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Abstract

term effects.

Tooth discoloration is a common cosmetic concern, often addressed using whitening dentifrices (WDFs). This
updated systematic review and meta-analysis aimed to assess the effectiveness of WDFs in decreasing tooth sur-

face discoloration compared to regular dentifrices (RDFs). A comprehensive search of multiple electronic databases
identified 14 randomized controlled trials (RCTs) meeting the inclusion criteria. The meta-analysis showed that WDFs
significantly reduced both the area and intensity of stains, with 94.45% and 77.78% efficacy, respectively. Studies
incorporating adjunctive chemical agents in WDFs showed enhanced stain reduction. Despite significant heterogene-
ity (I>=91%) among the studies, the results consistently favored WDFs over RDFs. Low publication bias was detected,
and sensitivity analyses confirmed the robustness of the findings. These results endorse the utilization of WDFs

for managing extrinsic tooth stains, though further research is needed to standardize methodologies and assess long-
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Introduction

Tooth discoloration or tooth staining is a prevalent
concern among individuals seeking cosmetic dental
interventions[1, 2]. Traditionally, the discoloration of
teeth has been categorized based on the location of the
stain, which can be either internal (intrinsic) or external
(extrinsic) in nature. Additionally, it may be worth con-
sidering a separate category for stains or discoloration
that have become integrated within the tooth structure
(internalized) [3].
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Various products with teeth remove stains, and pig-
ment removal in dentistry targets extrinsic stains caused
by food, smoking, and germs by air polishing with abra-
sive powders such as sodium bicarbonate or glycine, as
shown by Pardo et al.[4]. Chemical compounds such
as hydrogen peroxide assist in the decomposition of
stains[5]. Intrinsic discolorations, resulting from systemic
causes or pharmacological drugs, necessitate more inten-
sive interventions like as oxidizing agents, micro-abra-
sives, or restorative procedures like veneers[6].

Based on the etiology of tooth staining, dentists should
develop a customized treatment plan for each patient. In
proposing this individualized treatment, dentists should
consider the patient’s preferences and expectations, cur-
rent dental condition, and overall oral health [2]. The
available treatment options can range from simple pro-
fessional cleaning to applying bleaching gels that patients
can use at home or under the dentist’s supervision in
the dental office [1]. Some over-the-counter whitening
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products include gels, rinses, whitening strips, and den-
tifrices. Whitening toothpastes have been gaining more
attention from consumers due to their convenience and
affordability. These types of products may be the most
accessible option for many patients and consumers
who are interested in whitening their teeth [7]. Whiten-
ing toothpastes typically contain the following common
abrasive agents: charcoal, calcium carbonate, sodium
bicarbonate (baking soda), dicalcium phosphate dehy-
drate, nanohydroxyapatite, hydrated silica, alumina, per-
lite, calcium pyrophosphate, and diamond powder [2].

The abrasive agents in whitening toothpaste can remove
surface blemishes from the tooth surfaces, creating the
impression that the teeth have undergone a whitening
or coloration change. However, there needs to be more
knowledge about the effectiveness of these whitening
toothpastes compared to other products [1]. Addition-
ally, the effects and alterations caused by these whitening
dentifrices on stained teeth, regardless of the underlying
cause of the staining, still need to be better understood.
Therefore, this meta-analysis aimed to determine the
impact of these dentifrices on the lobe stain index.

Materials and methods

Search strategy

Electronic databases, including PubMed, MEDLINE,
and Scopus reviewed by two independent review-
ers (A and B) based on PRISMA guidelines to iden-
tify relevant clinical trials to July 2024 [8]. The research
protocol was registered on PROSPERO (registra-
tion ID: 654,181). The researchers employed a mul-
tifaceted search strategy, combining Medical Subject
Headings (MeSH) terms and text-based keywords to
identify relevant studies. They also conducted a com-
prehensive review of reference lists from selected

Table 1 Search strategies for PubMed and Scopus data bases
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articles, relevant review papers, and meta-analyses.
The keywords included:"tooth-whitening"OR"tooth-
bleaching"OR"carbamide peroxide"OR"hydrogen per-
oxide OR"bleaching"OR"home-bleaching"OR"vital
bleaching (Table 1)."

