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AUTHOR GUIDELINES

General information

European Oral Research (Eur Oral Res) is an
open access, peer-reviewed international ti-
tle and it is the official scientific publication
of Istanbul University Faculty of Dentistry.
Eur Oral Res does not charge authors or au-
thors’ institutions for submitting, processing
or publication of articles. There is no fee for
extra pages or color images.

Basic and clinical research papers, case re-
ports and review articles on the main topics
of oral and maxillofacial surgery, oral dis-
eases, oral and dental health, oral and max-
illofacial radiology, biomaterials, restorative
dentistry, periodontics, pedodontics, ortho-
dontics, endodontics, prosthodontics, oral
biology, epidemiology, geriatric dentistry
and dental education may be submitted for
consideration. Letter to the Editor section is
also available for authors who wish to com-
ment on previously published articles in the
journal. Authors should take collective re-
sponsibility for their work and for the content
of their publications. Editor-in Chief or the
Editorial Board reserves the right to change
the format, grammar or sentence structure
of any part of the manuscript to comply with
the guidelines to fit the standard format and
style of Eur Oral Res and scientific journals in
general.

Who is an author ?

Eur Oral Res adheres to the International
Committee of Medical Journal Editors (ICM-
JE) standards to define the qualifications of
authorship and recommends that it should
be based on the following 4 criteria: sub-
stantial contributions to the conception or
design of the work; or the acquisition, anal-
ysis, or interpretation of data for the work;
AND drafting the work or revising it critically
for important intellectual content; AND final
approval of the version to be published; AND
agreement to be accountable for all aspects
of the work in ensuring that questions relat-
ed to the accuracy or integrity of any part of
the work are appropriately investigated and
resolved.
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Before you begin
Disclaimer and copyright

Submission of a manuscript implies that the
work described has not been published be-
fore; that it is not under consideration for
publication anywhere else entirely or par-
tially, nor will it be submitted for consider-
ation of publication anywhere else until a
final publication decision concerning this
manuscript has been made by the Editor(s)
of the Journal; that its publication has been
approved by all co-authors, if any, as well as
by the responsible authorities at the institute
where the work has been carried out. The
publisher cannot be held legally responsible
should there be any claims for compensa-
tion.

Eur Oral Res provides free access to and al-
lows free download of its contents from the
journal’s website (http://eor.istanbul.edu.tr/
tr/_). Both anonymous or registered users
can read and/or download articles for per-
sonal use. Unless otherwise indicated, the
articles and journal content are licensed
under Creative Commons License Attribu-
tion-NonCommercial 4.0 International (CC
BY-NC 4.0) license (https://creativecom-
mons.org/licenses/by-nc/4.0/). Users must
give appropriate credit, provide a link to the
license, and indicate if changes were made.
Users may do so in any reasonable manner,
but not in any way that suggests the jour-
nal endorses its use. The material cannot be
used for commercial purposes. If the user
remixes, transforms, or builds upon the ma-
terial, he/she may not distribute the modi-
fied material. No warranties are given. The
license may not give the user all of the per-
missions necessary for his/her intended use.
For example, other rights such as publicity,
privacy, or moral rights may limit how the
material can be used.

Articles may not be published elsewhere, in
whole or in part, electronically or in print,
without written permission from the Edi-
tor-in-Chief. The responsibility of the con-
tent(s) and/or opinion(s) provided in the ar-
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ticles which are published in the print and/or
online versions of the journal, belong exclu-
sively to their respective author(s). The pub-
lisher/editor/editorial board/reviewers can-
not be held responsible for errors, scientific
or otherwise, in the contents or any conse-
quences arising from the use of information
contained therein. The opinions expressed
in the articles published in this journal are
purely those of their respective authors and
in no way represent the opinions of the pub-
lisher/editor/editorial board/reviewers of the
journal.

Publication ethics and avoiding

allegations of plagiarism

Please refer to http://eor.istanbul.edu.tr/en/
content/about/publication-ethics-and-pub-
lication-malpractice-statement to consult
Eur Oral Res Publication Ethics and Publica-
tion Malpractice Statement. By submitting
their manuscripts to Eur Oral Res, authors
also accept that their manuscripts may be
screened for signs of plagiarism using any
means necessary and available; including,
but not limited to, the use of plagiarism de-
tection software.

Ethical approvals

Experimentation involving human subjects
should be conducted in full accordance with
the Helsinki Declaration of World Medical
Association (http://www.wma.net/en/30pub-
lications/10policies/b3/index.html) and le-
gal requirements of the country where the
research had been carried out. Manuscript
must include a statement indicating that
the informed consent was obtained from all
participants. A statement confirming that
the study has been reviewed and approved
by an ethical or advisory board should also
be included. The patient’s privacy should not
be violated. Identifying information such as
names, initials, hospital numbers, unneces-
sary details in photographs should be omitted
from the submission. When detailed descrip-
tions, photographs and/or videos of faces or
identifiable body parts that might permit a
patient to be identified must be included in
the submission, authors must obtain written
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informed consent for its publication from the
patient or his/her parent/guardian.

Experiments on laboratory animals must
comply with the Guidelines of the European
Communities Council Directive 2010/63/EU
and with local laws and regulations. A state-
ment confirming that the study has been
reviewed and approved by an ethical or ad-
visory board should also be included (http://
www.eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:32010L0063).

Clinical trials

Randomized controlled clinical trials should
be reported in full accordance with the
guidelines available at http://www.con-
sort-statement.org. The CONSORT checklist
must be provided in the submission docu-
ments. Following free public clinical regis-
tries can be used to register clinical trials:
http://www.clinicaltrials.gov, http://clinical-
trials.ifpma.org/clinicaltrials/,  http://isrctn.

org/ . Registration number and project name
will be published in the article.

DNA Sequences and Crystallographic
Structure Determinations

Manuscripts reporting protein or DNA se-
quences and crystallographic structure should
provide Genbank or Brookhaven Protein Data
Bank accession numbers, respectively.

Submission forms

Authors who are willing to submit their man-
uscripts to Eur Oral Res are required to com-
plete and sign Manuscript Submission Form,
Copyright Transfer Agreement form and Dis-
closure of Potential Conflict of Interest Form.
Please send these forms electronically when
submitting your manuscript. Article evalua-
tion process cannot be started until all doc-
uments are received.

All three documents are available for down-
load at:

http://dishekimligi.istanbul.edu.tr/wp-con-
tent/uploads/2015/04/JIUFD-submis-
sion-forms.zip
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Manuscript preparation

Language

Authors should write their manuscripts in US
English. Spelling and phrasing should con-
form to standard usage and be consistent
throughout the paper. Authors whose na-
tive language is not English are encouraged
either to consult with a native speaker or to
collaborate with a colleague whose English
skills are more advanced. Authors may also
use professional translation services at their
own expense. Please note that using lan-
guage editing services does not imply that
the article will be selected for peer-review or
be accepted by Eur Oral Res.

