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Clinical Relevance

When advising patients, dentists should consider the extrinsic stain removal effect of
whitening dentifrices that may ultimately result in color change and yet produce adverse
effects more often than regular dentifrices.

SUMMARY

Whitening dentifrices (WDs) are widespread

and accessible worldwide, claiming to whiten

teeth. Therefore, this systematic review aimed

to assess the extrinsic stain removal (ESR), the

whitening potential, and the adverse effects of

WDs. Randomized controlled trials comparing

WDs with regular dentifrices (RDs) and other

home-based whitening products were searched
at NCBI-PubMed, Cochrane-CENTRAL, EBS-
CO-Host, and clinicaltrials.gov. The studies
were screened and had data extracted by two
independent researchers. Eligible studies pre-
sented outcomes of ESR, color change, and
adverse effects, with no restriction of publica-
tion date. Data were meta-analyzed using Rev-
Man 5.3, and the level of evidence was rated
according to GRADE criteria. Eleven studies
(n=1962) assessed reduction of stain area and
intensity through Lobene Stain index, with a
mean difference (MD) of �0.33 ([�0.41;�0.25];
p=0.00001) and �0.34 ([�0.44;�0.25]; p=0.00001),
respectively. When the modified Lobene Stain
index was used (six studies; n=2576), MD was
�0.42 ([�0.58;�0.25]; p=0.00001) and �0.30
([�0.39;�0.21]; p=0.00001), respectively. Mean
color change through shade guide tabs (three
studies; n=1322) was �1.80 ([�2.33;�1.26];
p=0.00001). All differences were in favor of the
WDs, which also produced a risk of adverse
effects (RR=1.74; [1.20, 2.52]; p=0.003; four stud-
ies; n=1322). The comparison of WDs with paint-
on gel (two studies; n=58) yielded similar effi-
cacy and adverse effects (p.0.05), whereas the
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comparison of WDs with white strips (two
studies; n=87) yielded higher efficacy of the
latter (p=0.00001) and similar adverse effects
(p=0.52). The quality of evidence varied from
low to moderate. WDs are more effective in
reducing extrinsic stain and producing a whit-
ening-like effect in teeth than RDs, although
they also produce more adverse effects. Whit-
ening efficacy of WDs is similar to paint-on gel
and lower than white strips. Higher-quality
evidence demands larger, well-conducted, inde-
pendent studies.

INTRODUCTION

Dentrifrices have been a powerful adjunct in dental
hygiene, acting as a vehicle for fluoride, among other
active ingredients.1 Their cosmetic effect is inherent
to their cleansing effect through biofilm and extrin-
sic stain removal and relies on the presence of
abrasives.2 Throughout the last two decades, denti-
frices have also become a means of responding to the
strong esthetic appeal as over-the-counter (OTC)
whitening products for at-home tooth whitening,
without professional supervision.3,4

Dentifrices that claim to whiten teeth have repre-
sented more than 50% of the OTC tooth whitening
products5 and their supposedly whitening properties
depend on mechanical biofilm removal with a high
quantity of abrasives.3,5,6 Additionally, they may
contain chemicals that break down organic molecules
of the biofilm, removing chromogens or preventing
their accumulation. Surfactants, enzymes, citrates,
pyrophosphates, and hexametaphosphates are com-
ponents of whitening dentifrices (WDs) and help
degrade stained biofilms, aiding its mechanical
removal.7 However, the presence of peroxides in
dentifrices is less common and is challenging, mainly
due to formulation aspects.7 Therefore, the limited
amount of whitening constituents and the short
contact time with the tooth surface have raised
questions about the real whitening potential of WDs.8

Even so, WDs have been recently shown as more
effective than regular dentifrices (RDs) in removing
extrinsic staining at six weeks, regardless of whether
adjunctive chemical antidiscoloration agents were
present.9 This suggests a potential esthetic effect
resulting from removal of tooth surface discoloration
by using WDs, although it may not translate into
significant color improvement.5 It also has been
shown that, even in the absence of a real objective
whitening effect, WDs may generate a subjective
patient perception of an improved, whiter smile.10

However, time required for WDs to reach a
whitening-like effect demands further clarification.
For instance, although the ADA Acceptance Program
Guidelines for Home-Use Tooth Stain Removal
Products11 recommends a minimum six-week as-
sessment time for studies involving WDs, studies
have shown significant effect at earlier periods12 and
improved effect with increasing treatment time.13

The basis for the widespread recommendation of
any therapeutic agent involves the production of
clinically proven effects,2 regardless of the mechanism
of action involved. In this sense, how WDs compare
with other home-whitening products, including those
that contain whitening substances and those that
require professional supervision,5 is paramount to
recommend its clinical use. Additionally, safety issues
such as allergic responses, abrasion of teeth and
restorations, and other undesirable responses should
be crystal clear, because these whitening products
require no prescription or professional supervision.4

Therefore, this systematic review aimed to verify
whether WDs are as effective and safe as RDs and as
other home-based tooth whitening products and to
verify the effect of application time on whitening
efficacy. The hypotheses were that 1) WDs are more
effective than RDs and produce more adverse effects;
2) the whitening effect improves as application time
increases; and 3) WDs are as effective and safe as
other home-based tooth whitening products.

