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ABSTRACT: Purpose: To review and assess the literature on in vitro studies evaluating tooth bleaching efficacy
considering the use of a negative control, type of tooth substrate, storage medium, color evaluation methods, and
evaluation time points. Methods: The following databases were searched: PubMed (MEDLINE), Web of Science. Search
used Medical Subject Headings (MeSH) in PubMed in addition to free text. The following limits were applied: English,
articles published between January 1989 and October 2017. Additional free text key terms included: in vitro, tooth
bleaching, placebo, negative control, overall CIELAB color change (AE*ab), change in shade guide units (ASGU), tooth
color stabilization, evaluation time points, bovine tecth, and staining. Search was repeated in Web of Science but no
additional articles were identified. A total of 11 studies were included for qualitative and quantitative analysis. Results:
The meta-analysis of nine included studies that reported AE*ab values, revealed that the NC statistically exceeded the
perceptibility threshold (PT) of 1.2 (P< 0.05). The estimate was 2.872 with lower and upper bounds of 1.955 and 3.790,
respectively. (Am J Dent 2020;33:17-24).

CLINICAL SIGNIFICANCE: Randomized controlled trials are gold standards to evaluate bleaching efficacy of different
materials. However, in vitro studies offer a way to screen for potential bleaching efficacy. It is vital to determine an
appropriate cut-off value for determining bleaching efficacy in vitro and further apply for clinical relevance.
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Introduction

The ever-increasing demand for beautiful teeth has driven
the growth of the global tooth whitening market. The United
States tooth whitening market was valued at $1.7 billion in
2019, and is expected to grow substantially and reach over $2
billion in 2024." Improvements in product efficacy achieved
through advancements in technology are enabling competitive
brands to effectively compete by offering superior product
features and therapeutic benefits."

The International Organization for Standardization (ISO)
creates documents that provide requirements and guidelines to
ensure that materials and products are fit for their purpose.’
Thus, ISO offers a platform for all stakeholders to join together
and create collaborative solutions that yield decisions to
improve and support healthcare. The ISO 28399 standard is one
of the standards obtained through international consensus for
‘Products for External Tooth Bleaching’, that are used for
changing the color of natural teeth towards a lighter or whiter
shade. The standard includes test methods for laboratory assess-
ment of tooth bleaching efficacy.’ Despite the fact that it has
been used widely since its publication in 2011, there still
remain issues to be addressed to identify the most reliable ways
to measure efficacy, determine the best substrate for specimen
preparation, and define how to properly interpret bleaching
efficacy results.

Tooth bleaching efficacy has been evaluated visually with
shade guides and instrumentally with electronic color meas-
uring devices. Frequently used devices are spectrophotometers,
colorimeters, and imaging systems for traditional digital
imaging and spectral imaging. The ‘ISO/TR 28642’ outlines
the interpretation of color compatibility results under controlled
conditions and methods. Based on the report, color compati-
bility between dental materials and human tissues present a
very good match if the color difference is at or below AE*ab

=1.2, while a difference above AE*ab=2.7 is considered to be
an unacceptable match.* Thus, the use of perceptibility (PT)
and acceptability thresholds (AT) are clearly defined for dental
materials and human tissues related to color compatibility. A
few studies™® have proposed the use of perceptibility and
acceptability threshold as a reference number to determine
bleaching efficacy. The use of a negative control group is a
common practice for in vitro studies™® to confirm the validity of
the experimental design and procedure. However, the applica-
tion of thresholds for the interpretation of bleaching efficacy
with regards to values obtained from the negative control
groups has not been fully investigated.

Another important aspect for bleaching efficacy interpre-
tation is the time point of post-bleaching tooth color measure-
ment. Laboratory studies that evaluated the efficacy of
bleaching materials on extracted human or bovine teeth either
did not report when the post bleaching measurement was made
or made measurements ranging from immediately after bleach-
ing treatment to up to 6 months post treatment. A study’ that
measured post-bleaching tooth color at different time points
showed an increase in overall color change (AE*ab) and light-
ness (AL*) up to 1 week followed by a gradual stabilization at 6
weeks post bleaching. This is in accordance with clinical
recommendations to wait for 2-6 weeks for the post bleaching
color to stabilize."

