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Abstract

Objectives To evaluate CPP-ACP effect on colour change and tooth sensitivity (TS) associated with at-home vital tooth
bleaching using 20% carbamide peroxide (CP).

Methods A randomised double-blind placebo-controlled clinical trial was conducted to measure the TS and tooth colour change
of 24 patients at 3-day, 7-day, 14-day and 30-day periods. The participants were instructed to apply 20% CP (7 days—04 h each)
followed by the application of either CPP-ACP or non-active placebo paste, delivered by the bleaching custom tray (7 days—
30 min each). Lightness (L*), redness (a*) and yellowness (b*) were measured using a digital spectrophotometer and the overall
colour changes AE were calculated. AE and TS values were statistically analysed. The level of statistical significance was
established at p =0.05.

Results No significant differences were detected between CPP-ACP and placebo groups regarding the AE. The AE measurements
presented significant differences within CPP-ACP groups between 3-day vs. 14-day and 30-day measurements. The CPP-ACP
application reduced significantly the TS reported by the participants at 3-day when compared with the placebo group.
Conclusion The application of CPP-ACP paste during at-home tooth bleaching with 20% CP was beneficial since its use reduced
the TS and presented no deteriorating effect on the colour change.

Clinical relevance The current findings are of importance for clinicians to manage TS reported by patients when a high CP

bleaching agent is used.
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Introduction

Tooth bleaching is advocated wherever possible to treat pa-
tients who seek dental appearance improvements as it presents
a minimally invasive approach when compared with other
invasive aesthetic treatments [1]. The most used approach to
manage discoloured teeth is at-home dentist supervised tooth
bleaching with custom trays [2]. The use of a high concentra-
tion bleaching agent revealed similar tooth bleaching to that
obtained using lower concentration after 1 week, but with
faster and major changes in lightness and chroma [3]. An
increase in the enamel surface porosity and irregularities were
reported following tooth bleaching [4, 5]. These alternations
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can facilitate the peroxide penetration within the tooth struc-
ture which might explain the tooth sensitivity (TS) occurrence
[6].

Casein phosphopeptides-amorphous calcium phosphate
(CPP-ACP) is a protein remineralization technology whereby
the solubility of ACP system is controlled by a milk protein,
casein phosphopeptide (CPP), added to regulate the ACP sol-
ubility and to inhibit the early transformation into crystalline
forms [7]. Enamel surfaces treated with CPP-ACP exhibited
an increased HA crystals size and a decreased surface rough-
ness compared to the negative control samples [8]. The daily
use of CPP-ACP for 7 days during bleaching regimen resulted
in a recovered enamel surface with no regressive effect in the
colour change in vitro [9, 10]. To the best of our knowledge,
the use of CPP-ACP during at-home vital tooth bleaching
using 20% carbamide peroxide (CP) bleaching agent was
not evaluated in vivo. Therefore, the aim of this randomised
controlled study was to evaluate the effect of CPP-ACP on the
tooth sensitivity (TS) and bleaching effectiveness using 20%
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CP. The two null hypotheses investigated were (a) using CPP-
ACP during tooth bleaching with 20% CP has no effect on TS
and (b) this therapy has no deteriorating effect on the colour
improvement.

Materials and methods

The design of this double-blind randomised, parallel, placebo-
controlled trial with an equal allocation rate followed the
guidelines published by Consolidated Standards of
Reporting Trials (CONSORT) [11]. This study was reviewed
and approved by the Health Research Ethics Board at the
Damascus University, registration number: 820, 9/01/2017.

Sample size calculation

Sample size was calculated using Minitab 17 software by
choosing the t-student statistical test for two independent sam-
ples. It was necessary to recruit eight participants per group to
detect a significance of a clinical difference of at least 2.5
increase, assuming a standard deviation of 1.2 in accordance
with a previous study [12]. Twelve participants per group were
recruited to avoid possible loss to follow-up.