METHODS

This systematic review was built based on the
recommendations of the Cochrane Handbook for
Systematic Reviews of Interventions and the Trans-
parent Reporting of Systematic Reviews and Meta-
analyses14,15 and focused on answering the questions
that follow: are WDs as effective and as safe as 1)
RDs and 2) other home-based whitening products;
and what is the effect of application time on tooth
whitening efficacy?

Search Strategy and PICOS Criteria

PICOS criteria involved the following:

Problem: tooth whitening
Intervention: whitening dentifrices
Comparison: regular dentifrices or other home-based
whitening methods
Outcomes: extrinsic stain removal (ESR), color
change, and adverse effects

Studies were randomized controlled clinical trials
written in English, with no restriction of application
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time and outcome measure. Exclusion criteria
involved the following: studies that compared WD
with associated methods or protocols of tooth
whitening and that compared WD with WD, studies
with induced staining, studies without baseline data,
studies that did not assess the desired outcomes,
studies focusing on stain prevention, and studies
with immediate color assessment.

Searches for articles were conducted in March
2017 and June 2018 at NCBI-PubMed, Cochrane-
CENTRAL, EBSCO-Host, and clinicaltrials.gov. The
following search strategy was customized to each
database searched: Dentifrices[MeSH Terms] OR
Toothpastes[MeSH Terms] OR whitening dentifrice
OR whitening toothpaste OR bleaching toothpaste
AND Tooth bleaching[MeSH Terms] OR tooth
whitening OR bleaching, teeth OR tooth stain
removal OR extrinsic stain removal OR pigment
removal. The studies were screened by two indepen-
dent reviewers (AD and RL) in the databases and in
the references of the included studies. Disagree-
ments were solved by two other reviewers (LZ and
SARJ). Additionally, other potentially relevant stud-
ies were searched in the references of the included
studies.

Data Extraction

Data were collected independently by AD and RL
into previously prepared extraction worksheets with
information relative to the published article and
characteristics of the study, participants, interven-
tions, and outcomes in each experimental group.
Authors of the studies were contacted by email to
solve methodologic concerns or to obtain outcome
data. Studies in which the data variability was
expressed using SE had it converted to SD using the
following equation: SD = SE

ffiffiffi
n
p

, where n is the
number of participants in each group.

Outcome Measures

Efficacy of the interventions was expressed as the
capacity of ESR or color change. The former was
assessed using the Lobene stain index,16 the Lobene
stain index modified by Macpherson,17 and the Shaw
and Murray index.18 The first two indexes generate
ordinal measures of stain intensity and area and
may also merge both into a composite index. The
Shaw and Murray index sums the number of stained
squares from a standard grid superposed to the tooth
surface. Color variation was assessed through the
yellowing change summary measure Db*, the light-
ness change summary measure DL*, and the
nondirectional color change summary measure DE*

resulting from the tridimensional color space CIE-
L*a*b*19 and by the score difference of shade tabs in
Vita Classical and Vita 3D Master shade guides. All
efficacy measures generated continuous variables.

Safety was assessed as the occurrence of adverse
effects resulting from either using the WD or the RD/
other whitening intervention and was analyzed as a
dichotomous variable.

Methodologic Quality of the Studies

The Risk of Bias tool 2.0 from the Cochrane
Collaboration20 was applied to each individual study
to determine the presence of bias resulting from 1)
the randomization process, 2) deviations from in-
tended interventions, 3) missing outcome data, 4)
measurement of the outcome, and 5) selection of the
reported result. Each study was classified as low
risk, high risk, or some concerns for these domains,
and an overall risk of bias was designated.

Data Analysis

ESR was expressed as change in staining area,
intensity, or in the composite mean score after the
interventions. The mean difference was calculated as
follows:

D ¼ l1 � l2

where l1 and l2 are the mean area, intensity, or
composite score before and after the interventions,
respectively.21 Because the composite score appeared
to have been calculated differently in different
studies, and considering that it derives from original
data of stain area and intensity, it is described in the
tables; however, it was not meta-analyzed.

