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Short communication

Tooth bleaching effect on color alteration and translucency is similar in

enamel and dentin

ABSTRACT

This study evaluated the effects of tooth bleaching on alterations of
translucency parameter (TP), and color of dentin and enamel. The color of
specimens containing only enamel or dentin were measured over white and
black backgrounds using a spectrophotometer (CieL*a*b), allowing the calculate
the TP by difference between the color measured over each background. The
measurement was repeated after tooth bleaching with 35% hydrogen peroxide
and AE and ATP were calculated. Data were analyzed by Ttest (a = 0.05). No
difference was observed between dentin and enamel regarding alterations on

TP and color.

Keywords: Dental enamel; Dentin; Hydrogen Peroxide; Tooth Bleaching; Tooth

Discoloration.

INTRODUCTION

The tooth color is determined by combination among optical properties of
enamel and dentin tissue, including translucency and chromaticity.* Due to high
mineral content, the enamel is the more translucent structure of tooth allowing
that the color of underlying dentin significantly affects the tooth color.? However,
the enamel chromaticity modifies the perception of underlying dentin and also
affected the tooth color.? In clinical cases of tooth discoloration, the tooth
bleaching procedures using hydrogen peroxides are usually carried out to oxide
the organic structure of tooth substrates resulting in lighter aspect.® Considering

the higher organic content and chromaticity of dentin, it is reasonable to relate



the bleaching effect mainly to optical modifications on this tissue. However, the
role of each hard tooth tissue on bleaching effect remains controversial.*’ Thus,
the aim of this study was to assess the color alteration and on translucency of
dentin and enamel submitted to tooth bleaching. The null hypothesis was that
the tooth bleaching results in similar alteration on color and translucency when

these hard tooth tissues are compared.

MATERIAL AND METHODS

Five sound third molars were sectioned parallel to buccal/lingual faces to
obtain four slices. The inner dentin of slices containing the buccal and lingual
enamel were removed using a diamond bur, remaining only the enamel. These
slices were used to assess the optical modifications on enamel, while the other
slices had the covering enamel removed and were used to analyze the
alterations on dentin. Impression of these specimens were taken with dense
silicon from to standardize the local of measurements during the entire
experiment. A perforation with 6 mm of diameter was created in the mold to
allow the placement of the spectrophotometer tip (Easy Shade Compact, Vita-
Zahnfabrik, Bad Sackinge, Germany). The baseline color (CieL*a*b) at baseline
was measured over white and black backgrounds to allow the translucency
parameter (TP) calculation using the followed formula®: TP = ((Lwhite — Lbiack)® +
(Awhite — Ablack)® + (Dwnite — boiack)®)™2. The specimens were submitted to tooth
bleaching with 35% hydrogen peroxide (Whiteness HP Maxx, FGM, Joinvile,
SC, Brazil) with three consecutive applications of 15 minutes each. After
bleaching procedures, the specimens were stored in water for 7 days prior to
measurement of bleaching effect. The color was measured again under both
backgrounds and TP calculated. The color alteration (AE) was calculated using
only the data from white background using the followed formula: AE = ((Lpaseline
— Ltina))® + (Qaseline — afinal)” + (Dbaseline — biinar))*>. Data of modification on TP
(ATP = TPfina — TPbaseiine) and AE were individually analyzed by T-test (a =
0.05).



RESULTS

The results for AE and ATP are displayed at Figures 1 and 2
respectively. The tooth bleaching resulted in similar values of AE (p = 0.832)
and ATP (p = 0.476) for dentin and enamel.

DISCUSSION

In the present study the bleaching effectiveness on tooth tissues was
evaluated using enamel and dentin separately, whereas these tissues are
bonded under clinical conditions. This approach was performed in the present
study once that the methodology used does not allow to evaluate the bleaching
effect on each tissue using specimens containing both hard tissues. The
outcomes demonstrated that the bleaching agent caused the same color and
translucency alteration on both hard tissues, while the null hypothesis was
accepted. However, it is important to emphasize that these findings did not
indicate necessarily that both tissues contribute equally to bleaching effect

achieved when an external bleaching procedure is carried out.

During the external tooth bleaching procedures, the bleaching agent is
applied over the enamel and reach the underlay dentin after to diffuse through
the former tissue. Thus, it is expected that a lower concentration of peroxide will
reach the dentin than that applied over the enamel.® Considering that the
bleaching effect is related to peroxide concentration,’ it is reasonable to believe
that a reduced color alteration could be observed for the dentin in this situation
than that found the present study. Using the high-peroxide concentration over
the dentin aimed to simulated an internal bleaching procedure in non-vital teeth.
Interestingly, both hard tooth tissues had the same color alteration under the

same peroxide concentration.