Style and format

Use A4 page format in Microsoft Word® soft-
ware, custom margins (top & bottom 3 cm,
left& right 2.5 cm), Times New Roman Font,
Font size 12, double line spacing for main
text and single line spacing for “References”
section. US English grammar check option
should be enabled. Words and abbreviations
in Latin should be written in italics: “et al., in
vivo, in vitro, in utero, in situ, ad libitum, clos-
tridium perfringens, Staphylococcus aureus”.

Unit abbreviations

Abbreviations used for units, prefixes, and
symbols should comply with the International
System of Units (SI) (http://physics.nist.gov/
Pubs/SP330/sp330.pdf). If this is not possible,
S| equivalents must be presented between
parentheses. The complete names of indi-
vidual teeth must be given in the main text
(e.g. maxillary right central incisor). FDI 2-digit
system should be used in table and figure leg-
ends (e.g. 11 for maxillary right central incisor).

Title page

Main title of the manuscript should not ex-
ceed 150 characters (including spaces) and
it should be written in Times New Roman
font, in bold capital letters of 12 font size. A
running title not more than 50 characters
(including spaces) written in lower case let-
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ters must also be provided below the main
title. Names, surnames and affiliations of all
authors should appear below the running
title. Use superscript numbers “1,2,3" for au-
thors from different institutions, do not use
any numbers if all authors are from the same
department. Name, surname, postal address,
phone, fax and e-mail of the corresponding
author should be mentioned separately. If
the paper has been previously presented
in a scientific meeting either orally or as a
poster, the title of the manuscript should be
followed by an asterisk (*), which refers to a
footnote indicating the name of the organi-
zation, location and date of its presentation.
Please do not use page numbers for this

page.

Abstract & Keywords page

This page should start with main and run-
ning titles of your manuscript. It should not
contain author names, affiliations or any ci-
tations. This section must describe the main
objective(s) of the study, explain how the
study was done without giving too much
methodological detail and summarize the
most important results and their signifi-
cance. It should be as clear and concise as
possible. Start numbering from this page
on and place it at the lower right-hand cor-
ner of the page footer. Abstracts should
not exceed 250 words for original research
papers and should be structured to include
Purpose, Materials and Methods, Results,
Conclusion headings written in bold let-
ters. Abstracts of case reports and review
articles are limited to 150 words and should
be unstructured.

If not absolutely necessary, do not include
names of statistical tests or software in the
Materials and Methods. In Results section,
Provide p values between parentheses at
the end of the sentence before the period.
If p value is lower than 0.05 or 0.01 or high-
er than 0.05 (not significant), then provide
its exact value using a maximum of three
digits after the decimal point. If it is lower
than 0.001, then use only less-than sign, e.g.
p=0.078, p=0.048, p=0.009, p<0.001.
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A maximum of five keywords should follow
the abstract, preferably chosen from the
Medical Subject Headings (MESH) terms
(http://www.ncbi.nlm.nih.gov/mesh).

In-text citations

Eur Oral Res recommends the use of refer-
ence management software to ensure that
the citations are correctly formatted. In-text
citations should be numbered consecutively
in the order of appearance with Arabic nu-
merals between parentheses and be placed
immediately after the author(s) name(s).

Articles with two authors are cited using
their last names separated by "and”:

“John and James (1) demonstrated..”.

For articles with three or more authors, use
the first author’s last name followed by “et
al”:"James et al. (2) showed..”.

Multiple quotations used within the same
sentence should be cited immediately after
each author(s)' name(s).

“John and James (1) and James et al. (2) have
suggested...”

If author(s)’ name(s) are not to be used, the
citation number(s) should be placed at the
end of the sentence before the period. Use
number ranges for consecutive citations.

“The validity and reliability of dental anxiety
scales have been evaluated previously (7) or
(4,6,8)or (12-19)

Original research articles

Original research articles are limited to 15
pages including main text, references, tables
and figures. They should be organized into
the following sections:

. Title page

+  Abstract & Keywords

+  Introduction

«  Materials and Methods (or Subjects and
Methods)

«  Results

«  Discussion

«  Conclusion

«  Acknowledgements (optional)
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«  Source of funding
- Conflict of Interest
- References

Introduction should provide a concise ac-
count of the research problem and introduce
the reader to the pertinent literature. The
objective(s) and/or hypothesis of the study
should be clearly stated in the last paragraph.
Writing style of this section should allow the
readers outside the field of your expertise to
understand the purpose and significance of
the study.

Materials and Methods section should
describe the study population/sample or
specimens, the variables and the procedures
of the study with sufficient detail to ensure
reproducibility. Standard methods already
published in the literature could be briefly
described and the original reference should
be cited. If your research includes direct in-
volvement with human subjects, use ‘Sub-
jects and Methods’ heading instead of ‘Mate-
rials and Methods.

Feel free to use sub-headings written in italic
letters (but not bold) to improve readability
of your manuscript such as Population char-
acteristics, Immunohistochemical staining,
Experimental protocols or Light microscopy
evaluation.

Include ethical approvals for clinical trials
and animal studies in the first paragraph of
this section. Provide the name of the respon-
sible organization, year of approval and proj-
ect number:

This project has been reviewed and approved
by the Ethical Committee of Istanbul Univer-
sity, Faculty of Medicine (2012/891-1085).

Include Brand name, Manufacturer, City, (state
abbreviation for USA), Country details for each
material used in the experimental protocol:

DNA was extracted using a MagNA Pure-
Compact DNA Isolation Kit (Roche Diagnos-
tics GmbH, Mannheim, Germany)

Bone grafts were fixed with 2 mm bioresorb-
able screws (Inion CPS system, Inion OY, Tam-
pere, Finland).
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Statistical analysis sub-heading must be in-
cluded as the last paragraph of this section.
Authors should provide the name of the sta-
tistical software, report which types of de-
scriptive statistics were used to summarize
the data, indicate how the distribution of the
data was tested for normality assumptions (if
applicable), which tests were employed to an-
swer each hypotheses, the confidence interval
and p values to determine the level of signif-
icance. Consult SAMPL guidelines for more
detailed information on statistical reporting in
biomedical journals: http://www.equator-net-
work.org/wp-content/uploads/2013/07/SAM-
PL-Guidelines-6-27-13.pdf

Provide Name, Version, Company, City, (state
abbreviation for USA), Country for statistical
software:

GraphPad Prism version 3.0 statistical anal-
ysis software (GraphPad Software Inc., San
Diego, CA, USA)

The following paragraph is a sample for sta-
tistical analysis section; please alter the para-
graph so that it fits your study:

The collected data from all groups were im-
ported to Statistical Package for Social Sci-
ences (SPSS) for Windows software, version
16.0 (SPSS Inc., Chicago, IL, USA). The stan-
dard descriptive methods such as the mean,
standard deviation, median, frequency, min-
imum and maximum were applied to deter-
mine the characteristics of the sample. The
chi-square test was used to compare the cat-
egorical demographic variables among the
groups. Because the distribution of the data
did not meet the requirements for normality
and homogeneity of variances assumptions,
the nonparametric Kruskal-Wallis one way
analysis of variance by ranks and Mann-Whit-
ney U tests were used for the multiple and
pairwise comparisons, respectively. The cor-
relations between at least two continuous
variables were examined using Pearson’s
correlation coefficient. Stepwise regression
analysis was performed to understand the
statistical dependence of the DFS and MDAS
scores in the general population. Covariance
analysis was used to determine whether the
difference between the mean DFS and MDAS
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scores of the groups was statistically signif-
icant under a predefined effect. The confi-
dence interval was set to 95% and p < 0.05
was considered statistically significant.