The SD of the difference between before and after
the interventions was determined through the
following equation:

Sdiff ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S2

1 þ S2
2 � 2 3 r 3 S1 3 S2

q
;

where S1 and S2 are the SDs of before and after the
interventions, respectively, and r is the coefficient of
correlation between before and after scores.14,21

Because no study provided data of the difference to
calculate r, sensitivity analysis was undertaken
involving the comparisons at six weeks and simulat-
ing r=0, r=0.5, and r=0.9. Because no difference in
the pooled effect size measured or in the 95%
confidence interval (95% CI) was detected, one
adopted the r value that generated the lowest
heterogeneity between data (r=0). Heterogeneity
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was verified using the I2 test with a significance level
,0.10. Data were meta-analyzed with the inverse
variance method and random effects model. To meta-
analyze data generated using the Vita Classical
shade guide, the SD data of Ghassemi and others22

was used to calculate r to obtain the SD of the
difference for Ghassemi and others.13

In the presence of high heterogeneity, sensitivity
analysis was undertaken using the ‘‘leave-one-out’’
method to identify the role of each individual study
on the final effect size measure. Subgroup meta-
analyses were undertaken to analyze the hypothesis
that whitening efficacy of the WD would rely on
application time.

Adverse effects data were meta-analyzed using
Mantel-Haenszel with 95% CI and a random effects
model. Studies with no adverse effects reported in
either group were not included in the meta-analysis.
All meta-analyses were performed in RevMan 5.3.23

The quality of evidence generated for each outcome
was analyzed using The Grading of Recommenda-
tions Assessment, Development and Evaluation
(GRADE), considering as parameters the study
design, risk of bias, inconsistency, indirect evidence,
imprecision, and publication bias.14,24 Publication
bias was assessed by analyzing the symmetry of
distribution of the studies around the effect size
measure in funnel plots when at least 10 studies
were present.

RESULTS

One hundred forty-four potential studies were
identified out of 8329 references. Another 15 studies
were found by hand search in the references of the

included studies (Figure 1). Full-text reading of 76
studies led to exclusion of 36 studies. The remaining
40 studies were included in the qualitative analysis.
The Online Appendix file contains complementary
information on sensitivity analysis adopted to calcu-
late the SD of studies that did not provide this data;
the reasons for exclusion of studies; qualitative
description of study design, participants, interven-
tions and results; details on decisions related to risk
of bias; publication bias; and grading of evidence.

Comparison WD 3 RD

Twelve studies qualitatively expressed ESR assessed
through Lobene, Lobene modified by Macpherson
(composite index), and the Shaw and Murray
index.13,25–35 All 12 studies revealed higher stain
removal with the WD than with the RD, behavior
that was confirmed by the meta-analysis of stain
area and intensity using either Lobene (11 stud-
ies12,36–45 with 1962 participants) or Lobene modi-
fied by Macpherson (6 studies13,22,46–49 with 2576
participants) indexes (Table 1). For either outcome,
the heterogeneity level was considered high (72%-
91%). The risk of bias was rated serious, because
most studies had raised concerns about the random-
ization process, with possible deviations from in-
tended interventions that could include allocation
concealment and about blinding of outcome asses-
sors, leading to concerns in the overall bias.
Indirectness and imprecision were not relevant
issues; publication bias was not considered an issue,
because the distribution of the studies in the funnel
plots of the Lobene stain index was fairly symmet-
rical. The level of evidence was rated low.

Table 1: Results of the Comparison Between WD and RD

Outcome Comparison
(n)

Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

Reduction of stained
area (LSI)

WD (n=992) 3 RD (n=970) 11 studies; 17 comparisons �0.33 [�0.41; �0.25]a 0.00001 72%

Reduction of stained
area (MLSI)

WD (n=1300) 3 RD (n=1276) 6 studies; 8 comparisons �0.42 [�0.58; �0.25]a 0.00001 91%

Reduction of stain
intensity (LSI)

WD (n=992) 3 RD (n=970) 11 studies; 17 comparisons �0.34 [�0.44; �0.25]a 0.00001 78%

Reduction of stain
intensity (MLSI)

WD (n=1300) 3 RD (n=1276) 6 studies; 8 comparisons �0.30 [�0.39; �0.21]a 0.00001 78%

Vita Classic shade
guide

WD (n=674) 3 RD (n=648) 3 studies; 4 comparisons �1.80 [�2.33; �1.26]a 0.00001 96%

Adverse effects WD (n=664) 3 RD (n=658) 4 studies; 5 comparisons 1.74 [1.20;2.52]b 0.003 0%

