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A systematic review was performed to evaluate whether whitening toothpastes promote tooth whitening when compared to the
use of conventional (nonbleaching) dentifrices. This review was registered at PROSPERO (CRD42017065132) and is based on the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses. Electronic systematic searches of PubMed/MEDLINE,
Scopus, and the Cochrane Library were conducted for published articles. Only randomized clinical trials in adults that compared
the use of so-called whitening dentifrices to the use of nonwhitening dentifrices were selected. The outcome was tooth color
change. Twenty-two articles from 703 data sources met the eligibility criteria. After title and abstract screening, 16 studies
remained, after which a further five studies were excluded. In total, nine studies were qualitatively analyzed. Significant differences
in tooth color change were found between the groups using whitening dentifrices and those using nonwhitening dentifrices.
Within the limitations of this study, the evidence from this systematic review suggests that bleaching dentifrices have potential in
tooth whitening. However, although many whitening dentifrices have been introduced into the dental market for bleaching

treatments, it is important to analyze tooth surface and color changes when performing home bleaching.

1. Introduction

Tooth discoloration is one of the most commonly reported
complaints in patients seeking aesthetic treatment. Variation
in tooth color can be influenced by intrinsic and extrinsic
factors, ranging from chemical ingestion to consumption of
foods that cause staining [1, 2].

Currently, there are several products on the market that
remove stains and claim to whiten teeth. Options range from
simple professional prophylaxis and the application of
bleaching gels to vital teeth for home use or supervised in
a dental office [3]. Bleaching gels normally consist of dif-
ferent concentrations of hydrogen peroxide or carbamide
peroxide and involve various forms of application. Fur-
thermore, these different applications result in different
mechanisms of activation, which provide dental bleaching
through oxi-reduction reactions, based on partial oxidation

of the active principle, through which the whitening agent
alters the structure of pigment molecules, thus promoting
tooth whitening [4, 5].

Several companies have developed bleaching tooth-
pastes, which are considered an alternative to home and/or
dental whitening procedures, and which promise bleaching
results within 2 to 4 weeks. These toothpastes thus offer
increasingly simpler and less costly bleaching methods for
those wishing to have whiter teeth [6, 7]. Many of these
bleaching toothpastes contain hydrogen peroxide, whereas
others contain abrasive components, which promote the
removal of extrinsic stains [7, 8].

These abrasives may remove blemishes from the coro-
nary surfaces, giving rise to the idea that alterations in tooth
coloration have occurred, which is often used as a marketing
strategy by companies to show that teeth are healthy.
However, little is known about the efficacy of these bleaching
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dentifrices compared with conventional (nonbleaching)
dentifrices and their effects/alterations on stained teeth
regardless of etiology [7, 9, 10].

Therefore, the objective of this systematic review was to
evaluate whether whitening toothpastes promote tooth
whitening when compared to the use of nonbleaching
dentifrices. The hypothesis of the study is that bleaching
dentifrices do not promote tooth whitening.

2. Materials and Methods

2.1. Protocol Registration. The current systematic review was
performed following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses. The methods used in this
review are registered on PROSPERO (CRD42017065132).

2.2. Research Methods. The selection of articles was per-
formed individually by two authors (Bruno G. S. Casado
and Cleidiel A. A. Lemos) using published papers found in
the Cochrane Library, PubMed/MEDLINE, and Scopus
databases from inception to December 2017. The following
terms were used in the search strategy: “tooth bleaching
and dentifrice OR dental bleaching and dentifrice OR tooth
bleaching and toothpaste OR dental bleaching and
toothpaste.”

Two researchers also manually searched for papers
published up to December 2017 in specific journals such as
Dental Materials and Journal of Dentistry and Operative
Dentistry. A third author (Gleicy F. M. Souza) determined
divergences in paper selection by the researchers and
a consensus was obtained through discussion.

2.3. Eligibility Criteria. The selection criteria included ran-
domized clinical trials (RCTs) and articles published in
English. The exclusion criteria included prospective and
retrospective studies, crossover studies, in vitro studies,
animal studies, mechanical studies, case reports, and liter-
ature reviews.

2.4. Search Strategy. Clinical studies were selected from the
title and abstract through electronic searches conducted by
two independent researchers. In studies where it was not
possible to obtain sufficient information, the complete ar-
ticle was downloaded. After reading the title and abstract,
the studies that did not meet the inclusion criteria were
excluded.