It has been reported that the bleaching effect of tooth tissue is related to
oxidation of organic components.® Thus, it could be expected higher bleaching
effect on dentin, which present higher organic content than enamel. However,



other studies have reported that the enamel contributes more than dentin to
tooth bleaching effect observed.>’ The explanation is that the bleaching agent
reduces the mineral content of enamel and this tissue became more opaque.>’
Once that the enamel acts as filter to dentin color, the presence of more opaque
enamel reduced the yellowness of dentin resulting in bleaching effect. In
opposite to these previous findings, the results of present study did not
demonstrate any modification (average values close to 0) on translucency
parameter of enamel following the bleaching procedure, indicating that the color
alteration was caused by other factor. The color change of enamel was strongly
affected by lightness increasing (L* = 5.7), in opposite to dentin (L* = -0.2).
Thus, it can be hypothesized that alteration on enamel surface roughness

produce by peroxide affected the lightness, modifying the color perception.**
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FIGURE LEGENDS

Figure 1. Box-plot of data from AE.

Figure 2. Box-plot of data from ATP. TP — translucency parameter.
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(v) A short running title (less than 40 characters) should also be provided.

Main text file

The main text file should be presented in the following order:

(i) Abstract and key words,

(if) Text consisting of Introduction, Material and Methods, Results and
Discussion,

(iii) Conflict of Interest and Sources of Funding Statement,

(iv) Acknowledgements

(v) References,

(vi) Appendices,

(vii) Tables (each table complete with title and footnotes).

(viii) Figure legends.

Figures should be supplied as separate files. Footnotes to the text are not
allowed and any such material should be incorporated into the text as
parenthetical matter.
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Abstract and key words

All articles must have an abstract that states in 200 words or fewer the purpose,
basic procedures, main findings and principal conclusions of the study. For
Original Articles, divide the abstract with the headings: Aim, Methods, Results,
Conclusions. The abstract should not contain abbreviations or references.

Five key words, for the purposes of indexing, should be supplied below the
abstract, in alphabetical order, and should be taken from those recommended
by the US National Library of Medicine's Medical Subject Headings (MeSH)
browser list at http://www.nIm.nih.gov/mesh/meshhome.html

Text
Authors should use the following subheadings to divide the sections of their
manuscript: Introduction, Methods, Results and Discussion (IMRAD style).

Conflict of Interest and Sources of Funding Statement

The source of financial grants and other funding must be acknowledged,
including a frank declaration of the authors' industrial links and affiliations. For
more detail on the Conflict of Interest and Sources of Funding Statement please
refer to the section on Ethical Considerations.
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Tables

Tables should be self-contained and complement, but not duplicate, information
contained in the text. Number tables consecutively in the text in Arabic
numerals. Type tables on a separate page with the legend above. Legends
should be concise but comprehensive — the table, legend and footnotes must be
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understandable without reference to the text. Vertical lines should not be used
to separate columns. Column headings should be brief, with units of
measurement in parentheses; all abbreviations must be defined in footnotes.
Footnote symboils: t, 1, §, [, should be used (in that order) and *, **, *** should
be reserved for P-values. Statistical measures such as SD or SEM should be
identified in the headings.

Do not include reference citations in tables and table legends.

Figure legends. Type figure legends on a separate page. Legends should be
concise but comprehensive — the figure and its legend must be understandable
without reference to the text. Include definitions of any symbols used and
define/explain all abbreviations and units of measurement.

Do not include reference citations in figures and figure legends.

Figures

All illustrations (line drawings and photographs) are classified as figures.
Figures should be numbered using Arabic numerals, and cited in consecutive
order in the text. Figures should be sized to fit within the column (83 mm),
intermediate (125 mm) or the full text width (171 mm). Each figure should be
supplied as a separate file, with the figure number incorporated in the file name.

Preparation of Electronic Figures for Publication: Although low quality
images are adequate for review purposes, print publication requires high quality
images to prevent the final product being blurred or fuzzy. Submit EPS (line art)
or TIFF (halftone/photographs) files only. MS PowerPoint and Word Graphics
are unsuitable for printed pictures. Do not use pixel-oriented programmes.
Scans (TIFF only) should have a resolution of 300 dpi (halftone) or 600 to 1200
dpi (line drawings) in relation to the reproduction size (see below). EPS files
should be saved with fonts embedded (and with a TIFF preview if possible). For
scanned images, the scanning resolution (at final image size) should be as
follows to ensure good reproduction: line art: >600 dpi; half-tones (including gel
photographs): >300 dpi; figures containing both halftone and line images: >600
dpi.

More advice on figures can be found at Wiley’'s guidelines for preparation of
figures: http://authorservices.wiley.com/bauthor/illustration.asp

SUBMISSION REQUIREMENTS

A cover letter should be included in the ‘Cover Letter Field’ of the ScholarOne
system. The text can be entered directly into the field or uploaded as a file. The
cover letter must also contain an acknowledgment that all authors have
contributed significantly, and that all authors are in agreement with the content
of the manuscript. In keeping with the latest guidelines of the International
Committee of Medical Journal Editors, each author's contribution to the paper is
to be quantified.

Two Word-files need to be included upon submission: A title page file and a
main text file that includes all parts of the text in the sequence indicated in the


http://authorservices.wiley.com/bauthor/illustration.asp

section 'Parts of the manuscript, including tables and figure legends but
excluding figures which should be supplied separately.