Abbreviations: LSI, Lobene stain index; MLSI, Macpherson modified Lobene stain index; RD, regular dentifrice; WD, whitening dentifrice.
a Mean difference [95% CI]: negative results favor the WD.
b Risk ratio [95% CI]: results above 1 favor the RD.
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Figure 1. Flow diagram of the study.
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One study assessed color change using the Vita 3D
Master shade guide and found no significant influ-
ence of the type of dentifrice.10 On the other hand,
color change assessed using the Vita Classical shade
guide, when meta-analyzed (three studies13,22,50

involving 1322 participants), generated a mean
1.80 whiter shade tab, favoring the WD (Table 1).
Heterogeneity was rated high, and risk of bias was
rated serious due to concerns regarding the random-
ization process and potential deviations from intend-
ed interventions. Again, indirectness and impreci-
sion were not serious; publication bias was not
assessed due to the limited number of studies. The
level of evidence was rated low.

Three studies assessed color change through Ds
(which represented the before-after color change in
each CIEL*a*b* axis and the overall color
change).8,25,51 Koertge and others25 observed a
higher Db* (reduction of yellowness) with the
whitening dentifrices. Horn and others,8 comparing
three WD with a RD, noticed that only one WD
produced significantly higher DE* than the RD.
Pintado-Palomino and others51 observed no signifi-
cant difference in DE* comparing two WD and a RD.

Eleven studies assessed the occurrence of adverse
effects associated with the treatment.13,25–31,35,51,52

In nine studies, no adverse effect was identified
throughout the study.13,25–28,30,31,35,51 The other two
studies reported similar adverse events associated to
either treatment group.29,52 On the other hand,
when meta-analyzed, the adverse effects of four
other studies53–56 involving five comparisons were
lower with the RD (Table 1). No heterogeneity
between studies was identified. Risk of bias was
rated serious due to concerns regarding the random-

ization process and potential deviations from intend-
ed interventions that led to concerns in overall risk
of bias. Indirectness and imprecision were not
relevant issues; however, publication bias was not
assessed due to the limited number of studies. The
level of evidence was rated moderate. Gingivitis,
gingival hyperplasia, gingival ulcer, lip ulcer, des-
quamation, tooth sensitivity, pain, and stomatitis
were adverse effects reported as a consequence of
dentifrice use.

Sensitivity analysis revealed no significant shift of
effect size using the leave-one-out method with each
individual study. Subgroup meta-analyses of ESR
considering application time varied from five days to
24 months, and revealed that, for extrinsic stain
area, with the exception of the one-week assessment,
the other time periods favored the WD in at least one
stain index (p,0.05; Table 2). The same behavior
was observed regarding the extrinsic stain intensity
(p,0.05; Table 3). Color change measured by means
of shade tab position was assessed from five days to
six weeks and also favored the WD (p,0.05; Table 4).
Heterogeneity, when measurable, varied from 0% to
81% for ESR and from 0% to 98% for color change
based on shade guide measures.

Comparison WD 3 Paint-on Gel

Two studies57,58 involving 58 participants assessed
color change through DE* and adverse effects
comparing the WD with the paint-on gel. The
meta-analysis revealed no significant difference in
color change or adverse effects measures (p.0.05).
There was no serious concern about heterogeneity
(Table 5). On the other hand, the risk of bias was

Table 2: Difference in Area of ESR (MD [95% CI]) With Either WD or RD in LSI or MLSI Considering Application Time

Time LSI

Comparison
(n)

Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

5 days — — — — —

1 week WD (n=74) 3 RD (n=70) 1 study; 1 comparison �0.12 [�0.29;0.05] 0.17 —

2 weeks WD (n=74) 3 RD (n=70) 1 study; 1 comparison �0.24 [�0.41; �0.07] 0.006 —

3 weeks — — — — —

4 weeks WD (n=46) 3 RD (n=46) 1 study; 1 comparison �0.28 [�0.58;0.02] 0.07 0%

6 weeks WD (n=666) 3 RD (n=652) 9 studies; 15 comparisons �0.34 [�0.45; �0.24] 0.00001 78%

8 weeks WD (n=46) 3 RD (n=46) 1 study; 1 comparison �0.42 [�0.74; �0.10] 0.010 —

12 weeks WD (n=43) 3 RD (n=43) 1 study; 1 comparison �0.35 [�0.51;�0.19] 0.00001 —

24 weeks WD (n=43) 3 RD (n=43) 1 study; 1 comparison �0.38 [�0.53; �0.23] 0.00001 —

Abbreviations: ESR, extrinsic stain removal; LSI, Lobene stain index; MD, mean difference; MLSI, Macpherson modified Lobene stain index; RD, regular dentifrice;
WD, whitening dentifrice.