The following specific question was elaborated based on
the population, intervention, control, and outcomes criteria:
“Do bleaching dentifrices effectively promote tooth whit-
ening?” According to these criteria, the population was
composed of patients who used dentifrices, and the in-
tervention was the use of so-called whitening dentifrices
compared with the use of nonwhitening dentifrices. The
evaluated outcome was the efficacy of bleaching dentifrices
on tooth color change.
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2.5. Risk of Bias and Evaluation of Study Quality. Two in-
vestigators (Bruno G. S. Casado and Cleidiel A. A. Lemos)
evaluated the methodological quality of the included studies
using bias analyses based on the Cochrane criteria for
assessing the risk of bias. This tool assessed the quality and
risk of bias of the included studies based on sequence
generation, allocation concealment, blinding of participants,
personnel or outcome investigator, incomplete outcome
data, selective outcome reporting, and other sources of bias
and was rated as low/high or unclear risk of bias according to
the studies evaluated.

2.6. Data Collection and Analysis. The data collected from the
articles were classified as quantitative and qualitative by one
researcher (Bruno G. S. Casado) and then verified by another
researcher (Gleicy F. M. Souza). All disagreements were re-
solved by a third researcher (Cleidiel A. A. Lemos) through
discussion until a consensus was reached. Quantitative and
qualitative data were tabulated to aid the comparison.

2.7. Additional Analysis. An additional analysis was per-
formed using the kappa coeflicient, which was calculated to
establish the interexaminer agreement in study selection
from the three databases. The kappa value was obtained by
evaluating the titles and abstracts selected. The Cochrane
Library (K=0.94), PubMed/MEDLINE (K=0.71), and
Scopus (K=0.92) showed a high level of agreement.

3. Results

The database search identified a total of 703 articles, 287 of
which were from PubMed/MEDLINE, 303 from Scopus, and
113 from the Cochrane Library. After removal of duplicate
references and a thorough review of titles and abstracts, 16
studies were read in full. After reading, nine studies were
excluded (Table 1). Details regarding the search strategy are
presented in the flow diagram (Figure 1).

In total, seven studies were selected for qualitative an-
alyses and are summarized in Table 2. All selected studies
were RCTs published between 2001 and 2016. A total of
1,399 patients with a mean age of 36.89 years were included
in the studies, of which 879 used some type of dentifrice
considered to be a bleaching agent by the manufacturer. The
groups of patients evaluated varied according to the den-
tifrice, and the effectiveness of nine products was tested:
Arm & Hammer® Advance White® Extreme Whitening
Baking Soda and Peroxide Toothpaste (n=86), Arm &
Hammer® Truly Radiant Toothpaste (n = 59), Crest® 3-D
white radiant mint toothpaste (n=156), Crest® Extra
whitening (n = 363), Colgate® Simple White® Advanced
Whitening Toothpaste Sparkling Mint (n = 21), Colgate®
Baking Soda Peroxide (n = 216), Colgate Luminous White®
(n = 32), Close-Up White Now® (n = 31), and Oral B 3D
white (n = 15).

The bleaching effectiveness of the studied dentifrices was
evaluated. Four studies showed that the products evaluated
were effective in bleaching teeth using the VITA color scale
(subjective method), and three studies showed that the
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TaBLE 1: Reasons for exclusion of “9” articles.

Author, year

Reason for exclusion

Llena et al. 2016 [11]

Motta et al. 2013 [12]

Forner et al. 2012 [13]

Raoufi and Birkhed, 2010 [14]
Collins et al. 2008 [15]
Yhudira et al. 2007 [16]
Sharma et al. 2004 [17]
Soparkar et al. 2004 [18]
Gerlach et al. 2004 [19]

Use of gel substance associated with dentifrice for enzymatic activation.

Abstract only

Use of gel substance associated with dentifrice for enzymatic activation.

Another method of analysis
Crossover study
Association of different bleaching methods.
Without control group
Without control group
Without conventional toothpaste as a control group

Records excluded
(n=25)

A 4

Full-text articles excluded,
with reasons
(n=9)

'
=
e
S
= Records identified through database
= searching (PubMed/Medline; Scopus;
%
= The Cochrane Library)
(n = 703)
| S—
)
\ 4
Records screened
o0
5 (n=41)
=
3
3
&%
\ 4
—
Records after duplicates removed
—\ (n=16)
z v
z| .
) Full-text articles assessed
= for eligibility >
(n=16)
| —
)
Studies included in
qualitative synthesis
o (n=7)
i
k!
=
%}
£
—

FiGure 1: Flow chart showing the steps in the literature search.

products were effective in bleaching teeth using spectro-
photometry (objective method).

