOLUME <44 « NUMBER 8 =« SEPTEMBER 2073 (SIS
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sample number in this study may contribute
to a high level of variance. Finally, individual
diets significantly affect the frequency and
amount of pigment absorption, which has
been shown to closely correlate with the
rebound rate after bleaching.

The smallest perceivable difference for
the two patches of color is approximately
1.0 AE units. The color changes observed
in this study were 6.13 = 2.57 for CBT and
8.01 + 2.95 for DBT. Thus, the AE values of
both CBT and DBT were perceivable by the
human eye after bleaching. The American
Dental Association (ADA) guidelines for
acceptance of tooth bleaching products
states that the AE value specified must be
due to higher L* and lower b* values. In the
present study, the two bleaching tech-
niques were acceptable according to the
ADA guidelines. Matis et al® reported that
when 36% HP was used for triple 15-minute
in-office bleaching sessions, the subse-
quent 15% CP for 7 days at home would be
effective.

CBT is a widely used technique in den-
tal clinics due to its shorter total bleaching
time and high bleaching effectiveness. In
the present study, the SG changes were
4.97 + 2.75 for CBT and 6.42 = 3.04 for
DBT, at 1 day post-bleaching. There is a
need for further studies to explore DBT.
This is the first published study to evaluate
the effectiveness of DBT and to compare its
outcome to CBT. The present results sug-
gest that DBT may be more effective then
CBT in terms of tooth whitening. This may
be due to the fact that DBT involves a lon-
ger period of bleaching and may result in
greater overall effectiveness. However, the
difference between CBT and DBT cannot
be identified by human eyes.

In regards to the rebound effect, the
present study shows that, after the bleach-
ing procedures were completed, tooth color
slowly decreased in lightness (L*) and
increased in yellow color (b*). During the
same follow-up period at 7, 30, 90, and 180
days, the rebound effect of L* was the
same for the two tooth bleaching tech-
niques. The color changes in the b* value
was similar at day 7, while there were more
changes in b* at the follow-up days 30, 90,
and 180 when comparing DBT with CBT.
The current result revealed that the color

rebound of yellowness is more obvious.in
DBT than in CBT at the same follow-up peri-
ods. A possible reason would be an
increasing permeability of enamel in DBT,
so that the rebound easily appeared.
Previous studies have shown that tooth
sensitivity is the most prevalent side effect
associated with tooth bleaching, followed
by gingival irritation.’? In the present study,
higher rates of tooth sensitivity were
induced by DBT when compared with CBT.
The possible reason was that the first at-
home bleaching session increased the per-
meability of the teeth, making it easier for
the bleaching agent to stimulate the tooth
pulp. Thus, DBT is not recommended for
patients exhibiting tooth defects, dentin
hypersensitivity, or dental fluorosis.??

CONCLUSION

Within the limits of the present study, both
CBT and DBT presented satisfactory
effects. DBT resulted in a better shade
change but the two bleaching techniques
had a similar rebound effect. CBT was
associated with a lower frequency of tooth
sensitivity. Overall, CBT might be regarded
as clinically preferred.
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