E82 Operative Dentistry

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-02 via free access



rated serious, because both studies raised concerns
about the randomization process, with possible
deviations from the intended interventions that
could include allocation concealment and missing
outcome data, leading to concerns in the overall bias.
Indirectness and imprecision were not relevant
issues; publication bias was not assessed due to the
limited number of studies. The level of evidence was
rated low.

Comparison WD 3 Whitening Strips

Two studies57,59 involving 87 participants assessed
color change through Db* and DL* and also assessed
adverse effects comparing the WD with whitening
strips. Reduction of yellowness (Db*) and increase of
lightness (DL*) were significantly higher using the
whitening strips (p,0.00001; Table 5). The occur-
rence of adverse effects was not significantly differ-
ent in either group; heterogeneity was a concern only
for adverse effects (I2=59%). On the other hand, the
risk of bias was rated serious, because both studies
raised concerns about the randomization process and
possible deviations from intended interventions that
could include allocation concealment; one of them
also generated concerns about missing outcome data,
leading to concerns in the overall bias. Indirectness
and imprecision were not relevant issues; however,
publication bias was not assessed due to the limited
number of studies. The level of evidence was rated
moderate for color change and low for adverse
effects.

Comparison WD 3 Custom Tray

One study58 involving 29 participants analyzed the
influence of 1% hydrogen peroxide containing acti-
vated WD 3 the tray system containing 5% carbam-

ide peroxide gel. The DE* was 1.49 higher with the
tray system than with the WD (p,0.0014). Ten
participants of the tray system group manifested
oral irritation or tooth sensitivity (66.7%) vs three in
the WD group (21.4%).

DISCUSSION

Whitening dentifrices have been largely commer-
cialized, claiming to contribute to the whitening
effect of teeth. This study proved this claim to be
true, either by ESR or color change. Therefore, the
hypothesis that a whitening-like effect would be
better provided by WDs compared with RDs was
accepted. Also, compared with RDs, WDs induced
more adverse effects. The study also showed that the
whitening effect is not time dependent, with results
showing up as early as five days of dentifrice use,
leading to the rejection of the second hypothesis.
Finally, the whitening efficacy and the potential of
producing adverse effects of the WDs were similar to
most of the other home-based whitening products,
leading to the acceptance of the third hypothesis.

Efficacy was expressed in this study as the
capacity of ESR and color change. Extrinsic dental
staining differs from the intrinsic stain by being a
discolored pellicle adhered to the tooth surface, as
opposed to the inner discoloring caused by medi-
cines, such as tetracycline, dental traumatism, or
aging.60 ESR requires cleansing and polishing
actions produced by abrasive-containing dentifrices
or professional prophylaxis products. Also, the
presence of agents responsible for releasing the
adherent stain or for bleaching chromogens has been
suggested.7

ESR was analyzed using predefined standard
stain indexes. The Lobene stain index16 provides

Table 2: Difference in Area of ESR (MD [95% CI]) With Either WD or RD in LSI or MLSI Considering Application Time (ext.)

Time MLSI

Comparison
(n)

Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

5 days WD (n=143) 3 RD (n=152) 2 studies; 3 comparisons �0.18 [�0.32; �0.03] 0.02 0%

1 week — — — — –

2 weeks WD (n=115) 3 RD (n=126) 1 study; 2 comparisons �0.33 [�0.48; �0.17] 0.0001 0%

3 weeks WD (n=59) 3 RD (n=60) 1 study; 1 comparison �1.36 [�1.59; �1.13] 0.00001 –

4 weeks WD (n=662) 3 RD (n=639) 4 studies; 6 comparisons �0.26 [�0.42; �0.10] 0.001 79%

6 weeks WD (n=260) 3 RD (n=235) 3 studies; 4 comparisons �0.69 [�0.88; �0.51] 0.00001 70%

8 weeks WD (n=61) 3 RD (n=64) 1 study; 1 comparison �0.10 [�0.25; 0.05] 0.19 –

12 weeks — — — — —

24 weeks — — — — —
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an ordinal scale that varies from 0 (no stain) to 3
(heavy stain) for stain intensity and 0 (no stain) to
stain over one third, two thirds, or more than two
thirds of the region (scores 1, 2, and 3, respectively)
for stain area. This is assessed in the gingival region
and the body region of the tooth. Its modification in
2000 by Macpherson and others17 differs by includ-
ing the proximal surfaces of the tooth in the index
and by considering different distributions of stain in
buccal/labial surfaces and lingual/palatal surfaces.
In this sense, the buccal/labial surfaces are catego-
rized as follows: 1 (stain limited to pits/grooves), 2
(stain outside pits/grooves, up to 10% of the area),
and 3 (more than 10% of the area affected), and the
lingual/palatal surfaces are categorized similarly to
the original index. A total of 97% of the studies that
assessed ESR used the Lobene stain index or its
modification. The meta-analysis of stain area and
intensity results favored the WD, regardless of the
stain index used. Area and intensity results varied
0.09 and 0.04 between indexes, respectively, and this
variation was not significant, as revealed by the
overlapping CIs (Table 1). The only study that
assessed ESR with the Shaw and Murray index33