Results should be written clearly without
subjective interpretation and be supported
with tables and figures when necessary. Text
should complement any figures or tables but
it should not repeat the same information.
When reporting your findings, follow the
same order you have used in “Materials and
Methods” section.

Use a maximum of two digits after the dec-
imal point for descriptive statistics such as
mean and standard deviation: “45.66+23.48".
If the last digit is 0 then use :“45.6+23.4"

Provide p values between parentheses at the
end of the sentence before the period. if p
value is lower than 0.05 or 0.01 or higher than
0.05 (not significant) then provide its exact
value using a maximum of three digits after
the decimal point. If it is lower than 0.001,
then use only less-than sign, e.g. (p=0.078),
(p=0.048), (p=0.009), (p<0.001).

In the Discussion section, authors should
state major findings, their meanings and
clinical relevance, present any contrasts with
the results of similar studies, describe un-
avoidable limitations in the study design and
make suggestions for further research within
the limits of their data. When discussing your
findings, use the same logical order as in the
Results section.

Conclusion should be supported by results
and must be consistent with the objectives
of the research.

Case reports/Case series

Case reports/Case series should not exceed 7
pages and a maximum of 6 tables or figures.
They should make a significant contribution
by presenting unusual occurrences of rare en-
tities and/or highlight the need for revision of
current therapeutic options. This type of man-
uscript should be organized as follows:

. Title page
«  Abstract & Keywords

A-VIlI
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«  Introduction

«  Case report (or case series)

«  Discussion

«  Conclusion

«  Acknowledgements (optional)
«  Source of funding

- Conflict of Interest

. References

Narrative or systematic reviews and
meta-analyses

Narrative review articles are limited to 10
pages including the main text, references,
tables and figures. The manuscripts should
summarize the current state of understand-
ing on a particularly important topic in
dentistry based on previously published
data, preferably written by authoritative
figures of that field. A minimum of 50 ref-
erences must be cited. Authors are encour-
aged to use headings of their own choos-
ing between Introduction and Conclusion
sections.
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that might involve a conflict of interest.

Editorial Board requests the opinion of, at
least, two independent expert reviewers.
Those who accept the invitation are expect-
ed to provide written critical reviews of the
submission within 21 days of receipt. If one
of the reviewers gives a negative feedback
while the other’s response is positive, Edi-
tor-in Chief or Editorial Board invites a third
reviewer. Editor-in-Chief and Editorial Board
reserve the right to obtain reports from bio-
statistics experts of their choosing at any
time during the process, who might also sug-
gest corrections in the manuscript.
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responses to reviewers’ comments in a sepa-
rate file. The manuscript will be automatically
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the authors. If authors submit the revised pa-
per after the time limit is reached, it will be
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scripts will be re-evaluated by Editor-in-Chief
and Editorial Board and will be sent back to
reviewers.

Acceptance for publication requires at least,
but not limited to, final positive responses
from two reviewers. In light of their recom-
mendations, the Editor-in-Chief and the
Editorial Board members choose between
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Table 1. Concise explanation of the table contents (SD: standard deviation, CTA: cartilage tissue

area, NBA: new bone area ).

Control group First group Second group
(Mean % =+ SD %) (Mean % + SD %) (Mean % + SD %)
CTA 2141 +£4.2 25+24 11.42+4.2
NBA 1148 £ 0.2 2141 +14.22 11.41+4.2
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reserve the right to modify this schedule in
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first published online, followed by the print
version of the journal. Both versions will
have identical page numbers. Therefore, no
change can be made in the article in be-
tween the online and in print publication
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unique alphanumeric identifier assigned by
a registration agency. Once it is assigned to
an article, the DOI will never change, there-
fore, it is ideal for citing and linking electron-
ic documents. Your article will be assigned a
DOI number provided by the CrossRef regis-
tration agency, immediately after it is pub-
lished online.

Changes to authorship

This statement concerns the addition, de-
letion, or rearrangement of author names
in the authorship of accepted manuscripts.
Requests to add or remove an author or to
rearrange the author names must be sent
to the Editor-in-Chief from the correspond-
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firmation (e-mail, fax, letter) from all authors
that they agree on the addition, removal or
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corresponding author will be forwarded by
the Editor-in-Chief to the corresponding au-
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scribed above. Production of the accepted
manuscript is suspended until authorship
has been agreed. The name and the order of
the authors cannot be changed once the ar-
ticle is published online or in print.
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rial process or after publication of the article.
Such materials include, but not limited to,
original submission files, unedited versions
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edited versions of the printed and/or digital
photographs, histologic slides, original out-
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nostic and/or interventional devices, original
data sheets of statistical software and techni-
cal data sheets of any substance used in the
research project. Authors should retain such
materials for a reasonable period of time af-
ter the publication of their paper.
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nal by the Editor-in-Chief, if only a small por-
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la, mismatch between images and their cap-

Official Publication of
Istanbul University
Faculty of Dentistry

tions or incorrect author list). Online articles
will not be corrected directly. An erratum (for
publishing error) or a corrigendum (for au-
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ing to retract an article before it is published
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Pathway to mercury-free dentistry: an insight into past,

present, and future

Purpose

The popularity of dental amalgam arises from its excellent long-term performance,
ease of use, and low cost. However, there is a concern about the potential adverse
health effects arising from exposure to mercury in amalgam. This review article
critically discusses the safety of dental amalgam as a restorative material and our
preparedness for a mercury-free road ahead.

Materials and Methods
A database search was performed on PubMed and Google scholar using the

"o nou

keywords: “mercury-free dentistry”, “mercury toxicity”, “amalgam substitutes’,
“amalgam mercury toxicity”. Inclusion and exclusion criteria were specified clearly.
Relevant literature was also searched in the dental textbooks.