In relation to daily brushing frequency, most studies
[20-24] reported that using toothpaste twice a day increased
tooth whitening, but two studies indicated that patients who
brushed three times a day were more likely to have whiter
teeth. In addition, the follow-up period ranged from 5 days
to 8 weeks, with the most common period being 4 weeks (six

studies). All studies included in this review examined
subjects who used conventional toothpaste (not considered
to have a bleaching effect by the manufacturers) as the
control group.

The relevance of the articles included in this systematic
review was considered satisfactory as all studies were RCTs
with a low risk of bias (Figure 2). We included Cochrane
randomized clinical trial studies to determine the bias scale



International Journal of Dentistry

wuﬁwum.@ﬂu
ON 7O XD (61¢ = u) uondajoxd
100°0>d ST0- £y1aed 15917 1¢D)
JAT}ISO, ° OM
n1so g 5% .70 (¢ OF0 (@) 8 (917 = 1) -
1000>d . apixouad puv vpos SYeom (IN) : [12] 1007
2ATISO( 5% .10 €00 (19) Surypq 2155100 7 Adodsornoadg g pue p Aqrep 2o, (IN) €% #59 wwwwwwwmm Te 10 soees]
IAIISOJ 2000 = 80°0 (7D) (612 = 1) .
o €D X.,TO 10~ (vargis) Suruagym
d ¥ MM ! 1
20070 = (¢9) . DAIxd 15240 [D
JATIISO,
n1soq €5 % .19 500 (1D)
. ) (Fe1 = u)
S00>d 96°0
AATIISOJ w1 (1D) 8 Yoam DLYTIUIP 318D [RIUIP _ Tern
NU x *ﬂmu ANUV JowweH xR Wy “NU vﬂvﬁﬁw u@m&m w&b@g CZV Amhk m: QLT UMEO.EQOU ) ﬁONH 100¢
. g pue A[rep 2o, 6'ch (RERRIIEETS)
UON OUIIPIP ON €50 701 (1D) 74 CEIN (v = w) Busmaiijn pozIIGpTY
: (7o) DAIXd JS24I :[D
10000 >d
o LOVT (TD)
2ATISOq €D X *.NU:U 8€0°0 9 yoom
€8c00=d  (¢9) 180 (ID)
7O X ,ID
1000°0>d ) (€9 =u)
AT €D X, TO/TD  LOTO 9z€T (29) 9sedyjoo) uornoajoxd
nisoq 0=d ¥ oom £ 3 .
60¥C°0 = (€D) ) JIARD 93e5[0D) €D
OXID 02T'T (19) (95 = u) agsvdij1001 ioon (sonurwr z) - (G£-8T) 1o [¥¢] s10T Te 30
. opm3 apeys 9 pue § X : g 8L1 pa[[onuod
10000>d . JuL JUDIPDL o pue ske [rep 201Mm], G8¢ S ZIIODUE Twassey o)
< 7o/1D  opoo  LE80 () anym € 15940 79 43 ps paziwopuey
ANISOq €0 T Yoom :
i s6s10=d (D) 2T (1) (65 = u) a1svdij100;
OXID Juvipvs L], ;1D
1000°0>d
) $2¢°0 (¢D)
2ATISOg €D X *.NU:U 80°0— ¢ keq
so100=d  (¢D) 1650 (1D)
OX,ID
) (690) . (6% =u)
JANISO 10000 >d $0°0— (66°0) 9 Yoom 9ysedyjoo) uonpajoad
Hised 7OX 1D £L5T (1D) t 4 : e
((23)) feo g2 7 o oM (nurar 1) - (0L-60) o sonuos €¢I TIOT Te R
osd (@0 : (98 =u) PIEOPEES  gpuey  Amepoomr  6ge wcho e Twasseyn
2ANISOJ M%Wo MU 1070 NwA.ww %Wu ) ¥ YoM 71YM PIIUDAPD paziopuey
* (7o) AQUAUDE] & WY T5)
dnosd dnoid  oowynuap porrad 3
ILYNUap sdnol [onuoy Suruayiypy  dn-mofog spoyowr awn (swm) asn (9ues) u Apms jo
Suruayrysm U2aMm1aq u ‘sdnoxn UOoIjRN[RA UOIJRN[RA' o Aouanbai a3 ‘sjudIR uisa 1ok rony
joayy  duampiq 21008 heneag menjeAg  j d ey SURBEd 19

ur uonoNpay :(JS) Ueaw I0[0)