confirmed the higher ESR capacity with the WDs,
proving this significant effect regardless of the
measurement instrument used. The composite index
assessed by Lobene and Macpherson-modified Lo-
bene is a product of the stain area and intensity
scores and was reported by a sufficient number of
studies to provide a meta-analysis. However, the
lack of information about a standardized procedure
for calculation and the evidence of a different scaling
for this index between studies led to the decision for
qualitative presentation of these results only.

The Ds from the tridimensional color space
CIEL*a*b*, widely used in tooth color change
assessments,51,61 revealed significant color change
toward a lighter tooth using some WDs in compar-
ison to the baseline color.8,25,51 In one study, color
change was significant from baseline and similar
with the WDs and the RD,51 whereas in another
study, no color change was observed with either
dentifrice through a four-week assessment period.8

It has been suggested that any overall color change
resulting from WD use implies ESR and should not
be confounded with a real bleaching effect.51 This
effect relies more on the amount and type of abrasive
in the dentifrice51 than on the presence of additional
antidiscoloration chemical agents.9

When color change was assessed by the difference
of shade tab score of the Vita Classical shade guide,
meta-analysis revealed that WDs produced almost
two shade tabs lighter than the RDs (Table 1).
Although the difference of shade tab score was lower
than the difference produced by peroxide-containing
whitening products,61 it was significant toward a
higher color change effect by the WD. In summary,
most studies that assessed color change as a relevant
outcome presented some whitening-like effect as
consequence of WD use.

Considerable heterogeneity, as measured by the
I2, was identified between studies regarding the
efficacy outcomes of the comparison between WD
and RD (Table 1). The presence of significant
heterogeneity indicated that variability higher than
the expected in the effect size measure existed
between studies. This variability should be incorpo-
rated to the model adopting the random effects

Table 3: Difference in Intensity Reduction of Extrinsic Stain (MD [95% CI]) With Either WD or RD in LSI or MLSI Considering
Application Time

Time LSI

Comparison
(n)

Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

5 days — — — — —

1 week WD (n=74) 3 RD (n=70) 1 study; 1 comparison �0.26 [�0.42; �0.10] 0.001 —

2 weeks WD (n=74) 3 RD (n=70) 1 study; 1 comparison �0.63 [�0.79; �0.47] 0.00001 —

3 weeks — — — — —

4 weeks WD (n=46) 3 RD (n=46) 1 study; 1 comparisons �0.16 [�0.45; 0.13] 0.29 0%

6 weeks WD (n=666) 3 RD (n=652) 9 studies; 15 comparisons �0.34 [�0.46; �0.22] 0.00001 81%

8 weeks WD (n=46) 3 RD (n=46) 1 study; 1 comparison �0.26 [�0.54; 0.02] 0.07 —

12 weeks WD (n=43) 3 RD (n=43) 1 study; 1 comparison �0.35 [�0.53; �0.17] 0.0001 —

24 weeks WD (n=43) 3 RD (n=43) 1 study; 1 comparison �0.36 [�0.54; �0.18] 0.0001 —

Abbreviations: LSI, Lobene stain index; MD, mean difference; MLSI, Macpherson modified Lobene stain index; RD, regular dentifrice; WD, whitening dentifrice.
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model, which assumes that the true effect size varies
from one study to another.14 Also, in the presence of
considerable heterogeneity, sensitivity analysis and
subgroup meta-analysis are recommended to aid in
the identification of possible sources of heterogene-
ity, either clinical or methodologic. Demographic and
behavioral characteristics of the participants repre-
sent important sources of heterogeneity,61 as well as
the constitution of the WDs and RDs studied. As to
the latter, it has been previously shown that the
presence of antidiscoloring chemical adjuncts in the
WD does not interfere in the effect size measure.9

The other information, as presented by the primary
studies, does not allow subgroup meta-analysis that
could explain clinical heterogeneity.