Therefore, this study reviewed the literature on in vitro
studies evaluating bleaching efficacy considering the use of a
negative control, type of tooth substrate, storage medium, color
evaluation methods, and evaluation time points. The first null
hypothesis tested was that the overall color change (AE*ab) of
the negative control groups measured instrumentally would not
exceed the PT of 1.2. Additionally, the change in shade guide
units (ASGU) of the negative control groups measured visually
would not be equal to zero.
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Table 1. Characteristics of excluded studies (N=47).
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Fig. 1. Review process flow diagram.

Materials and Methods

Selection criteria of studies - Types of studies - All in vitro
studies comparing bleaching methods based on the classifica-
tion into four categories were evaluated:'' professionally ap-
plied in-office (OW), professionally dispensed at-home (HW),
over-the-counter (OTC) tooth bleaching products or do-it-
yourself (DIY) bleaching material (via chemical bleaching
action) with a negative control group were included.

Types of test substrates - Extracted human or bovine teeth that
were unstained or artificially stained were considered.

Types of interventions - OW, HW, OTC, or DIY bleaching
materials that have a bleaching action rather than an abrasive
action to remove superficial stains were considered. Various
forms and delivery systems such as gels, paste, liquids, trays,
paint-on films, bleaching strips, with or without light-activation
systems were included.

Types of outcome measures - The data assessing bleaching
efficacy are determined using one of the two methods:

1. Visual measurements by examiners using acceptable shade
guides (e.g. VITA Classical® or VITA Bleachedguide 3D-
Master®) or equivalent guides. The shade guide tabs are ordered
according to value where lower numbers indicate higher value
or lightness. The change in shade guide units (ASGU) was cal-
culated by subtracting the number of post-treatment (post-tx)
tabs to the baseline tabs.

2. Instrumental measurements obtained using digital imaging/
software, spectrophotometers, and colorimeters. These instru-
ments provide the value of three color-coordinates: Lightness
(L*) ranging from 0 to 100 black representing black and white,
respectively; chroma in red-green (a*); and chroma in yellow-
blue (b*). AE*ab was computed by the square root of the sum
of squared values of the differences in the L*a*b* scales be-
tween the baseline and follow-up assessments as described by
the Commission International de L’Eclairage.”” The overall

Name Year Reason for exclusion

White™ 2000 No data on AE*ab available

Pretty® 2001 Evaluation of stain removal efficacy

Clelland”’ 2002 AE*ab not reported for the negative
control group

White™ 2002 No data on AE*ab available

Dostalova® 2004 ASGU not reported for the negative
control group

Wetter™ 2004 No negative control

Wetter®! 2004 No data on AE*ab available

Sulieman™ 2005 No negative control: negative control
used was light activated with Xe/Halogen,
Plasma arc, Optilux, laser diode

Wiegand™ 2005 No negative control

Adeyemi™ 2006 Evaluation of stain removal efficacy

Dietschi®® 2006 No negative control

Duschner*® 2006 No data on AE*ab available

Sulieman®’ 2006 No negative control

Joiner®® 2008 Evaluation of stain removal efficacy

Lee® 2008 Evaluation of stain removal efficacy

Lima* 2008 Evaluation of stain removal efficacy

Manton*! 2008 No negative control

Patel* 2008 No data on AE*ab available

Polydorou* 2008 No negative control

Wriedt* 2008 No negative control

Bruzell® 2009 No negative control

Goharkhay*® 2009 No negative control

Lima*’ 2009 No negative control

Al Machot*® 2010 AE*ab and ASGU not reported for the
negative control group

Dietschi®’ 2010 No negative control

Markovic® 2010 No negative control

Scaminaci Russo®’ 2010 Measured the color stability of bleached

and non-bleached teeth to staining cycles

Travassos™ 2010 No negative control

Borges® 2011 No negative control

Caneppele™ 2011 AE*ab not reported for the negative
control group

Llambes™ 2011 No negative control

Cunha® 2012 No negative control

D'Arce”’ 2012 No negative control

Grundlingh®® 2012 ASGU not reported for the negative
control group

Liang® 2012 No negative control

Lima® 2012 No negative control

Fornaini® 2013 No negative control

Hahn® 2013 No negative control

Jin® 2013 No negative control

Kwon, Wang® 2013 Bleaching efficacy was measured on
enamel and dentin specimens separately