The main text file should be prepared using Microsoft Word, using 1.5 line
spacing. All pages should be numbered consecutively in the top right-hand
corner, beginning with the first page of the main text file.

Each figure should be supplied as a separate file, with the figure number
incorporated in the file name. For submission, low-resolution figures saved as
Jpg or .bmp files should be uploaded, for ease of transmission during the review
process. Upon acceptance of the article, high-resolution figures (at least 300
d.p.i.) saved as .eps or .tif files will be required.

Associate your ScholarOne account with your ORCID iD
ORCID ID is a unique and persistent identifier that distinguishes you from every
other researcher and connects you and your research activities. We encourage
you to register for an ORCID iD and then associate it with your ScholarOne
account. Click here to find out how.

PUBLICATION PROCESS AFTER ACCEPTANCE

Accepted papers will be passed to Wiley’s production team for publication. The
author identified as the formal corresponding author for the paper will receive an
email prompting them to login into Wiley’s Author Services, where via the Wiley
Author Licensing Service (WALS) they will be asked to complete an electronic
license agreement on behalf of all authors on the paper. More details on the
copyright and licencing options for the journal appear below.

Wiley’s Author Services

Author Services enables authors to track their article through the production
process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of
production. The corresponding author will receive a unique link that enables
them to register and have their article automatically added to the system.
Please ensure that a complete e-mail address is provided when submitting the
manuscript. Visit http://www.authorservices.wiley.com/ for more details on
online production tracking and for a wealth of resources including FAQs and tips
on article preparation, submission and more.

Proofs

Once the paper has been typeset the corresponding author will receive an e-
mail alert containing instructions on how to provide proof corrections to the
article. It is therefore essential that a working e-mail address is provided for the
corresponding author.

Early View
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The journal offers rapid speed to publication via Wiley’s Early View service.
Early View articles are complete full-text articles published online in advance of
their publication in a printed issue. Early View articles are complete and final.
They have been fully reviewed, revised and edited for publication, and the
authors' final corrections have been incorporated. Because they are in final
form, no changes can be made after online publication. Early View articles are
given a Digital Object Identifier (DOI), which allows the article to be cited and
tracked before allocation to an issue. After print publication, the DOI remains
valid and can continue to be used to cite and access the article. More
information about DOIs can be found at http://www.doi.org/fag.html.

Offprints

A PDF reprint of the article will be supplied free of charge to the corresponding
author. Additional printed offprints may be ordered online for a fee. Please click
on the following link and fill in the necessary details and ensure that you type
information in all of the required fields: http://offprint.cosprinters.com/cos. If you
have queries about offprints please e-mail: offprint@cosprinters.com.

Author Marketing Toolkit

The Wiley Author Marketing Toolkit provide authors with support on how to use
social media, publicity, conferences, multimedia, email and the web to promote
their article.

COPYRIGHT, LICENSING AND ONLINE OPEN

Accepted papers will be passed to Wiley’s production team for publication. The
author identified as the formal corresponding author for the paper will receive an
email prompting them to login into Wiley’s Author Services, where via the Wiley
Author Licensing Service (WALS) they will be asked to complete an electronic
license agreement on behalf of all authors on the paper.

Authors may choose to publish under the terms of the journal’s standard
copyright transfer agreement (CTA), or under open access terms made
available via Wiley OnlineOpen.

Standard Copyright Transfer Agreement: FAQs about the terms and
conditions of the standard CTA in place for the journal, including standard terms
regarding archiving of the accepted version of the paper, are available at:
Copyright Terms and Conditions FAQS.

Note that in signing the journal’s licence agreement authors agree that consent
to reproduce figures from another source has been obtained.

OnlineOpen — Wiley’s Open Access Option: OnlineOpen is available to
authors of articles who wish to make their article freely available to all on Wiley
Online Library under a Creative Commons license. With OnlineOpen, the
author, the author's funding agency, or the author's institution pays a fee to
ensure that the article is made open access. Authors of OnlineOpen articles are
permitted to post the final, published PDF of their article on their personal
website, and in an institutional repository or other free public server immediately
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after publication. All OnlineOpen articles are treated in the same way as any
other article. They go through the journal's standard peer-review process and
will be accepted or rejected based on their own merit.

OnlineOpen licenses. Authors choosing OnlineOpen retain copyright in their
article and have a choice of publishing under the following Creative Commons
License terms: Creative Commons Attribution License (CC BY); Creative
Commons Attribution Non-Commercial License (CC BY NC); Creative
Commons Attribution Non-Commercial-NoDerivs License (CC BY NC ND). To
preview the terms and conditions of these open access agreements please visit
the Copyright Terms and Conditions FAQs.

Funder Open Access and Self-Archiving Compliance: Please click here for
more information on Wiley’s compliance with specific Funder Open Access and
Self Archiving Policies, and click here for more detailed information specifically
about Self-Archiving definitions and policies.
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