A subgroup meta-analysis was set a priori based
on the hypothesis that the total study time and, as a
consequence, the cumulative treatment time, could
improve color change produced by the WDs, as
previously observed.13 Treatment time did not
influence significantly the ESR analyzed using
either Lobene or Macpherson modified Lobene stain
indexes, because in all times tested, starting at five
days and throughout 24 weeks, at least one index
revealed significant results in favor of the WD

(Tables 2 and 3). Similar behavior was observed
when color change was analyzed using the shade
tabs of Vita Classical shade guide (Table 4). From
five days to four weeks, an increasing effect size was
observed toward the WD, stabilizing from four to six
weeks. This suggests that a whitening-like effect
based on superficial abrasion and removal of surface
pigmentation may be observed short term, earlier
than the six-week period recommended by the ADA
guidelines.11

Adverse effects were almost twice more likely to
occur when using the WD (Table 1), with emphasis
on tooth sensitivity and soft tissues repercussions.
Compositional differences of WDs compared with
RDs mainly involve the amount, shape, size, acute-
ness, and hardness of abrasives3 and are probably
related to the occurrence of adverse effects that may
affect quality of life of users, such as pain or
discomfort, and eventually lead to discontinuation
of the treatment. Other adverse effects were not
identified in the primary studies, because they
require other detection approaches. Wear of the
tooth and of restorations, for instance, are seldom
identified by patient report or visual examination,
but they may affect long-term biofilm retention due

Table 3: Difference in Intensity Reduction of Extrinsic Stain (MD [95% CI]) With Either WD or RD in LSI or MLSI Considering
Application Time (ext.)

Time MLSI

Comparison
(n)

Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

5 days WD (n=143) 3 RD (n=152) 2 studies; 3 comparisons �0.15 [�0.27; �0.03] 0.01 0%

1 week — — — — —

2 weeks WD (n=115) 3 RD (n=126) 1 study; 2 comparisons �0.29 [�0.41; �0.16] 0.00001 0%

3 weeks WD (n=59) 3 RD (n=60) 1 study; 1 comparison �0.38 [�0.51; �0.25] 0.00001 —

4 weeks WD (n=662) 3 RD (n=639) 4 studies; 6 comparisons �0.21 [�0.35; �0.08] 0.001 75%

6 weeks WD (n=260) 3 RD (n=235) 3 studies; 4 comparisons �0.49 [�0.58; �0.40] 0.00001 0%

8 weeks WD (n=61) 3 RD (n=64) 1 study; 1 comparison �0.30 [�0.41; �0.28] 0.00001 41%

12 weeks — — — — —

24 weeks — — — — —

Table 4: Difference in Color Change (MD [95% CI]) With Either WD or RD Considering Application Time

Outcome Time Comparison
(n)

Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

Shade position 5 days WD (n=115) 3 RD (n=126) 1 study; 2 comparisons �0.47 [�0.77; �0.17] 0.002 0%

Shade position 2 weeks WD (n=136) 3 RD (n=149) 2 studies; 3 comparisons �1.83 [�3.30; �0.35] 0.02 96%

Shade position 4 weeks WD (n=222) 3 RD (n=198) 3 studies; 4 comparisons �2.28 [�3.30; �1.25] 0.0001 98%

Shade position 6 weeks WD (n=201) 3 RD (n=175) 2 studies; 3 comparisons �2.03 [�2.73; �1.34] 0.00001 92%

Abbreviations: MD, mean difference; RD, regular dentifrice; WD, whitening dentifrice.
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to increased roughness, and even affect the cosmetic
aspect of the smile.3,62

The comparisons of the WD with other home-based
whitening products revealed higher efficacy of the
hydrogen peroxide–containing white strips and a
carbamide peroxide–based tray system. The 18%
carbamide peroxide paint-on gel and the WD
produced similar color change (Table 5). All tooth
whitening systems, including the WD compared
here, had their whitening mechanism based on
liberation of oxygen free radicals through the tooth
structure from peroxide-containing substances.63

These systems have been shown to rely on the
concentration of oxygen-releasing substances and on
time of contact with the tooth structure for their
whitening capacity.61 In this sense, the higher
whitening performance of the white strips and the
tray system is explained by the prolonged contact
time of the whitening peroxides with the tooth
structure, given each whitening regimen (twice a
day for 30 minutes and once a day for six to eight
hours, respectively).57,58 Interestingly, the similar
performance of the paint-on gel in comparison with
the WD may be due to the short application time
regimen (twice a day for 15-30 minutes), regardless
of the substantial difference of hydrogen peroxide
content between them. No significant difference in
occurrence of adverse effects was observed between
the WD and the other whitening methods, excepting
the tray system, which presented a 40% higher
occurrence of oral irritation or tooth sensitivity,58

also possibly associated with the concentration of
peroxide.

Overall risk of bias generated concerns in 85% of
the primary studies. Risk of bias is related to
whether key aspects of the randomized controlled
trial designs were taken into consideration and how,
and these may influence methodologic heterogene-
ity.61 Frequent concerns in primary studies were

related to random sequence generation and devia-
tions from the intended interventions. The latter is
related to allocation concealment to participants,
care providers, and trial personnel and the likelihood
of unbalanced interventions between groups due to
lack of allocation concealment.20 Risk of bias was
considered serious in both comparisons because of
concerns generated in key methodologic issues of the
randomized controlled trials.