'SOIPNIS PIPNOUL JO SOTSLId)OBILYD JO ATRWIWING 7 HTAV],



International Journal of Dentistry

"PAWLIOUT JOU ‘[N "90UIPIP [eonsne)s juedyrudis ym sdnoin

(L1 = 1) 0SLLI0S €D

. .Am.mv (91 = u) mou (sonurw [ern [£] 910C TB 32
QUON  9JUIYIP ON .8 ©) 89 (29) ¥ YoM apym dn-aso;)y :zn  Adoosompadg  syeam ¥ ¢-7) kep ® Gmﬂmﬁv 0S paonuod ourworeq
vy (€D) 87) (L1 = u) ap1ym sowIn 91y, e pazruwopuey -opejulg
I’ (19) snoutun] a1v510) 19
(ST = u) apym
snoutun] 3oy :
. 100=d ! NMNU O
nisod (S1=1u)
192.¥9 I'i- amm q¢ g 40 ‘€ T o [sT] v10T
7 P9M MM ge 4 1740 € Adoosorpadg  syoom ¢ ¢-7) Lep ® 09 Ppa[[onu0d .
(19) (ST =) mou sawiny 231 IN dzZIwopue I 33 WoH
DUIIYIP L'T- (#D) a1rym dn-2s01) 7D : L pazitopury
SUON ON €D €0~ (€D) (ST=u)
10 7D X 1D L0~ (z9) T [#103 930D 1D
(€9'0) :
aanisod 19 600>d €50 DA.MOAWUV ¥ oM (€T=u) rern
(zD) DLYHUIP [0NUO 7D o SYoIM § (sonurwr 7) (IN) - 5 o.bcou [z2] ¥00C
(s5°0) (17 = u) agrym & Peas pue syeam ¢ A[rep a0Imf, SI¥E Pl Te 19 Ieyey]
: (0v'1) : paziwopuey
aapisod 19 500>d W0 oy ap) OPM Adunis 23v8j00) 1D
(¢O)
dnoi3  souymuap potad
2LYRUIP sdnoi3 [onuop Suruayypy  dn-morjog . spotyjow auiy (owm) asn (s8ues) u Apmys jo
Buayym toeMInq 21008 u *sdnoip uonenjeAg  uonenjeag  Jjo Aouonbarg o5e ‘sjuaned udisoq wead/zoqny
JO 109p4 dUAIYIJ ’ : UBN ’ ’

ur uononpay (gs) ueaw I0[0)

‘panunuo) g a14v],



International Journal of Dentistry

Random sequence generation (selection bias) _:l

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _:l

Selective reporting (reporting bias) | |

0% 25% 50% 75% 100%

[ Low risk of bias
[J Unclear risk of bias
[l High risk of bias

Figure 2: Cochrane scale for bias risk.

in each study. All included studies were characterized as
double-blind (randomized studies were performed with
the patient and the evaluator blinded to the product), which
is considered important in understanding responses in
experimental clinical research.

3.1. Bleaching Effectiveness. In the four studies that evaluated
tooth color change using the VITA shade guide, all studies
[20, 22-24] reported that bleaching dentifrices were effective
for tooth whitening when compared with regular dentifrices
(p<0.05). However, Gerlach et al. [20] found differences
between the groups only in the evaluation period following 4
weeks of dentifrice use.

In the studies that used a spectrophotometer to analyze
tooth whitening, two studies [21, 25] demonstrated that
bleaching dentifrices differed in relation to conventional
dentifrices. However, Horn et al. [25] tested three different
dentifrices, and found that only the use of Colgate Luminous
White® had a tooth-whitening effect after 2 weeks. In
agreement, a study by Pintado-Palomino et al. [7] showed
that most bleaching and control dentifrices showed similar
clinical performances, without a significant chromatic re-
duction, during a 4-week follow-up period.

4. Discussion

The results of this systematic review indicate that most of the
included studies showed a significant change in dental
coloration following the use of commercially available
bleaching dentifrice agents when used for a period of be-
tween 5 days and 8 weeks.

Although peroxide bleaching materials are well-established
for aesthetic tooth whitening, the use of these substances in
dentifrices is quite limited [25]. In addition to causing alter-
ations in products, high concentrations of hydrogen peroxide
need to be counterbalanced by the use of soft tissue protective
barriers in order to maintain contact with dental surfaces,
which is not the case with bleaching toothpastes [8].