Inclusion criteria and study selection

The inclusion criteria were randomized clinical tri-
als (RCTs), articles published in English, articles that
evaluated the outcome of teeth bleaching, articles that
included at least one of the two groups, whitening denti-
frices, and other products. After removing the duplicate
articles, two independent reviewers (A and B) screened
the titles and abstracts of the remaining articles. After
that, the full-text articles were reviewed, and eligibility
was decided upon through a consensus process. Any dis-
agreements were resolved through consensus among the
reviewers.

Data extraction

Two reviewers (A and B) independently extracted data
from the articles using a pre-designed data extrac-
tion form. The extracted information from each article
included author, year, country of origin, name of journal,
number of groups, number of patients in each group,
name of intervention group, name of control group,
mean age of each group, type of the bleaching method,
frequency of use of each bleaching method, evaluation
time, evaluation method, reported adverse effect, the
outcomes (reduction of stained area (LSI, Lobene stain
index), reduction of stain intensity area (LSI, Lobene
stain index), Vita Classic shade guide).

Search engine Search strategy Additional filters Result
PubMed/MEDLINE ("Dentifrices"[Title/Abstract] OR"Toothpastes"[Title/Abstract] English 152
OR"whitening dentifrice"[Title/Abstract] OR"whitening 25 July 2024
toothpaste"[Title/Abstract] OR"bleaching toothpaste"[Title/
Abstract]) AND ("tooth bleaching"[Title/Abstract] OR"tooth
whitening"[Title/Abstract] OR"bleaching teeth"[Title/Abstract]
OR"tooth stain removal"[Title/Abstract] OR"extrinsic stain
removal"[Title/Abstract] OR"pigment removal"[Title/Abstract])
Scopus (TITLE-ABS-KEY (dentifrices) OR TITLE-ABS-KEY (toothpastes) English 775
ORTITLE-ABS-KEY (whitening AND dentifrice) OR TITLE-ABS- 25 July 2024

KEY (whitening AND toothpaste) OR TITLE-ABS-KEY (bleaching
AND toothpaste)) AND (TITLE-ABS-KEY (tooth AND bleaching)
ORTITLE-ABS-KEY (tooth AND whitening) OR TITLE-ABS-KEY
(bleaching, AND teeth) OR TITLE-ABS-KEY (tooth AND stain

AND removal) OR TITLE-ABS-KEY (extrinsic AND stain AND removal)
ORTITLE-ABS-KEY (pigment AND removal)) AND PUBYEAR > 1969

AND PUBYEAR <2025
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Risk of bias assessment

The risk of bias in the included studies was evalu-
ated using the Cochrane Collaboration’s guidelines
for assessing clinical trials [9]. Each study was catego-
rized as having a low, unclear, or high risk of bias based
on predefined criteria. Two reviewers independently
assessed the quality of the articles. Any disagreements
between their evaluations were discussed until an
agreement was reached. In cases where they could not
resolve a discrepancy, a third researcher (C) was con-
sulted to intervene and help determine the final quality
rating for the disputed study.

Quality assessment and bias evaluation

We independently employed the JBI Critical Appraisal
Checklist to assess the quality of RCTs (https://jbi.global/
critical-appraisal-tools), including only those RCTs
deemed to have fair to good quality.

Statistical analysis

A meta-analysis was performed using R version 4.4.0 to
evaluate the effectiveness and side effects of whitening
dentifrices compared to other products. For continuous
outcomes, the analysis used the Mean Difference (MD)
with 95% confidence intervals (CIs), while for dichoto-
mous outcomes, it applied the risk difference (RD) with
95% Cls.

Heterogeneity among studies was assessed using
the Chi-square and I-square tests. To identify poten-
tial sources of heterogeneity, a subgroup analysis was
conducted. The I2 statistic was used to assess heteroge-
neity among the studies, and all statistical tests were two-
tailed, with significance defined by a p-value of less than
0.05.

Publication bias assessment

Egger’s regression test was applied to assess the possibil-
ity of publication bias. When Egger’s regression detected
significant publication bias (p< 0.05), the reviewers
employed the Trim and Fill analysis to estimate any
potentially missing effect sizes and to recalculate the
overall pooled effect, adjusting for the impact of the sus-
pected publication bias [10, 11].

Sensitivity analysis

As part of the meta-analysis, the researchers also per-
formed a sensitivity analysis to evaluate whether the
results heavily depend on any study included in the
review. This involved the one-study-removed method,
where each study was sequentially removed, and the
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impact on the overall findings and conclusions of the
meta-analysis was assessed [12].