Kwon, Wertz®” 2013 No negative control

Liang® 2013 No negative control

Tam"’ 2013 In situ study

Bennett®® 2015 No data on AE*ab available

Kwon, Kurti® 2015 No negative control

Bortolatto™ 2016 No negative control

Kwon, Dawson’" 2016 No negative control

color change does not indicate the direction of change in the
composite assessment of tooth color. In this review, however,
given that all materials produce whiter teeth, the direction of
change is positive towards an increase in lightness and negative
towards a reduction in yellow-blue chroma.

Studies that measured tooth color visually or instrumentally
and reported AE*ab or ASGU were included.

Quality assessment of studies - Included studies were assessed
on three criteria: randomization of specimens (yes, no, not
reported); blinding of operators and examiners (yes, no, not
reported); and information on the training of operators and exa-
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Table 2. Characteristics of included studies with instrumental measurements.
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Storage Summary
Author Year Substrate medium Groups N Instrument of data Measurements
Jones' 1999 Human teeth Distilled Minolta Mean AE* at Baseline at 1 wk and at 2 wks
Maxillary water CR-221 2 wks of Tx SE Not clear how much time elapsed
central incisors NC: Distilled water 10 1.1 047 after post tx to measurement
HW: 10% CP (2 hrs x 14) 10 5.7 0.74
OW: 35% HP with argon 10 2.7 0.44
(3 min appl with 30 sec
laser x 5)
Kishta- 2007 Human teeth Artificial Minolta Mean AE* Baseline, at 1 wk and at 2 wks
Derani'® Maxillary saliva CR321 at 2 wks of Tx SD Not clear how much time elapsed
anterior teeth NC: Atrtificial saliva 12 29 1.55 after post tx to measurement
OTC: 10 % CP (one paint 12 38 1.81
application x14)
OTC: 19% sodium per- 12 5.6 1.84
carbonate (one paint
application x14)
OTC: Urea peroxide (one 12 44 1.89
paint application x 14)
OTC: 8.7% HP (one paint 12 5.5 2.15
application x14)
Knosel® 2011 Human teeth Attificial Photoshop Mean AE* CI Baseline, 2, 4, 12, 26 wks post
Incisors and saliva digital images at2 wks of Tx 95% bleaching
Canines NC: No treatment 77 39 3.37:435
HW: 15% CP (8 hrs x 5) 71 6.9 5.55:7.12
OW: 38% HP (3 x15 min) 71 6.3 545:7.17
Meireles'* 2012 Bovine teeth Distilled Vita Mean AE* Baseline, 1 wk at tx and 1 wk post
Incisors 6x6x3 water Easyshade at 1 wk Post-Tx SD X
Mm blocks NC: Distilled water 15 55 29
HW: 10% CP (4 hrs x14) 15 15.1 5
OW: 37% CP with light 15 13.6 35
activation (60 min x 3)
Kwon, 2013 Human teeth Artificial Vita Mean AE* Baseline, 1-hr, 1 day, 1-, 4-, 8-, 12-,
Oyoyo'® canines saliva Easyshade at 4 wks Post-Tx SD 16-, 20-, 24 wks post tx
NC: Opalescence Boost Bases 10 1.2 0.6
OW: 40% HP (60 min x 3) 10 79 3.1
OW: 40% HP with light 10 14.6 3.1
activation (60 min x 3)
Dantas'’ 2015 Bovine teeth Artificial Vita Mean AE* CI Baseline 7-, 14-, 21-days post tx
6x6x2 mm saliva Easyshade at 2 wks Post-Tx 95%
blocks NC: No treatment 15 43 1.8
HW:10% CP (4 hrs x14) 15 10.5 1.8
OW:35% HP (45 min x2) 15 10.7 1.8
Kwon, 2015 Human teeth Artificial Vita Mean AE* Baseline 1-week, 1-month, and 3-
Meharry” Molars saliva Easyshade at 1 wk Post-Tx SD month post tx
NC: Water of Grade 3 20 32 2
DIY: Strawberry mix (5 min x3) 20 4 1.9
OTC: 9.5 % HP Strips 2 hrs x7) 20 10 2.6
HW: 10% CP (6 hrs x 14) 20 13.8 24
OW: 25% HP Zoom light (45 20 17.3 33
min x 3)
Park?' 2016  Human teeth Artificial Vita Mean AE* Baseline, 1-day and 1-month post
Molars saliva Easyshade at | mt Post-Tx SD tx
NC: Glycerin Gel 15 14 0.7
OW: 20% HP (30 min x 3) 15 11.7 2.8
OW: 25% HP (30 min x 3) 15 10 2.8
OW: 25% HP with light 15 15.1 22
activation (30 min x 3)
Santana™* 2016 Human teeth Humid Photoshop Mean AE* Baseline, 12 hrs post tx
Third molars environment digital images at 12 hrs Post-Tx SD
3x3x3 mm blocks
C: Distilled water 10 3 2
OW: 37.5 % HP (8 min x 4) 10 4 3