However, Isaacs et al. [21], Kakar et al. [22], and
Ghassemi et al. [23] observed that the presence of 1.0%
hydrogen peroxide in the chemical formulation of

dentifrices caused tooth coloration changes when compared
with nonwhitening toothpastes. These findings agreed with
those obtained by Sharma et al. [17] who demonstrated the
bleaching potential of these dentifrices and concluded that
the presence of hydrogen peroxide was able to significantly
interfere with dental chromatic alterations over a brushing
period of 2 to 6 weeks. Therefore, it is important to consider
the concentration of hydrogen peroxide and its contact time
as important contributors to effective tooth whitening [19].

On the other hand, studies by Gerlach et al. [20], Horn
etal. [25], and Ghassemi et al. [24] tested bleaching dentifrices
that were free from any type of peroxide and obtained sat-
isfactory results regarding changes in tooth coloration during
the use of these toothpastes. These results may have been due
to the presence of high performance abrasive agents con-
tained in the bleaching dentifrices such as silica, which was
present in almost all products included in this review
[7, 21-25]. These abrasive agents promote the gradual
physical removal of extrinsic pigments without effectively
whitening teeth. Therefore, these bleaching dentifrices are
sometimes considered only as surface spot removers [7, 8, 25].

Interestingly, the studies by Hilgenberg et al. [26] and
Ozkan et al. [27] showed that bleaching dentifrices pro-
moted morphological changes on the surfaces of tooth
enamel. Therefore, it is important to consider that brushing
with toothpastes containing abrasive substances should be
done with caution, as the indiscriminate use of dentifrices
with large quantities of these agents can lead to irreversible
damage of hard dental tissues and restorative materials; they
can also lead to recession of the gingiva, abrasion in the
cervical region, and in some cases, dentin hypersensitivity
8, 26].

Another limiting factor is that these studies did not use
similar evaluation methods, making it difficult to compare
the parameters studied in the coloration change analyses in
this review. Dozic et al. [28] proposed that the spectro-
photometer was the most reliable instrument on the market
for tooth coloration analysis; the accuracy of the results is
related to the positioning of the equipment at the same point
of the dental surface at all times of analysis [14].

However, among the studies selected in this review
which used spectrophotometry as the evaluation method,
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only the study by Isaacs et al. [21] demonstrated a signifi-
cant color change following use of the bleaching denti-
frices. This probably occurred because the products tested
by Isaacs et al. [21] contained hydrogen peroxide associated
with a high performance silica. These results are in
agreement with those by Sharma et al. [17], who confirmed
that these two substances in a dentifrice were able to
remove extrinsic stains, reducing the yellow color pig-
mentation (b* parameter) of the teeth, when compared to
conventional dentifrices.

The findings of Horn et al. [25] and Pintado-Palomino
et al. [7], who also used spectrophotometry as a method of
evaluation, did not show a significant difference between
bleaching and conventional dentifrices, a factor justified by
the absence of hydrogen peroxide in the dentifrices tested.
Although in the study by Horn et al. [25], a statistical dif-
ference was shown in one of the test groups (Colgate Lu-
minous White dentifrice) by altering the values of L*
(brightness), it was also seen that according to the NBS
criterion, the value of AE was 1.15, which meant a change in
color was not perceived by the human eye. This change in
luminosity probably occurred due to the presence of
abrasive contents in this dentifrice, such as hydrated silica.

The four studies that used the VITA shade guide ob-
served a statistically significant difference between the test
and control groups. These favorable findings may have been
attributed to the method used to analyze the color on the
total surface of the tooth, without taking into account
specific points [14].

The limitations of the present systematic review include
the following: the lack of clinical studies using the same
method to evaluate the color of dental substrates, in order to
allow a comparison of the parameters included in the data
analysis; the lack of studies that took into account the du-
rability of color change following discontinuation of the
bleaching dentifrices; and the studies did not take into ac-
count the frequency of brushing with bleaching dentifrices,
as brushing time can influence color change [7]. Thus,
future studies are necessary in order to investigate charac-
teristics such as morphological alterations of the dental
surface caused by dentifrice materials, in order to establish
an effective time-of-use protocol, the influence of dentifrice
components on whitening properties, and the durability of
tooth whitening after whitening toothpaste is discontinued.

5. Conclusions

Within the limitations of this study, the evidence from this
systematic review suggested that bleaching dentifrices have
potential in tooth whitening. However, these results should
be interpreted with caution before any decision is made, and
more randomized clinical trials are required to better de-
termine the efficacy of bleaching dentifrices due to their
possible morphological alterations of dental tissues.
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