Results

Study and subject characteristics

The aggregate number of participants in all included
studies is 1,597. The investigations were performed in
many countries, including the USA, Canada, the UK,
China, Brazil, and Italy, with sample sizes varying from
40 to 200 individuals. The majority of studies had more
than 80 participants, with the biggest being 200 persons.
The trials primarily examined the efficacy of WDF over
normal dentifrices (RDF) in stain elimination, decrease of
extrinsic pigmentation, and enhancements in plaque and
gingival bleeding indicators. The research populations
were varied, including numerous geographic regions, so
guaranteeing extensive coverage of distinct demographic
groupings.

Efficacy of whitening dentifrices

+ Most studies demonstrated that whitening denti-
frices (WDF) were significantly more effective than
regular dentifrices (RDF) in reducing tooth stain area
and intensity.

o 94.45% of the studies (17/18) reported a posi-
tive effect of WDF on reducing stain area[13-22],
77.78% (14/18) on reducing stain intensity[13-20,
22], and 100% (4/4) on improving composite stain
scores[21, 23, 24].

Efficacy with and without adjunctive chemical agents:

+ WDFs containing adjunctive chemical agents (e.g.,
triclosan, PVM/MA copolymer, hexametaphosphate)
were effective in 91.67% (11/12) of studies for stain
area[13-22], 66.67% (8/12) for stain intensity[13-20,
22], and 100% (2/2) for composite scores[23, 24].

+ WDFs without adjunctive chemical agents showed
100% efficacy in reducing stain area and intensity
across the studies.

Study and subject characteristics and outcome results

The studies considered in the analysis showed significant
heterogeneity. All 14 papers considered in the analysis
were randomized controlled trials. ETD’s clinical param-
eters and adjustments are reported for each intervention
group, including baseline, end, and incremental changes.

(Fig. 1).
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Fig. 1 Prisma flow diagram

Descriptive analysis

The original authors provided a thorough analysis of the
key differences in tooth discoloration between WDF and
RDE. In terms of staining area, intensity, and overall com-
posite score, most comparisons showed a significant ben-
efit for WDF (Figs. 2, 3,4, 5, 6 and 7).

Meta-analysis

The meta-analysis evaluated baseline and final scores
for stain area, intensity, and composite indices utilizing
data from several clinical investigations. The findings
consistently indicated that WDF formulations were
much more successful in diminishing extrinsic stains
compared to RDFE. Research including several WDF
formulations, such as those containing silica, hexamet-
aphosphate, arginine, and supplementary agents, shown
a significant reduction in LSI scores. The results were
uniform across all demographics and testing method-
ologies, demonstrating considerable improvements
in stain removal in WDF groups. The meta-analysis

demonstrated that WDF formulations offer enhanced
stain control relative to RDF, hence affirming its effi-
cacy in addressing extrinsic pigmentation (Table 2).