* Stained teeth.

miners (yes, no, not reported). The overall rating of bias was
modified to fit the study and based on the scale reported in the
Risk of Bias tool 2.0 of Cochrane Collaboration and applied to
included studies.” Studies that met all the criteria for evaluating
quality, were rated with ’low’ bias. Studies that met partly, one

or more of the criteria, were rated with moderate’ bias. Studies
that did not meet one or more of the criteria were rated with
‘high’ potential for bias.

Search methods for identification of studies - The following
databases were searched: PubMed (MEDLINE), Web of Sci-
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ence. Search used Medical Subject Headings (MeSH) in
PubMed in addition to free text. The following limits were
applied: English, articles published between January 1989 and
October 2017. Additional free text key terms included: in vitro,
tooth bleaching, placebo, negative control, overall color change
(AE*ab), change in shade guide units (ASGU), tooth color
stabilization, evaluation time points, bovine teeth, and staining.
The search was repeated in Web of Science but no additional
articles were identified.

Search strategy - Search ("Tooth Bleaching/methods" [Mesh]
OR "Tooth Bleaching/statistics and numerical data"[Mesh]) in
vitro Sort by: Relevance, Filters: Publication date from
1989/01/01 to 2017/10/01; English.

Data collection and analysis - A total of 209 articles were
retrieved from the initial search after removing all duplicates.
Two authors (SR and MW) independently reviewed the titles
and abstracts of all articles. Disagreements between the two
review authors were resolved by consensus. Upon abstract
review, 151 articles did not meet the inclusion criteria and were
excluded. Full copies were obtained of all remaining articles,
which also included those where there was uncertainty about
the inclusion criteria. Full text articles of 58 titles'*"" were
further reviewed to extract data and confirm uncertainties of
inclusion criteria based on the abstract review (Fig 1). Details
of studies excluded following this stage were entered into the
characteristics of excluded studies (Table 1).

Heterogeneity was verified using the 12 test with a
significance level P< 0.10. Data were meta-analyzed with the
inverse variance method and random effects model. To meta-
analyze data generated using the overall color change (AE*ab)
and the change in Vita Classical shade guide units (ASGU), the
confidence intervals or standard errors were converted to
standard deviation data. One study' did not specify whether the
interval provided for variability was a confidence interval. We
assumed the interval was a confidence interval, and
transformed the interval into a standard deviation to continue
with additional analyses. Another study** provided values of ‘0’
for measures of variability. Those values were transformed to
0.001 to continue with additional analyses. Meta-analyses were
undertaken to analyze the null hypotheses that AE*ab of
negative controls would not exceed the perceptibility threshold
of 1.2 and that ASGU would not be zero. Sub meta-analyses
were further carried out to test the hypothesis that the OW,
HW, and OTC groups would exceed the upper bound of the
negative controls for instrumental measurements. Additionally,
random effects meta-regression was performed to evaluate the
effect of “concentration” on the overall estimate for OW, HW,
and OTC. Analysis was conducted with R version 3.6.0 (meta
package) and SAS® version 9.4.