Imprecision relates to the sample size required to
correctly reject the null hypothesis21 and was rated
serious for the comparison between the WD and the
paint-on gel. Rating took into consideration the
small sample size based on two studies and the
95% CI that failed to exclude the threshold of no
effect for both efficacy and adverse effects measure-
ment. For the other comparisons, imprecision was
not an issue, considering that the pooled number of
participants in the meta-analyses reached the
minimum required by the Acceptance Program
Guidelines for Home-Use Tooth Stain Removal
Products,11 and the 95% CI of the estimate of
treatment effect excluded the no effect threshold.
However, only 7.5% of the included studies present-
ed a sample size calculation or a rationale to justify
the sample size.

Publication bias is present when the dataset of the
literature misrepresents the true body of evidence
because of a biased sample of relevant studies.21,64 It
may be caused by various reasons, including the
difficulty of publication of negative results, and may
lead to conclusions of significant effects due to
nonidentification of studies with nonsignificant
results.64 Funnel plots display the relationship
between the study size and effect size and represent
absence of publication bias through symmetric
distribution of studies around the mean effect size.21

Funnel plots were generated for ESR analyzed by
the Lobene stain index, because it included more

Table 5: Comparison Between the WD and Other Home-Based Whitening Products

Comparison
(n)

Outcome Number of
Studies and

Comparisons

Effect Size
Measure
[95% CI]

p Heterogeneity
(I 2)

WD (n=28) 3 paint-on gel (n=29) DE* 2 studies; 2 comparisons 0.15 [�1.87;2.18]a 0.88 0%

WD (n=28) 3 paint-on gel (n=30) Adverse effects 2 studies; 2 comparisons 3.74 [0.31;44.98]b 0.30 40%

WD (n=45) 3 white strips (n=42) Db* 2 studies; 3 comparisons 2.37 [2.07;2.66]a,c 0.00001 0%

WD (n=45) 3 white strips (n=42) DL* 2 studies; 3 comparisons 2.14 [1.78;2.49]a,c 0.00001 0%

WD (n=45) 3 white strips (n=42) Adverse effects 2 studies; 3 comparisons 0.60 [0.13;2.80]b 0.52 59%

Abbreviation: WD, whitening dentifrice.
a Mean difference [95% CI].
b Risk ratio [95% CI].
c Favored the white strips.
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than 10 studies and revealed a symmetric distribu-
tion of study sizes around the mean effect size. For
the other outcomes, publication bias was not assess-
able due to the limited number of studies. Caution
during interpretation of results is recommended,
because approximately 80% of the studies were
conducted or sponsored by the manufacturers of
the WDs.

The quality of evidence generated was rated based
on GRADE criteria65 for the recommendation of WD
compared with RD, paint-on gel, and white strips.
The level of evidence for efficacy and adverse effects
produced by the WD in comparison with the RD was
low and moderate, respectively. Risk of bias and
inconsistency was responsible for downgrading evi-
dence of efficacy. The comparison with the paint-on
gel generated a low level of evidence for recommen-
dation of the WD, based on a serious risk of bias and
imprecision. Compared with the white strips, a
moderate level of evidence of efficacy and low level
of adverse effects favored the white strips. The risk
of bias and inconsistency downgraded the level of
evidence for adverse effects. Noteworthy, previous
studies called attention to the low-quality evidence
base of home-based tooth whitening procedures,
highlighting the preponderance of industry-conduct-
ed studies.61,66

This review presented evidence of a whitening-like
effect produced by WDs, taking into consideration all
possible outcome measures and follow-up times
reported. It confirmed the higher ESR capacity of
WDs reported elsewhere9 and revealed greater
adverse effects in comparison to RDs. Finally, it
highlights the demand for high-quality, high-sam-
ple, independent studies to further improve the
quality of the existing evidence.

CONCLUSION

Whitening dentifrices are more effective in reducing
extrinsic stain and producing a whitening-like effect
in teeth than regular dentifrices. Also, they do
produce more adverse effects. The efficacy of the
whitening dentifrice does not seem to rely on
application time. Both, whitening efficacy and
production of adverse effects of whitening dentifrices
are similar to most of the other whitening products.

Caution is recommended when interpreting these
conclusions, because they are impacted by the low
quality of the primary studies, most of which are
sponsored by industry. The limited number of
studies and limited sample size hinder statistically
sound comparisons between whitening dentifrices

and other home-based whitening products. High-
quality evidence requires larger, well-conducted,
independent studies.
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