Publication bias and sensitivity analysis

The funnel plot and Egger’s regression test demon-
strated low publication bias, which suggests that the
findings of the meta-analysis are credible. The sensi-
tivity analysis provided further evidence for the trust-
worthiness of the findings, showing similar patterns in
the data even when individual studies were excluded.
The findings consistently supported the superiority of
WDFs over RDFs, hence validating the conclusion that
WDFs are very efficient in decreasing tooth surface
stains. The I2 statistic indicates a significant degree of
variability with an index of 91%. The notable variability
seen suggests that although WDFs generally succeed,
their efficacy may vary based on the specific product
mix, usage frequency, and individual patient attributes
(Tables 3, 4 and 5).
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Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Ayad et al. 2002 47 165 02900 46 1.65 02600 -"" 000 [-0.11;0.11] 10.4% 10.4%
Avad et al. A 2000 42 104 03200 21 096 0.2700 41‘—— 0.08 [-0.07,0.23] 5.8% 58%
Ayad etal. AJCD 1999 40 1.03 03200 20 1.00 0.2700 . . 0.03 [-0.12,0.18] 55% 5.5%
Ayad etal. B JCD 1999 41 123 03100 23 1.23 0.2300 —. 0.00 [-0.13;0.13] 7.3% 7.3%
Ayad et al. B 2000 44 099 02500 27 0.99 0.2300 - 0.00 [0.11;0.11] 10.1% 10.1%
Li et al. 2007 30 04502600 33 043 02500 — 0.02 [-0.11;0.15] 82% 82%
Mankodi et al. 1999 40 075 04500 39 0.52 0.4200 = 0.23 [0.04;042] 36% 36%
Nathoo et al. A 1999 40 0.88 03900 39 068 0.3500 T 0.20 [0.04;0.36] 49% 49%
Nathoo et al. A 2002 43 172 04700 20 1.73 0.4500 -0.01 [-0.25;0.23] 2.2% 22%
Nathoo etal. A 2011 49 1.74 04900 22 1.70 0.4600 — 0.04 [-0.20,0.28] 2.3% 2.3%
Nathoo et al. B 2002 39 172 06600 19 1.70 0.5900 0.03 [-0.31;0.36) 1.2% 12%
Nathoo et al. B 2011 51 160 04900 35 1.50 04700 0.10 [-0.11;0.31] 31% 31%
Sharma et al. A 1999 40 087 0.3500 40 0.83 0.3400 - 0.04 [-0.11;0.19] 57% 57%
Sharma et al. B 1999 40 087 03300 40 0.81 0.3500 ~|—0~ 0.06 [-0.09;0.21] 5.9% 59%
Sielski et al. 2002 30 1.03 0.3100 32 1.01 0.2800 N 0.02 [-0.13;0.17) 6.0% 6.0%
Singh et al. 2002 32 1.04 0.3400 30 0.95 0.3300 ‘I"‘— 0.09 [-0.08; 0.26] 4.7% 4.7%
Yankell et al. A 1999 30 089 04300 30 0.87 0.4100 —h— 0.02 [-0.19;0.23] 29% 29%
Yankell et al. B 1999 44 197 04200 15 1.97 0.4200 0.00 [-0.25;0.25] 22% 22%
Yankell et al. C 1999 45 163 04600 29 1.47 0.4400 0.16 [-0.05;0.37] 3.0% 3.0%
Yinetal 2010 46 242 04800 47 241 04700 —— 0.01 [-0.18;0.20] 35% 35%
Butera et al. 2023 20 22506400 20 1.85 06700 040 [-0.01;0.81] 0.8% 0.8%
Butera et al. 2023 20 205 06000 20 1.90 0.7200 0.15 [-0.26; 0.56] 0.8% 0.8%
Common effect model 853 647 N2 0.05 [0.02; 0.09] 100.0% .
Random effects model ¢ 0.05 [0.02; 0.09] . 100.0%
Heterogeneity: ?=0%, =0, p=085 J J
-05 0 05
Fig. 2 Forest plot of the meta-analysis for Staining area score at baseline for the Lobene Stain Index
g 7 L]
ug'l = ° ’ o
04 02 00 02 04
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Fig. 3 Funnel plot of the meta-analysis for Staining area score at baseline for the Lobene Stain Index

Quality assessment Meta-analysis results

The included studies exhibited typically excellent quality,

with JBI quality assessment ratings between 10/13 and o Stain Area Reduction: Significant improvement in

13/13 for RCTs, and we incorporated only RCTs of fair to stain area scores for WDF over RDF in 94.45% of

good quality[28]. studies.
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Fig. 4 Sensitivity analysis of the meta-analysis for Staining area score at baseline for the Lobene Stain Index

Experimental Control
Study Total Mean SD Total Mean SD
Avyad et al. 2002 47 067 02500 46 1.350.2300
Ayad et al. A 2000 42 068 02300 21 1.38 0.4000
Ayad etal. A JCD 1999 40 071 01300 20 1.21 0.3700
Ayad etal. B JCD 1999 41 09502900 20 1.21 0.3700
Ayad et al. B 2000 44 104 03700 21 1.38 0.4000
Li et al. 2007 98 0.94 02000 97 1.05 0.2000
Mankodi et al. 1999 40 043 02500 39 0.73 0.2300
Nathoo et al. A 1999 59 0.79 0.3600 60 1.52 0.4800
Nathoo et al. A 2002 43 086 03300 20 1.71 0.4600
Nathoo et al. A 2011 40 073 04100 19 152 0.3500
Nathoo et al. B 2002 39 142 05100 20 1.71 0.4600
Nathoo et al. B 2011 39 07104600 19 152 0.3500
Sharma et al. A 1999 52 044 03000 23 1.050.4000
Sharma et al. B 1999 50 0.74 0.3700 23 1.05 0.4000
Sielski et al. 2002 50 0.37 0.2800 47 0.86 0.3000
Singh et al. 2002 43 043 01600 43 0.79 0.2000
Yankell et al. A 1999 43 209 03900 15 229 0.3100
Yankell et al B 1999 44 212 03400 15 229 0.3100
Yankell et al. C 1999 48 212 02900 15 229 0.3100
Yinetal 2010 46 156 06100 46 1.97 0.6300
Butera et al. 2023 20 03504900 20 0.85 0.4900
Butera et al. 2023 20 025 04400 20 0.80 0.5200
Common effect model 988 669