Results

Around 40 articles, highlighting mercury exposure among dental professionals
and patients were included. Despite the overwhelming body of scientific evidence
demonstrating amalgam to be a safe restorative material, concerns about the toxic
effects of mercury persist.

Conclusion
Thereal challengeis to find a suitable amalgam substitute and to follow the mercury
hygiene measures closely.

Keywords: Amalgam, Mercury toxicity, Minamata Convention, Amalgam substitutes,
Amalgam alternatives

Introduction

Technically, an amalgam is a mixture of mercury (Hg) and another met-
al. Dental amalgam is a combination of mercury and a silver-tin (Ag-Sn)
alloy (1). Amalgam was first used in Chinese literature in 659, and it has
remained the most widespread and successful restorative material in
dentistry for the past 160 years (2). Amalgam’s popularity stems out of
its superior long-term results, convenience of use, and affordability (1,
3). Prior to the 1970s, more than three-fourths of total restorations were
made with amalgam. However, over the last 30 years, the use of amal-
gam has decreased globally. This is due to a decrease in caries incidence,
an increase in the use of cast restorations such as crowns, ceramic inlays,
and onlays, and the availability of direct filling tooth-coloured alternate
restoratives for certain applications (2).

Despite its widespread use and prominence as a restorative material,
there have been apprehensions about the potential negative health ef-
fects of mercury exposure in amalgam (2). Mercury, like all other materi-
als, can be dangerous if not handled correctly. To ascertain that mercury
does not dissipate into the oral cavity, the alloying reaction of mercury
with the Ag-Sn alloy must be completed. Once the reaction is finished, in-
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credibly low levels of mercury, well below the existing health
standard, can be released (4).

The impact of mercury obtained from amalgam to the to-
tal body load has been much debated, but it seems to be
minimal. The key point to remember is that mercury gets
into the body on a daily basis, irrespective of the restorative
materials used in the oral cavity. Under normal physiologi-
cal conditions, mercury undergoes biochemical processing
and is excreted from the body. As long as the levels are low,
there is no danger of mercury toxicity (4). Shortly after amal-
gam came into use in the United States, there were reports
of mercury problems.

Material and Methods

A search of the PubMed indexed database (www.ncbi.nlm.
nih.gov/pubmed) over the last 37 years (custom range: 1983
— 2020) was conducted using keywords/phrases such as
“mercury-free dentistry” (yielded 23 results); “mercury-free”
(195 results); “mercury toxicity” (10,862 results); “amalgam
substitutes” (132 results); “amalgam mercury toxicity” (514
results); “amalgam alternatives” (455 results) and Google
scholar database was conducted using phrases “mercu-
ry-free dentistry” (yielded 60,300 results); “amalgam substi-
tutes” (31,100 results); “mercury-free dentistry era” (17,900
results); “amalgam alternatives” (71,900 results). Relevant lit-
erature on dental amalgam and its substitutes and alterna-
tives and mercury toxicity was also searched in dental text-
books. Around 40 of these articles were deemed appropriate
forinclusion. All review articles, original articles, in vivo/in vi-
tro studies, and controlled clinical trials were considered for
inclusion in this review. More emphasis was laid on studies
focusing on mercury exposures among dental professionals
and dental assistants and exposure to patients from mercury
present in amalgam restorations. Appropriate data was col-
lected, pooled, and finally synthesized.

Brief history of amalgam

« In 1603, Tobias Dorn Kreilius created Amalgam fillings
by dissolving copper sulfide with strong acids and
mercury.

« In 1818, Louis Regnart (who is called Father of Amal-
gam) lowered the temperature of D’ Arcet’s Mineral
Cement by adding more mercury to it. D’ Arcet cement
was similar to the mixture produced by Kreilius and
was earlier introduced in France. It had to be boiled
and then poured into the tooth.

« In 1826, M. Auguste Taevaeu (5) developed the silver
paste-mercury mixture.

+ In 1833, the Crawcour duo (4), British businessmen,
recognized the potential of Taevaeu’s silver-mercury
mixture, brought the concept to New York, and en-
dorsed the material as a cost-effective and easy-to-
use restoration material.

However, no consideration was given to the appropriate
mercury-to-alloy proportions or the alloy form used. The
alloy-mercury mix was created majority of the time by rub-
bing fragments of varying composition silver coins with a
file. Slow-setting amalgams were created due to inconsis-
tencies in materials and techniques, transferring mercury

from the unset mass into exposed dentine. Although no
casualties have been published, multiple incidents of pulp
death occurred (4).

First amalgam war

The American Society of Dental Surgeons issued a warn-
ing about the dangers of amalgam in 1845 (6). This society
declared all filling materials other than gold to be toxic, ig-
niting a complex battle between dental professionals us-
ing gold foil restorations and those employing amalgam.
Due to known toxicity of mercury, the members of this group
swore to refrain from its use. The numerous discussions and
assertions that erupted over dental mercury marked the be-
ginning of an era known as the “Amalgam War"

The American Society of Dental Surgeons had dissolved
by 1856 as a result of the Amalgam War, and the American
Dental Association (ADA), an organization that endorsed the
usage of amalgam, became the nation’s new face. Neverthe-
less, concerns about dental amalgam remained. An article
published in Chicago Medical Journal article in 1873 warned
of “thousands of individuals all over the globe being poisoned
by pernicious sublimate produced in the oral cavity from den-
tal amalgam inserts in the teeth” (7).

According to Dr. E. Talbot’s (8) research published in the
Ohio State Journal of Dental Science (1882), amalgam will
generate mercury fumes. F. Flagg’s work, on the contrary,
promoted the use of amalgam. In 1896, Dr. G.V Black (9)
also published a comprehensive research article recom-
mending the use of amalgam. Nonetheless, it took years for
the dental profession to acknowledge Dr. Black’s insights.

Second amalgam war

Due to potentially harmful mercury release, there were pe-
riodic calls to ban the use of amalgam. Dr. J. Tuthill’s (7) study
on “Mercurial necrosis caused by amalgam fillings,” which
was released in The Brooklyn Medical Journal in 1898, was
a watershed moment. The dental amalgam debate raged
on into the early 20th century, when technological prog-
ress allowed for numerous studies to confirm that mercury
poses a hazardous risk when triturated with silver alloy and
filled in teeth. In 1926, Alfred Stock, a German doctorate and
chemist by profession, launched the so-called Second Amal-
gam War. Dr. Stock was exposed to significant amounts of
mercury while operating in his facility because the amalgam
tablet used at that time had to be warmed up in a ladle until
the crystals of mercury popped up before being moved to a
mortar and pestle for trituration. The above process resulted
in the emission of a large amount of mercury vapour (9). Dr.
Stock’s concerns prompted the formation of an inquiry com-
mission to look into his accusations. In its report in 1930, the
commission validated the safety of newer amalgam formu-
lations that did not require heating and were rapidly replac-
ing older compositions (9).