Results

Characteristics and quality of included studies - This review
included 11 selected in vitro studies.'*?* Of the 11 studies, nine
used instrumental measurements: spectrophotometer (N=5),"!
chromameter (N=2),'*"> and digital images with software
(N=2)'*? while four studies"****** used visual measurements
with the VITA Classical shade guide. Of the nine studies using
instrumental measurements, two also performed visual meas-

American Journal of Dentistry, Vol. 33, No. 1, February, 2020

urements. >

There were a total of 621 human and bovine teeth in the
nine studies that used instrumental measurements. Out of 621
teeth, there were 184, 212, 137, 68, and 20 tecth for the NC,
OW, HW, OTC, and DIY groups respectively. There were a
total of 254 teeth in the four studies that used visual measure-
ments with the Vita Classical shade guide. Out of the 254 teeth,
there were 53, 50, 63, 68, and 20 for the NC, OW, HW, OTC,
and DIY groups respectively. Tables 2 and 3 present
information on the tooth substrate, storage medium, shade
assessment instrument, measurement time points used by study.

The time point of instrumental or visual assessment after
bleaching varied. The majority of studies had a measurement at
12-24 hours post-treatment'®*'** and at 1-2 weeks post-
treatment.'” Three studies'®'®* included post-treatment
measurements of up to 3-6 months. In two studies'*'* measure-
ments were made post-treatment but it was not clear how much
time elapsed from post-treatment to the actual measurement.

Artificial saliva (54%) was the most common storage
medium, followed by distilled water (27%), saline solution
(9%), and humid environment (9%). The treatment agent for
the negative control included saline, distilled water, artificial
saliva, glycerin, bleaching agent base, or no treatment at all.

Of the 11 included studies nine (82%) reported the random-
ization of specimens into treatment groups, four (36%) reported
blinding of examiners/operators, and six (55%) reported
training and/or calibration of examiners/operators. Table 4
shows the risk bias of all included studies.

Characteristics of excluded studies — Table 1 displays the
characteristics of excluded studies and lists the exclusion
reasons of each of 47 out of the 58 studies. The most common
reason for exclusion was the lack of a negative control in the
study design (N=28) followed by lack of reporting of AE*ab
values (N=6). Some studies did use a negative control group
but did not report AE*ab or ASGU* associated with it in their
results (N=5). Other exclusion reasons included evaluation of
stain removal rather than bleaching efficacy, in situ study
design, and measurement of enamel and dentin substrate
separately.

Meta-analysis results - The meta-analysis of nine included
studies that reported AE*ab values revealed that the NC
statistically exceeded the PT of 1.2 (P< 0.05) (Fig. 2). The
estimate was 2.872 with lower and upper bounds of 1.955 and
3.790, respectively. Thus, even the negative controls demon-
strated perceivable tooth color change, when measured
instrumentally. The heterogeneity (12= 94.48) of the studies
reporting AE*ab values of negative controls was statistically
significant (P< 0.001). Six studies were either below'*'®?! or
above'®'™"” the estimate while only three studies'>**** were
close to the estimate. When further using the upper bound of
3.790 as a reference point to determine bleaching efficacy, we
found that OW and HW were statistically higher (P< 0.05) than
the cut-off value (Figs. 3, 4). There was high heterogeneity
among different OW (I12= 98.33), HW (I2= 97.73) and OTC
(I12=94.59) products evaluated (Figs. 3-5). The analysis of four
included studies that reported ASGU included zero in the
confidence interval (P> 0.05), indicating no color change of
negative controls when measured visually with shade guides
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Table 3. Characteristics of included studies with visual measurements.