Random effects model

Heterogeneity: 12 = 91%, 12 = 0.0449, p < 0.01
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Fig.5 Forest plot of the meta-analysis for Staining area endscore for the Lobene Stain Index

o Stain Intensity Reduction: There was a significant

reduction in stain intensity for WDF in 77.78% of

studies.
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variable
— Whitening_Mean

Whitening_SD

— Regular_Mean

Regular_SD

Weight Weight
95%-Cl (common) (random)

8.9%
25%
3.0%
25%
21%
26.9%
7.5%
3.7%
1.7%
21%
1.3%
1.9%
25%
23%
6.3%
14.4%
22%
2.4%
27%
1.3%
0.9%
0.9%

100.0%

5.2%
4.6%
47%
46%
4.4%
54%
51%
4.8%
42%
4.4%
4.0%
4.3%
4.6%
4.5%
51%
5.3%
4.5%
4.6%
4.6%
4.0%
3.6%
3.6%

100.0%

+ Composite Stain Score: Significant improvements in
composite stain scores for WDF across all relevant

studies.
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Fig. 6 Funnel plot of the meta-analysis for Staining area endscore for the Lobene Stain Index

Sensitivity Analysis on Whitening and Regular Means and SDs

Whitening_Wean

Regular_Mean

Value

-0.50 0.25 00 025 50
Variation

050

Wihitening_SD

variable
Whitening_Mean
Regular_SD Whitening_SD
B Regular_Mean
Regular_SD

Fig. 7 Sensitivity analysis of the meta-analysis for Staining area endscore for the Lobene Stain Index

Analysis of the base score

The presence of symmetry in the funnel plot implies
the existence of publishing bias, while an asymmetrical
pattern reflects the presence of minor prejudice. Based
on this study, the data points are uniformly spread
around the mean difference, indicating a lack of sig-
nificant publication bias. The sensitivity analysis plot
displays the fluctuations in the means and standard
deviations across several circumstances, namely whit-
ening and regular. The presence of error bars and fluc-
tuations indicates how changes influence the findings.

Consistent patterns seen in the subplots suggest that
the data obtained are dependable. Every horizontal
line in the forest plot corresponds to specific research,
while the diamond summarizes the total impact mag-
nitude. The mean differences are centered about zero,
and the total effect size (represented by a diamond)
suggests a tiny positive impact, with a mean difference
around 0.05. These findings indicate that teeth whiten-
ing toothpastes have a modest but favorable effect on
diminishing tooth surface staining.
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Table 5 A summary of the statistical significance levels comparing the effectiveness of a whitening dentifrice to a regular dentifrice in
reducing tooth stains, as measured by the stain index scores for area, intensity, and composite score

Study Intervention Adjunctive chemical Area Intensity Composite Comparison
agents?
Nathoo et al. (2011) [13] WDF1 No (] ] > RDF
WDF2 No O O >
Yin etal. (2010) [14] WDF No > > O RDF
Nathoo et al. (2008) [27] WDF No > > O RDF
Lietal (2007) [15] WDF Yes > = > RDF
Ayad et al. (2002) [16] WDF No > > O RDF
Nathoo et al. (2002) [17] WDF1 No > > O RDF
WDF2 Yes > = O
Sielski et al. (2002) [18] WDF No > > O RDF
Singh et al. (2002) [19] WDF No > > O RDF
Ayad et al. (2000) [20] WDF1 Yes > > O RDF
WDF2 Yes > > O
Ayad et al. (1999, AJD) [21] WDF1 No O O > RDF
WDF2 Yes O O >
Ayad et al. (1999, JCD) [22] WDF1 Yes > > O RDF
WDF2 Yes > > O
Mankodi et al. (1999) [23] WDF Yes > > O RDF
Sharma et al. (1999) [24] WDF1 Yes > > O RDF
WDF2 Yes > > O
Yankell et al. (1999) [25] WDF1 Yes > > O RDF
WDF2 Yes > = O
WDF3 Yes = = O
WDF2 ? ?
Overall positive for WDF 17/18 14/18 4/4
(94.45%) (77.78%) (100%)
Overall positive for WDF with adjunctive chemical agents 11/12 8/12 2/2
(91.67%) (66.67%) (100%)
Overall positive for WDF without adjunctive chemical agents 6/6 6/6 2/2
(100%) (100%) (100%)