Third amalgam war
Another major dispute arose in 1980, when Dr. Hal Hug-

gins, a Colorado dentist, began spreading the notion that
amalgam restorations were responsible for a variety of ail-
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ments. He authored a work in 1985 stating unequivocally
that amalgam restorations emit sufficient mercury to induce
neural, cardiac, autoimmune, connective tissue, psycholog-
ical, and inflammatory disorders (9). According to a 1995
study, 8.7% of dental professionals sought to abolish amal-
gam from their practices while 14.3% were unsure about
its safety (9). For nearly 10 years, a dedicated group of con-
sumers and allied health professionals worked towards get-
ting amalgam banned.

The media played a significant role in fuelling opposition
to amalgam, particularly in its “1 Hour” section that aired
on television in 1990 (9). Clinicians having a large social
following, such as Dr. Robert Atkins, and Dr. Andrew Weil,
wrote best-selling health books warning the masses con-
cerning possible dangers of amalgam restorations. In re-
sponse to public uproar, dental professionals, the National
Institute of Health-National Institute for Dental Research
(NIH-NIDR), the Food and Drug Administration (FDA), and
many other prominent organizations convened a meeting
with world-renowned scientists and clinicians. It was unani-
mously agreed that, while more research into amalgam was
needed, it could not be assumed that amalgam posed a se-
rious health risk (4). Those people strongly advised against
removing amalgam restorations due to this fear.

Allegations about the dangers of amalgam keep appear-
ing in daily papers, non-scientific magazines, and, on occa-
sion, journals. However, all documented research indicates
that no causal connection exists between dental amalgam
and other medical issues.

Mercury generation potential

Mercury is ubiquitous in nature. Each year, between 2,700
x10%® Kg and 6,000 x10°* Kg of mercury are discharged into
the atmosphere from the ocean waters and the Earth'’s crust.
Human activities such as the combustion of household and
industrial wastes, as well as the combustion of fossils fuels,
emit nearly 2,000 - 3,000 tonnes. In 2000, Asian countries
contributed approximately 54% of global mercury emissions
from anthropogenic sources, accounting for more than half
of total production. Mercury waste is also produced during
various dental procedures. With so many dental colleges
and institutions in India, estimating the amount of mercury
waste generated and its proper disposal is difficult. Accord-
ing to one study, dental offices produced approximately
4000 kg of mercury per year, with 1000 kg of mercury flow-
ing into the region’s waste water (10).

Mercury toxicity and exposure recommendations

Mercury can be found in three different chemical forms:
elemental (valence 0), inorganic (valence +1 and +2), and
organic (alkyl and aryl). The physiochemical properties, ab-
sorption and excretion levels, tissue distribution patterns,
as well as toxicological profile of these forms differ (2). The
most volatile of the three is elemental/metallic mercury, with
mercury vapour in air being its most common form. A care-
ful examination of mercury hygiene procedures confirms
that the most dangerous times are when elemental mercury
is present as a liquid or vapour. As a vapor, metallic mercury is
easily absorbed through lungs at 80% efficiency (Table 1). In-

Table 1. Absorption efficiency of mercury

Skin Lungs Gastrointestinal Tract
Elemental - 80% 0.01%
Inorganic - 80% 7%
Organic ~ -—- seee= 95-98%

organic mercury is typically quarried as an inorganic sulphide
(cinnabar ore), which is burned in air to oxidize and help push
off sulphur while collecting liquid mercury. There are many
other water-soluble inorganic compounds of mercury which
release mercury ions into solution. They are used in pharma-
ceuticals and are sparsely absorbed through the respiratory
tract but rapidly absorbed through the digestive system (4).
The organic compounds of mercury are found in food and
drinking water and are particularly associated with sea food.
This type of mercury is the primary source of mercury expo-
sure for the vast majority of people. Although methyl mer-
cury is easily absorbed from food, it is excreted less efficient-
ly than all the other forms of mercury. This type of mercury
tends to accumulate in the brain, liver, and kidney (4). The
Environmental Protection Agency (EPA) estimates total daily
exposure to methyl mercury (organic mercury compound) at
5.8 micrograms (ug), while Clarkson and colleagues (2) esti-
mate 2.3 ug. The amount of elemental mercury inhaled from
the air is estimated to be between 40 and 120 nanograms
each day (2).

It has been proposed that microbes in the oral or diges-
tive tract can convert metallic mercury to methyl mercury.
Specific microorganisms found in seawater are often also
believed to be capable of this conversion. This organic mer-
cury then builds up in the organs of fish and other marine
creatures, eventually reaching humans who consume sea-
food. A classic prototype of this phenomenon is Minamata
disease. For many years, waste material with significant
levels of metallic mercury was dumped into the ocean sur-
rounding Minamata Bay in Japan. Fish from all these bodies
of water became adulterated with methyl mercury, result-
ing in severe toxicosis that caused death and prolonged
overdoses that ultimately led to neurological disturbances,
which is currently recognized as Minamata disease. Congen-
ital Minamata disease was another teratogenic effect. The
minimum dose of methyl mercury required to develop these
Minamata disease symptoms is estimated to be 5 milligrams
per day (9).

The toxic effects of different mercury forms have been well
recorded and studied, primarily in communities exposed to
high levels of occupational or environmental mercury (Fig-
ure 1). As a result, various regulations for limiting work - re-
lated mercury exposure have been established. The National
Institute for Occupational Safety and Health (NIOSH), and
the Occupational Safety and Health Administration (OSHA)
have adopted a threshold limit value (TLV) of 50pug mercury
vapour per cubic metre of the breathing zone air for eight
hours per day, 40 hours per week. The World Health Orga-
nization (WHO) has established a TLV of 25ug/m? for work
- related mercury exposure (2).

Fawer et al. (11) reported in 1983 that industrial workers
(n=26) exposed to work - related mercury at a time-weight-
ed estimate of 26ug/m? in the place of work for a mean of
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- Trituration and amalgam condensation

Mercury - Polishing or removal of amalgam restorations (Figure 4)
level - Mercury vaporization from tainted instruments and
O_‘ - Open collection of amalgam scrap or used capsules

1000 Pronounced symptoms with inadequate alloy to entirely consume the available
} / » Kidney inflammation mercury (Figure 5)

; * Swollen gums A case of ldiopathic Thrombocytopenic Purpura (ITP)

C . * Pronounced tremor and caused by vacuuming spilled mercury has been reported

o : nervous system dlstumances in the literature. Research shows that mercury exposure

: Mild to moderate, symptoms : among dentists has been slowly declining, most likely due

i / * |rritability, depression, memory to the American Dental Association’s recommended mer-

- loss, minor tremor, and other cury handling practices. Urinary mercury concentrations in

ervous system disturbances dental professionals averaged 19.5ug/L in 1980, 6.7ug/L in

1986, and 4.9ug/L in 1991 (13). Decharat et al. (14) measured
airborne and urinary mercury exposure among Thai dental

Figure 1. Mercury thermometer portraying different levels of
mercury.