Storage Summary
Author Year  Substrate medium  Instrument Groups N of data Measurements
Leonard® 1998  Humanteeth  0.9%saline  Vita Mean ASGU
Incisors, Classic at 16 hrs post-tx SD Baseline and and premolars 16 hrs
canines NC: Saline 11 -0.1 post tx
HW: 10% CP* 33 5.1
Kishta- 2007 Human teeth Artificial Vita Mean ASGU SD Baseline, at 1 wk and at 2 wks
Derani'® Maxillary saliva Classic at 2 wks of tx
anterior teeth NC: Artificial saliva 12 0.6 1 Not clear how time elapsed after
OTC: 10 % CP (one paint 12 2.6 2.3 post tx to measurement
application x 14)
OTC: 19% sodium 12 42 2.7

percarbonate (one paint
application x 14)

OTC: Urea peroxide (one 12 3.1 2.6
paint application x 14)
OTC: 8.7% HP (one paint 12 4.6 2.8
application x 14)
Rees™* 2009 Human teeth Distilled Vita Mean ASGU Baseline and 24 hrs post tx

Third molars water Classic at 24 hrs post-tx SD
NC: Water 10 0 0
HW: 10% CP (2 hours x7) 10 13.2 1.3
OW: 15% HP (1 hour) 10 13.5 1.0
OW: 16% HP (15 min x 3) 10 10.9 2.9
OW: 16% HP (15 min x 3) 10 115 2.1

Kwon, 2015 Human teeth  Artificial Vita Mean ASGU Baseline 1-week, 1-month, and 3-
Meharry® Molars saliva Classic at 4 wks post-tx SD month post tx

NC: Water of Grade 3 20 1.3 1.4
DIY: Strawberry mix
(5 min x 3) 20 -0.1 1.8
OTC: 9.5 % HP Strips
(2 hrs x 7) 20 8.1 2
HW: 10% CP (6 hrs x 14) 20 7.7 3
OW: 25% HP Zoom Light 20 8 2

(45 min Xrese 3)

* Stained teeth

Table 4. Quality assessment of included studies.

Author Randomization Blinding  Training Risk of bias Funding

Leonard” Yes NR Yes Moderate Bleaching materials were provided by manufacturer(s)
Jones' No NR NR High Bleaching materials were provided by manufacturer(s)
Kishta-Derani'® Yes Yes Yes Low Bleaching materials were provided by manufacturer(s)
Rees™ Yes NR NR Moderate NR

Knosel'® Yes Yes Yes Low NR

Meireles'’ NR Yes Yes Moderate NR

Kwon, Oyoyo'® Yes NR NR Moderate Bleaching materials were provided by manufacturer(s)
Dantas'’ Yes Yes Yes Low Supported by FGM Produtos Odontologicos

Kwon, Meharry® Yes NR Yes Moderate NR

Park?' Yes NR NR Moderate Bleaching materials were provided by manufacturer(s)
Santana® Yes NR NR Moderate NR

NR: not reported.
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Fig. 2. Forest plot of studies with overall color change (AE*ab) for negative Fig. 3. Forest plot of studies with overall color change (AE*ab) for office
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(Fig. 6). A sub-meta-analysis was performed on different bleaching
regimens on studies with instrumental measurements only since
there were not enough studies for the visual assessments.

Random effects meta-regression showed that concentration
had a very weak, or no statistically significant effect on the
overall estimate for OW (P=0.116), HW (P= 0.166), and OTC
(P=0.729).

Discussion

As product development advances and the consumer market
increases in the field of tooth bleaching, it is important for oral
health professionals to develop well-designed in vitro studies
that provide evidence to support efficacy of bleaching products
and regimens. Despite the fact that our literature search yielded
over 200 articles, out of the 58 selected for full review, the most
common reason for exclusion for the meta-analysis was the
lack of a negative control or not reporting the results of the
control group. The control group consists of elements that
present exactly the same characteristics of the experimental
group, except for the variable applied to the latter.”® Thus, the
control group enables the experimental study of one variable at
a time and should be included in in vitro study designs.