WDF =Whitening dentifrice,

RDF =Regular dentifrice,

> =significant difference in favor of test group (WDF),

< =significant difference in favor of control group (RDF),
= =no significant difference,

O =no data available,

? =inconclusive data that does not allow conclusions concerning statistical significance between groups

Analysis of the end score

The asymmetry in the funnel plot shows the possibility
of publication bias or heterogeneity in the research find-
ings. The points exhibit a certain level of asymmetry and
are distributed unequally, suggesting the presence of bias.
A horizontal line shows each research in the forest plot,
while the diamond summarizes the overall impact mag-
nitude. The mean differences constantly exhibit negative
values, and the total effect size (shown by a diamond)
indicates a mean difference of around — 0.37. These find-
ings suggest that whitening toothpaste effectively lowers

the staining on the surface of teeth. The heterogeneity
index (I?) of 91% indicates a significant level of diversity
across the studies. The sensitivity analysis plot illustrates
the fluctuations in means and standard deviations across
multiple settings, namely whitening and regular condi-
tions. The presence of comparable patterns and error
bars in all subplots indicates the reliability of the results.
Furthermore, the steady rises in values demonstrate the
durability of the findings across numerous changes.
Whitening  dentifrices consistently demonstrated
superior efficacy in reducing tooth surface discoloration
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compared to regular dentifrices. The presence of
adjunctive chemical agents in some WDF formulations
enhanced their effectiveness, although WDFs without
these agents also performed significantly better than
RDFs. The results highlight the importance of formula-
tion in the efficacy of whitening products and provide
robust evidence supporting the use of WDFs for manag-
ing extrinsic tooth stains.

Discussion

This review aimed to evaluate the impact of these denti-
frices on the lobe stain index. Fourteen studies, includ-
ing 22 comparative analyses, were selected for inclusion.
A descriptive summary of statistical significance from
the studies indicated that whitening dentifrices outper-
formed regular dentifrices in at least 77.78% of the com-
parisons. Meta-analysis revealed that the mean difference
in final scores was significant for stain area, intensity, and
composite scores. These results align with conclusions
from earlier narrative reviews by Davies et al. [29], Van
Loveren & Duckworth [30], and Joiner [31].

The meta-analysis showed substantial heterogeneity in
the end scores (12 =91%), while heterogeneity for base-
line scores was minimal (I2 =0%). The low heterogeneity
at baseline suggests that the groups were well-matched
at the beginning of the studies. The high 12 value in the
end scores likely reflects clinical or methodological dif-
ferences—or both—among the studies, which is expected
[32]. Since all studies used a parallel design, no clear meth-
odological cause for this heterogeneity was identified.

The challenge lies in determining the best approach to
analyze studies with high heterogeneity. The Cochrane
Handbook offers several strategies for this [32]. One rec-
ommended approach is a random-effects meta-analysis,
which assumes that study outcomes follow a normal dis-
tribution across different studies.

This method does not replace a comprehensive exami-
nation of heterogeneity; it is mainly intended for cases
where heterogeneity remains unexplained. A large data-
set is required for this approach, as was available in this
review. However, when heterogeneity tests show signifi-
cance, readers should interpret the difference with cau-
tion, as it may not accurately represent the effect within
any specific population studied [33].

In this review, the meta-analyses for composite scores
of stain area were divided based on whether the studies
applied the original Lobene Stain Index [34]. Results for
stain area between these two indices were not merged
due to the use of different cut-off points.