15.3 years had a substantial rise in hand tremors versus a
control group. Mackert and Berglund (12) delved deeper and
discovered that the hand-tremor trial was not blinded and
the participants’ medical and prior records were unknown.
There was also hardly any reference of any additional sourc-
es of mercury ingestion or egestion. The specimen size was
limited, and no dosimetric relationship had been identified.
Using Fawer and colleagues’ study as a guide, the Agency
for Toxic Substances and Disease Registry established the
minimum risk level (MRL) for prolonged human mercury in-
halation in ambient air at 0.3ug/m?3. The MRL is defined as
the level of mercury vapour to which a person can be consis-
tently subjected without suffering any health problems. The
environmental protection agency also recognizes 0.3ug/m?
as the inhalation benchmark concentration for metallic mer-
cury in air.

Dental professionals and mercury exposure from amalgam

The health hazards associated with amalgam use are defi-
nitely higher for dentists instead of patients. Dental person-
nel are exposed to mercury in several ways, including:

«  Through direct physical contact with liquid mercury /
newly triturated dental amalgam

« Inhaling mercury vapours (at the rate of 2-28 pg/ facet o
surface/ day) through
- Inadvertent mercury splash (Figure 2)
- Defective amalgamators
- Faulty amalgam capsules (Figure 3)
- Broken bulk mercury dispensers Figure 3. Amalgam capsules.

Amalgmm capeises
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Figure 4. Mercury vapour released during polishing of amalgam

restorations.
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Figure 5. Chair side methods of trapping amalgam.
healthcare staff and discovered that urinary mercury levels
averaged 8.24+1.89ug/g creatinine (range 2.0-22.84ug/g
creatinine). The majority among them had urinary levels
of mercury below 20ug/g creatinine, which is the Ameri-
can Conference of Governmental Industrial Hygienists (AC-
GIH) recommendation for mercury in urine. Urinary mercu-
ry concentrations in dental caregivers exposed to unsafe
working conditions reached 22.84ug/g creatinine. Accord-
ing to the authors, mercury exposure was found to be di-
rectly related to hygienic practices. Ferracane et al. in 1994
(2) determined that exposure to metallic mercury vapour
from mercury discharges in the dental clinic survived about
ten to twenty minutes in a well-ventilated operatory; and in
poor ventilation, mercury vapour densities reverted to levels
below NIOSH's TLV in less than 30 minutes. The researchers
indicated that mercury stayed in vapour state just for a short
time due to its density and predilection for substrates, im-
plying that a single unforeseen spill would presumably not
constitute a key cause of mercury in a properly ventilated
dental operatory. When proper infection-control practices
were followed, inhalation of toxic vapours during amalgam
restoration placement was found to be negligible. Even
though substantial amounts of mercury may be produced
during restorative treatment, high-volume evacuation can
eliminate approximately 90% of them. Langworth et al.
(1997) (15) observed that the levels of mercury generated
during restorative procedures in dental clinics averaged
around 2ug mercury/m?, with no adverse health effects on
the personnel. When the high-volume evacuator was used,
mercury vapour thresholds with in dentist’s ambient envi-
ronment were minimal (1 to 2ug/m?); without it, mercury
vapour thresholds were 2 to 15 times greater than the WHO
TLV. According to these researchers, the mercury level fluc-

tuated significantly during the removal process, with peaks
lasting only a few seconds (2).

Nagpal et al. (16) conducted a study and found that while
some professional practices enhanced the level of mercury
exposure, it still was well below prescribed standards. Den-
tists mentioned greater medical issues than the control sub-
jects, many of which were neurological symptoms. Initial
symptoms revealed by dental practitioners may be related
to low-level, prolonged occupational mercury exposure, but
they could even be the result of ageing, work - related abuse,
and anxiety. The study encouraged dental professionals, re-
searchers, and educators to use good work practices.

Rowland et al. in 1994 (2) studied female dental assistants
and noted that females exposed to high levels of occupa-
tional mercury vapour were less procreant than those who
were not exposed. Low mercury exposed subjects, on the
other hand, were more fertile than unexposed comparison
group. Mocevicetal. in 2017 (17) conducted a cross-section-
al study in 529 males from Greenland, Poland, and Ukraine
to examine semen properties and serum concentrations of
androgens in connection with ambient mercury exposure.
They found no evidence that environmental mercury expo-
sure in men with median whole blood concentrations up to
10 ng ml™ has an adverse effect on male reproductive health
biological markers.

Mercury exposure from amalgam restorations in dental patients

It has been well understood that amalgam restoration
placement and removal can lead to large intraoral mer-
cury vapour peaks. Engle and colleagues, in an in vitro
study demonstrated that dry polishing of amalgam resto-
rations released 44ug of mercury fumes for every restoration
(2). In-vivo amalgam removal on the other hand, resulted in
releasing 15 to 20 ug of mercury vapour from one resto-
ration. The brief period of these inhalation exposures, how-
ever, is deemed insufficient to induce any adverse health
effects and the placement and removal of dental amalgam
does not seem to pose a serious health risk to patients. Sall-
sten et al. (18) investigated the effect of protracted repeated
nicotine gum chewing on plasma and urine mercury con-
tent. Mercury levels in gum chewers were significantly high-
er (nearly four times) than the average reading in Swedish
dental personnel, but lower than the levels that could cause
harmful effects. This research furthermore highlights the im-
portance of carefully selecting a comparison group in clin-
ical studies when establishing standard mercury exposure
levels.

Chronic mercury exposure of the patients due to mercu-
ry generated from dental amalgam post insertion has also
been studied. It was long believed that hardened amalgam
did not generate mercury. However, numerous researches in
the 1970s and 1980s found it otherwise (19). Early estimates
of the average daily dose in people who have not been ex-
posed to mercury at work ranged from 1.24 to 1.27ug/day,
but latest evidence indicates a comparatively lower mercury
dose from amalgam (2). According to Halbach in 1995 (20),
mercury release was proportional to restoration time and
surface area.

The possible implications of mercury discharge from amal-
gam on pregnant females’ foetuses and new-borns have
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been studied. The findings revealed that the mercury con-
tent in foetal and infant liver, kidney, and brain samples cor-
related positively with said dental amalgam restorations in
mothers. However, the study design and data analysis meth-
od are highly dubious. A variety of methods can be used to
estimate the average diurnal amount of mercury released
from set amalgam restorations. Several variables, such as the
number and age of restorations, the form of dental amalgam
used, the surface area of the restoration, the quality of the
restoration, methods of measuring mercury, and data analy-
sis, all may be responsible for reported differences in results
from different studies. Certain foods have been demonstrat-
ed to lower intraoral mercury vapour levels. If all masticatory
period is assumed to increase vapour levels, then everyday
mercury exposure from amalgam is overstated (2).