So far there has been no study that evaluated the color
stability of teeth from the time of extraction to disinfection and
storage over time. It is assumed that extracted teeth stored in
saline or artificial saliva will be stable, with no perceivable
tooth color change. This is the first review that analyzed the
overall tooth color change of negative controls in studies that
used instrumental and visual color assessments. The reviewed
studies included tooth color measurement as early as
immediately after bleaching treatment to up to 6 months post-
treatment. In the current study, a meaningful homogenous
range of times was defined as to include at 2 weeks of treatment
to 4 weeks post-treatment in the meta-analysis. Based on the
results, the first null hypothesis was rejected. AE*ab of the
negative controls did exceed the PT of 1.2. However, the
second null hypothesis was not rejected, supporting the
assumption that extracted teeth do not change color over time
when evaluated visually with a shade guide. It is also important
to note the high heterogeneity of the studies reporting AE*ab
values of the negative controls. On exploring potential factors
that may contribute to higher standard errors, it was noted that
studies using digital images with Adobe Photoshop'®* and
artificially stained teeth'®* had a wider range in confidence
intervals. In contrast, studies'®! that used nail varnish to limit

Fig. 5. Forest plot of studies with overall color change (AE*ab) for OTC
groups.
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Fig. 6. Forest plot of studies with change in shade guide units (ASGU) for
negative controls.

the bleaching area and enable repeated measurements showed
the least variation.

The findings of this review prompt re-evaluation of the
current interpretation of bleaching efficacy as described in ISO
28399, which considers the bleaching efficacy of a product
acceptable if AE*ab, after the treatment, resulting from
increased AL* and decreased Ab* is two or greater compared to
that before the treatment. With a lower bound of 1.955 and an
upper bound of 3.790, many of the negative controls may be
considered erroneously as an efficacious bleaching material. A
recent study’ summarized the interpretation of bleaching effi-
cacy through PT and AT. Based on the study, a bleaching
material is deemed not effective when AE*ab is equal or less
than 1.2; moderately effective when between 1.2 and 2.7; good
when between 2.7 and 5.4; very good when between 5.4 and
8.1; and excellent when exceeding 8.1. Application of this in-
terpretation again would deem negative controls moderately
effective.

The question remains as to how to determine when a
bleaching material should be considered effective when evalu-
ated in vitro. In this review the upper bound of “AE*ab =3.790”
as a potential cut-off value was further tested to determine
bleaching efficacy. Based on the meta-analysis, all HW and
OW products tested exceeded this value while the OTC pro-
ducts were close to the border with a lower bound of 3.743.
Noteworthy was also the high heterogeneity of the studies
included. The concentration of the home bleaching groups
varied from 10 to 15% carbamide peroxide; over-the-counter
bleaching groups had a range from 10% carbamide peroxide to
9.5% hydrogen peroxide; and the office bleaching group varied
from 37% carbamide peroxide to 40% hydrogen peroxide. Al-
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though high heterogeneity is expected for testing bleaching
materials with varying concentrations and treatment regimens
specific for their purpose it is not desired nor anticipated in the
negative controls. Therefore, it would be desirable to include
step-by-step directions from specimen preparation to storage
and measurement methods to standardize the methods for
bleaching efficacy evaluation with the aims to obtain more
reliable results among the negative controls, which would then
also support the validity of the study design. Additionally, the
inclusion of a positive control could be suggested to further
validate the in vitro model.

One study’ used the CIELAB color difference formula. In
the future, it is also recommended to evaluate results obtained
from the CIEDE2000 formula, since it has been shown to better
represent the human perception of color differences (95%
agreement with visual findings) when compared to the
CIELAB formula (75% agreement).

Within the limitations of this review, it is concluded that
with an estimate of AE*ab = 2.872, the overall color change of
negative controls used in in vitro studies exceeds the percepti-
bility and acceptability threshold. Therefore, it is vital to further
investigate the appropriate cut-off value for determining
bleaching efficacy in vitro.
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