Efficacy of whitening dentifrices
The findings of this comprehensive investigation and syn-
thesis confirm the effectiveness of toothpaste specifically

Page 20 of 22

designed for whitening teeth in decreasing the discol-
oration of tooth surfaces. When comparing conventional
dentifrices (RDFs) to WDFs, most studies found that
WDFs considerably reduced both the size and strength of
tooth stains. More precisely, 94.45% of the studies indi-
cated that WDFs had a beneficial impact on lowering the
area of stains, 77.78% on reducing the severity of stains,
and 100% on improving composite stain ratings. These
results are consistent with earlier research that suggests
that WDFs may efficiently control extrinsic stains by
using abrasive agents that physically eliminate surface
stains.

Adjunctive chemical agents

Using additional chemical agents in some WDF formula-
tions significantly improved their ability to remove stains.
For example, research has shown that WDFs, including
compounds such as triclosan, PVM/MA copolymer, and
hexametaphosphate, demonstrated better outcomes in
91.67% of cases for stain area, 66.67% for stain intensity,
and 100% for composite scores. This indicates that while
the abrasive nature of WDFs is essential, using chemical
agents may provide an additional advantage, most likely
via chemical reactions that dissolve stains or hinder their
attachment to tooth surfaces.

Meta-analysis and statistical considerations

The meta-analysis findings showed that WDFs outper-
formed RDFs regarding stain area and composite scores,
with statistically significant gains. 94.45% of the investi-
gations showed a noteworthy improvement in reducing
the stained area, while 77.78% of the studies showed a
substantial decrease in stain intensity. The composite
stain ratings showed considerable improvement in all rel-
evant investigations. The results were constant even after
doing sensitivity analysis, which verified that the conclu-
sions were not too reliant on any one research.

Implications for clinical practice

These results have significant ramifications for clini-
cal practice. Dentists may suggest WDFs as the primary
choice for patients who want to address external tooth
discoloration, especially those searching for a convenient
and affordable treatment. When choosing products for
patients with difficult stains, it is essential to consider the
improved effectiveness of WDFs when used with other
chemical agents.

Limitations

Although the results are favorable, it is essential to rec-
ognize some constraints. There is significant variation
within studies, indicating the necessity for more stand-
ardized research to separate and identify the effects of
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specific WDF formulations. Furthermore, it is necessary
to perform long-term studies to evaluate the contin-
ued effectiveness and safety of WDFs. Further research
should also examine the influence of WDFs on inher-
ent and internalized discolorations to comprehend their
overall effectiveness fully.

All of the research included in this review assesses
negative consequences, although none indicate that
these consequences were really seen. Nevertheless, tooth
brutal tissue erosion assessment was not included as a
criterion. When there is too much abrasion, the teeth’
enamel and dentin might be damaged. This balances how
well something cleans and how much it wears down the
teeth. Oral care product makers have precisely adjusted
the amount of abrasives in their products to cater to the
particular requirements of consumers in terms of teeth
whitening effectiveness and speed while also controlling
the potential damage to dental hard tissues caused by
the abrasives. This element requires more assessment in
an'in vivo'setting.

Suggestions for future research

Subsequent investigations on the impact of whitening
toothpastes should prioritize examining their long-term
effectiveness and safety, particularly regarding enamel
degradation and dentine sensitivity. Implementing stand-
ardized research methodologies and assessment tech-
niques will improve the comparability and reliability of
findings across different investigations. Examining the
influence of WDFs on inherent and ingrained discol-
orations and evaluating their effectiveness compared to
other teeth whitening techniques will provide a thor-
ough comprehension of their advantages. Detailed inves-
tigations into the abrasiveness of various formulations
are required to find the right balance between effective
cleaning and the risk of tooth damage. To enhance prod-
uct formulations and suggestions, it is crucial to focus on
patient-centered outcomes, conduct subgroup analysis,
and research individual constituents. Ultimately, the safe
and successful use of WDFs in cosmetic dentistry may be
achieved by verifying laboratory results via clinical trials
and diligently monitoring any adverse effects.

Conclusion

In conclusion, this systematic review and meta-analysis
prove that whitening dentifrices effectively reduces tooth
surface discoloration. WDFs outperform regular den-
tifrices in managing extrinsic stains with and without
adjunctive chemical agents. These findings support using
WDFs as a practical and effective solution for tooth whit-
ening in everyday dental care.
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Abbreviations

WDF Whitening dentifrice

RDF Regular dentifrices

RCT Randomized controlled trial
MeSH  Medical Subject Headings
MD Mean Difference

cl Confidence intervals

RD “Risk difference
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