Inclusion and exclusion criteria

The inclusion criteria in this study are the following: be at least
18 years old, six maxillary anterior teeth were present with no
restorations or carious lesions on their buccal surfaces, colour
shade A2 or darker on the shade guide (Vitapan Classical, Vita
Zahnfabrik) and no history of tooth sensitivity or use of a
desensitising agent or desensitising toothpaste in the past
3 months. The exclusion criteria are the following: previous
tooth-bleaching procedures, chronic therapeutic drug history,
orthodontic appliance use, periodontal disease or active cari-
ous lesions, pregnancy or lactation, severe internal tooth
discolouration, allergies to bleaching agent or tray material,
and smoking. Written consents were obtained from all select-
ed participants after verbal and written explanation of the trial.

Intervention

Participants were randomly assigned into two experimental
groups (n=12) by dragging a paper showed the code of the
material used after bleaching procedures (CPP-ACP or
Placebo). This procedure was accomplished by a staff member
who was not involved in the trial; therefore, the participants
and the examiner were both blinded to group assignment.
Each participant received a treatment kit containing (1) his
custom tray (fabricated using a 1-mm-thick soft vinyl material
through a vacuum-formed process and trimmed on the gingi-
val margin), (2) the bleaching gel syringe (Opalescence®
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PF™, Ultradent Products Inc. USA—20% carbamide perox-
ide), (3) a white plastic coded container containing either
CPP-ACP (Tooth Mousse, GC International, Itabashi-ku,
Tokyo, Japan) or non-active placebo paste and (4) a tooth-
brushes with a standardised non-tooth-whitening toothpaste
(Colgate Total®). The participants were instructed to use the
bleaching gel for 4 h a day, to wash/dry the tray and to apply
the studied material in the tray for 30 min once a day after
bleaching procedure. This protocol was repeated for 7 days.

Shade evaluation

Digital colour images of the upper anterior teeth were taken
before treatment as a baseline measurement using a digital
spectrophotometer (Vita Easyshade Advance 4.0 ®; Vita,
Germany) on the middle third of the labial surface of the
maxillary right central incisors. Shade evaluation was per-
formed at 3-day, 7-day, 14-day, and 30-day periods. The spec-
trophotometer was calibrated against the calibration block pri-
or each colour measurement. The digital spectrophotometer
measures the shade of teeth based on the CIE L*a*b* colour
space system, allowing the determination of colour in a three-
dimensional space. The colour difference between the colour
coordinates is calculated as AE* =[(AL*)2 + (Aa*)2+
(Ab*)2]1/2. Three readings were taken, and the average value
was calculated and recorded.

Tooth sensitivity evaluation

Participants were instructed to record tooth sensitivity (TS)
daily for 7 days using a visual analogue scale (VAS) ranked
from 0 ‘no sensitivity’ to 10 ‘severe sensitivity’.

Statistical analysis

The statistical analysis was conducted using SPSS statistical
package (version 23, SPSS Inc./IBM, Chicago, IL). The data
was tested for normality using Histogram/Q-Q plots/Shapiro-
Wilk tests. As AE and TS data had a normal distribution,
repeated measures two-way ANOVA was conducted.

Results

Fifty subjects were examined for potential inclusion in this
trial, from those 24 participants were enrolled in this study
(Fig. 1). The means = SE of the AE values in the CPP-ACP
and placebo groups are presented in Fig. 2a. The application
of CPP-ACP paste reduced the AE values when compared
with the placebo groups. However, these reductions were
not statistically significant at any measurement point (p >
0.05). The AE values exhibited significant differences within
CPP-ACP groups between 3-day (6.6 + 1.5, means + SE) vs.
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Fig. 1 Flowchart of subject
recruitment of this randomised
clinical trial on the tooth
whitening outcomes

Assessed for eligibility
(n=50)

Smoker (n=1)
Presence of caries (n=1)

Excluded (n = 26)
Declined to participate (n =7)
Presence of restorations (n=9)
Incisors lighter than A2 (n=6)
Chronic use of therapeutic drug (n=1)
Use of orthodontic appliance (n=1)

Enrolment (n=24)

Randomized (1:1)

\

/

CPP-ACP Placebo group
n=12 n=12
3-day: n=12 3-day: n=12
7-day: n=12 7-day: n=12
14-day: n=12 14-day: n=12
30-day: n=12 30-day: n=12

14-day measurements (10.7 + 1.3, p = 0.014) and 30-day mea-
surements (10.7 + 1.7, p=0.009). In the placebo groups, the
AE value at 3-day (9.3 +1.2) showed no significant differ-
ences comparing to the measurements at 14-day (12.4+1.2,
p>0.05) and 30-day (12.8£0.9, p>0.05).