Mercury hypersensitivity

Mercury hypersensitivity is a response of the immune
system to extremely low levels of mercury (4).Though poor-
ly understood; it has been at times claimed as a potential
hazard. However, the percentage of people who have been
identified as plausibly hypersensitive is small, and the sensi-
tivity reaction is mild and not serious. Mackert et al. (4) and
Mandel et al. (4) studied this condition and scientifically dis-
proved the hypothesised problems.

Amalgamiillness

Amalgam illness refers to a condition that is typically
self-reported by patients and is attributed to mercury va-
pour inhalation from established amalgam restorations (19).
Symptoms differ from those seen with traditional mercury
poisoning and include lethargy, poor concentration, muscle
aches, and immunologic disorders. There is a lot of uncer-
tainty about the establishment of amalgam illness because
of absence of diagnostic symptoms, as well as any approved
clinical test for its detection. This is complicated further by
the fact that several mental illnesses demonstrate symp-
toms identical to ones caused by amalgam restorations. Ac-
cording to two surveys, 70% of sufferers asserting amalgam
illness had a psychiatric condition, in contrast to 14% in a
comparison group.

National and international events

The discussion over dental amalgam extends well beyond
a single country’s borders; in fact, countries all over the
world are dealing with the same issues (21).

Denmark’s regulation on mercury-containing products

According to a document released by an ad hoc working
group of the European Commission (EC), the Environment
Ministry released an order (No. 520) on June 9, 1994, prohib-
iting the trade of all mercury-containing commodities, in-
cluding dental amalgam, to improve national climatic condi-
tions. It was emphasized that the prohibition action will not
go into effect unless there is a sufficient amount of clinically
acceptable alternative restorative materials (non-amalgam
substitutes) available.

Mercury regulations in Sweden

Barring isolated incidents of allergic reactions, there is
no research evidence that mercury in dental amalgam has
a negative impact on the body. According to the advisory
committee, there is no medical basis to recommend amal-
gam removal to alleviate symptoms of general ailment.

Amalgam alerts in Germany

The German Ministry of Health issued a consensus state-
ment on July 1, 1997, prohibiting any placement or removal
of amalgam fillings from pregnant women'’s mouths.

Amalgam Advisory issued in Norway

The Norwegian Health Board has advised pregnant wom-
en to avoid “extensive amalgam therapy.”

European Commission submit on amalgam

There is currently no evidence that mercury from dental
amalgam poses an undesirable health threat to the wider
public. Moreover, there is an insufficient data to suggest that
clinically acceptable dental amalgam restorations should be
removed unless a confirmed allergy to this material is present.

Regulation by the US Food and Drug Administration (FDA)

Encapsulated dental amalgam was classified as a Class Il
medical device by the US FDA in 2009. Encapsulated amalgam
was previously not classified, and dental mercury (Class I) and
alloy (Class Il) were each given their own classifications. Amal-
gam is classified in the same category as the majority of other
restorative materials, including composite and direct gold res-
torations, under this regulation. Furthermore, the FDA reaffirms
that it is a reliable and practical restorative option for patients.

The Minamata convention, a historical change

The Minamata Convention on Mercury is a world treaty
aimed at protecting both people and the environment from
mercury’s harmful consequences (22, 23). The Intergovern-
mental Negotiating Committee on Mercury held its fifth ses-
sion in Geneva, Switzerland, on January 19, 2013. The Mina-
mata Agreement took effect on August 16, 2017 (24).

The following are the key points of the Minamata Conven-
tion to curtail the usage of dental amalgam:

- Establishing national objectives for dental caries pre-
vention and oral health advancement, thus reducing
the requirement for dental restoration.

- Fostering research and development of high-quality
non-mercury dental restoration products (25).

The World Health Organization issued a report titled Future

Use of Materials for Dental Restorations in 2009, advising that:

«  Moving away from dental amalgams was contingent
on adequate quality of alternative cost- effective den-
tal restorative materials.

«  Since current restorative options are not long-lasting,
it would be appropriate to reduce rather than elimi-
nate the use of dental amalgam during this time
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- Encourage professional groups and dental colleges
to sensitise practitioners and students about mercu-
ry-free restoration options, as well as to promote Best
Management Practices (BMP). BMPs are a set of pro-
tocols for controlling as well as disposing of amalgam
waste that includes, but are not limited to:

- Use of ISO 1114 compliant amalgam separators

(Figure 5)

- Launching large-scale mercury recovery initiatives

- Making use of chair side traps (Figure 5)

- Vacuum retrieval

- Examining and cleaning traps

- Recyclability

- Discarding of the collected amalgam by a commercial
waste disposal provider

«  Opposing health coverage policies and measures that
favour dental amalgam over mercury-free dental res-
toration.

«  Promoting medical coverage initiatives that encour-
age the adoption of high-quality dental amalgam
substitutes for dental restoration.

«  Using only encapsulated dental amalgam.

«  Encouraging dental services to employ best environ-
mental measures to minimize mercury and mercury
compound releases into water and soil (Figure 6) (21).

Best Environmental Practices (lISD-ELA)

The IISD Experimental Lakes Area (Figure 6) is a natural
laboratory in Ontario, Canada, consisting of 58 small lakes
and their watersheds reserved for scientific research. The
International Institute for Sustainable Development (lISD)
manages and operates the facility, which has a mandate to
investigate the aquatic effects of a wide range of stresses on
lakes and their catchments. According to IISD-ELA research,
ecosystems can recover quickly from mercury poisoning. We
simply need to reduce the amount of mercury entering that
ecosystem.

Amalgam alternatives and substitutes

Amalgam alternatives are any materials that can be used
to restore a tooth instead of amalgam (e.g., composite,
glass-ionomer, gold, cast gold alloys, and ceramics) (4). Amal-
gam substitutes (e.g., cast gold alloys) are materials that are
believed to have properties similar to or superior than the
amalgam restoration they are replacing (4, 26). Each of these

#MakeMercuryHistory
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Figure 6. lISD-ELA: Promoting best environmental practices.

materials has relative advantages, disadvantages, and costs
associated with its use. Gold is an inert metal, but it is not
generally regarded as aesthetically pleasing. It is also costly.
Composites and glass ionomers though aesthetic; lack the
strength, durability and longevity of amalgam. Hence, they
are unsuitable for large restorations. Furthermore, studies
have suggested that Bisphenol A, which is present in com-
posites, may pose a health threat. It has been identified as
an oestrogen mimicker and has been linked to male infertil-
ity, as well as prostate and breast cancer (27, 28). European
Commission’s Scientific Committee concluded in May 2008
that dental amalgams are an efficacious and useful op-
tion for both the patients and dental professionals, and that
the alternative materials have clinical limitations and toxico-
logical risks (29). Cast/ Indirect restorations, though superior
in strength and in establishing contours and contacts, are
much more technique sensitive, time consuming and cost-
lier than amalgam restorations.