Figure 2b presents the means + SE of the TS values in the
CPP-ACP and placebo groups at different point of measure-
ments. Overall, the use of CPP-ACP resulted in significantly
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less TS when compared with the placebo groups (p =0.002).
The CPP-ACP application during the bleaching procedure
reduced significantly the TS reported by the participants at
3-day (0.4 £0.2) when compared with the placebo group
(3.7£0.9, p=0.002). The TS was less in the CPP-ACP group
(0.5+£0.3) at 7-day than those reported by the participants in
the placebo group (1.9 +0.7), but with no statistical difference
(p> 0.05). The TS was not reported at 14-day and 30-day
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Fig. 2 a AE (means = SE) in the CPP-ACP and placebo groups. b TS means + SE in the CPP-ACP and placebo groups
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measurements in the CPP-ACP groups, whilst two and one
participant reported TS at 14-day and 30-day respectively in
the placebo groups.

Discussion

This clinical trial utilised a high concentration of CP for at-
home tooth bleaching which was associated clinically with a
colour change improvement and a significant TS [2, 3, 13]. It
has been shown that 71.4% of the participants who used 20%
CP at-home bleaching agent reported TS [14]. Enamel sur-
faces treated with 16% CP at-home bleaching agent for
14 days presented an increased surface roughness and a de-
creased microhardness measurement [5]. Those surface
changes may promote the diffusion of the bleaching agent
inside the pulp chamber to activate the pulpal sensory affer-
ents, resulting in TS [15]. In this study, the first null hypothesis
was rejected as the use of CPP-ACP in the custom bleaching
tray significantly reduced the TS during at-home tooth
bleaching with 20% CP. The TS reduction is in accordance
with the findings of previous studies which showed that the
application of CPP-ACP reduced significantly the TS associ-
ated with in-office vital tooth bleaching using hydrogen per-
oxide gel [16-18].

The second null hypothesis investigated in this clinical trial
was rejected as the use of CPP-ACP paste during the
bleaching procedure exhibited a negative effect on the colour
change at 3-day measurements. However, the colour change
was not significant to that in the placebo groups at 7-day, 14-
day and 30-day postbleaching periods. It has been shown that
the use of a combination of CPP-ACP with 16% CP did not
affect tooth bleaching efficacy in vitro [19]. The use of a blend
of CPP-ACP and 16% CP (1:1) increased significantly
postbleaching enamel microhardness and did not adversely
affect bleaching efficacy [20]. The daily use of CPP-ACP
following tooth bleaching with 38% hydrogen peroxide im-
proved significantly enamel microhardness [21]. This micro-
hardness increase may suggest a mineral deposition on enamel
when treated with CPP-ACP during the bleaching protocol.
The microscopy analysis of the samples treated with CPP-
ACP after bleaching with 40% hydrogen peroxide showed
the presence of amorphous deposits at the surface with a re-
duced porosity implying a surface remineralization [22].

Evaluating the potential role of CPP-ACP in reducing TS
associated with at-home tooth bleaching using 20% CP was
not reported previously in the dental literature. The delivery of
the experimental paste using the bleaching custom tray for
30 min daily permitted the retention of the paste on the tooth
surface for a standard period for all participants. The results of
this study showed that the colour change was maintained in
the CPP-ACP and the placebo groups after 1 month. The
lightning effect obtained using 16% CP at-home bleaching
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agent at 7-days was maintained after 6 months [23].
However, there is no previous investigation regarding the
long-term colour stability when the CPP-ACP is used with
the 20% CP at-home bleaching agent, implying a further study
with a longer post-treatment evaluation is recommended.

Conclusion

The application of CPP-ACP paste during at-home tooth
bleaching with 20% CP was beneficial since its use reduced
significantly the TS and presented no deteriorating effect on
the colour change after 14 days when compared with the pla-
cebo groups.
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