A few compositions contain few amalgam constituents
(e.g., Ag-Sn alloy particles) but no mercury (30). Gallium alloys
made with Ag-Sn particles in Gallium-Indium (Ga- In). Gallium
melts at 28°C and when combined with Indium, can create
molten alloys at ambient temperature. In amalgam, Ga-In has
been used in place of mercury. Other systems are being re-
searched in which gold is combined with certain other noble
metals to create the restoration structure (4). These systems
seem to be extremely expensive, and little is known about
their performance.The American Dental Association patented
a mercury-free direct-filling alloy based on mercury-coated
Ag-Sn particles that can be self-welded by compaction to cre-
ate a restoration in collaboration with the National Institute of
Standards and Technology. This method has been suggested
as a replacement for amalgam, but is to be commercialised
(4).1f alloy particle sizes are carefully selected to load together
well, the amount of mercury necessary for mixing can be lim-
ited to the 15% to 25% range. The clinical properties of these
low-mercury amalgams are not clear (4).

Conclusion

The road towards mercury free dentistry is long and ardu-
ous and we need to tread carefully on it. Despite the fact that
the enormous amount of evidence indicates amalgam to be
a reliable and effective restorative material, recent publica-
tions and the Minamata Convention have put a halt to all
discussions. The debate is not about whether mercury re-
leased from various sources is toxic or not or whether dental
amalgam should remain the restorative material of choice
or not. The consensus is now clear, but the real challenge is
to find a suitable alternative restorative material that either
matches amalgam in its physical properties or is superior
to it. Till then, amalgam remains the undisputed king of all
restorative materials. However, the point that needs consid-
eration is that until the time amalgam is being used or even
being phased-down, proper mercury hygiene measures
should be employed by the entire dental office team.

Tiirk¢e 6zet: Civa Icermeyen Dis Hekimligine Giden Yol: Gecmis,
Glinlimiiz ve Gelecek. Amag:Dental amalgamin popiilaritesi, miikem-
mel uzun slireli performansi, kullanim kolayligi ve diisiik maliyetinden
kaynaklanmaktadir. Bununla birlikte, amalgamda civaya maruz kal-
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manin potansiyel olumsuz saghk etkileri hakkinda bir endise vardir.
Bu derleme makalesi, dis amalgaminin restoratif bir materyal olarak
glivenliginive civasiz bir yola hazir olup olmadigimizi elestirel bir sekilde

s,

tartismaktadir. Gereg ve Yontem: “civasiz dis hekimligi’; “civa toksisitesi’,
“amalgam ikameleri’, “amalgam civa toksisitesi” anahtar kelimeleri kul-
lanilarak PubMed ve Google Scholar lizerinde bir veri tabani taramasi
yapilmustir. Dahil etme ve hari¢ tutma kriterleri acikca belirtilmistir. Dis
hekimligi ders kitaplarinda da ilgili kaynaklar taranmistir. Bulgular:
Dis hekimleri ve hastalar arasinda civa maruziyetini vurgulayan yak-
lasik 40 makale dabhil edildi. Amalgamin giivenli bir restoratif materyal
oldugunu gdsteren ¢ok sayida bilimsel kanita ragmen, civanin toksik
etkilerine iliskin endiseler devam etmektedir. Sonug: Asil zorluk, uygun
bir amalgam ikamesi bulmak ve civa hijyen énlemlerini ¢ok yakindan
takip etmektir. Anahtar kelimeler: Amalgam; Civa toksisitesi; Minamata
Sozlesmesi; Amalgam ikameleri; Amalgam alternatifleri
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The effects of technical factors on the fractal dimension in

different dental radiographic images

Purpose
The aim of this study was to assess the impact of exposure parameters and image
formats on fractal dimension (FD) values in periapical, panoramic, and CBCT images.

Materials and Methods

Seven dry male mandibles were selected, and a Gutta-Percha was used to identify
identical regions of interest. A periapical radiograph was taken with 60 kVp/7 mA
and exported in DICOM, JPEG, TIFF, and PNG formats. Nine periapical radiographs
(60,65,70kVp; 4,5,6 mA) were taken from seven dry human mandibles. Additionally,
12 panoramic radiographs (60, 70, 81,90 kVp; 5,8, 13 mA) and 10 CBCT images (with
different scanning options and FOVs) were taken from each mandible. FDs were
measured from a standard area.

Results

The intra-class correlation coefficient demonstrated a high degree of agreement
between observers. No significant difference was found between TIFF and PNG
formats (p > 0.05). The highest FD mean was found in TIFF format, while the lowest
FD mean was found in JPEG format (p < 0.001). There was no significant difference
between kVp and mA settings in periapical images. In panoramic images, a
significant difference was found at 90 kVp (p = 0.001) and 13 mA (p < 0.001), with
lower FD values observed at these settings. There was no significant difference
between FOV and resolution in CBCT images (p > 0.05).

Conclusion

The format of theimage caninfluence FD. For periapical and panoramic radiographs,
kVp and mA settings do not have a significant impact on FD. However, fractal
analysis may not be an ideal method for evaluating three-dimensional images, such
as those obtained with CBCT.

Keywords: Fractal analysis, Exposure parameters, Image format, Dental radiography,
CBCT

Introduction

Fractal analysis (FA) is a mathematical technique utilized to evaluate
complex structures and quantify their degree of irregularity through a
numerical value known as the fractal dimension (FD). This method has
been employed by radiologists as a tool to assess bone tissue quality and
bone mineral density (1, 2), and it has been used for various purposes in
dentistry (3). Previous research on FA has utilized a range of dental radio-
graphic images, including panoramic, periapical, bitewing, cephalomet-
ric, and cone-beam computed tomography (CBCT), which are commonly
employed in dentistry (1, 4).

FA can only be performed on digital radiographic images, but these im-
ages must be processed in advance. To this end, White and Rudolph de-
veloped a method using ImagelJ software (https://imagej.nih.gov/ij/) with
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the aim of making inferences about bone microarchitecture
using radiographic images and FA (5). The resolution of the
images is a crucial factor in ensuring accurate and realistic
evaluations. However, image resolution is directly affected
by scanning and exposure parameters such as peak tube
voltage (kVp), tube current (mA), exposure time, scan time,
the field of view (FOV), and voxel-pixel size (6). The selection
of FOV has a significant impact on the quality of CBCT imag-
es and the visualization of anatomical structures (7). More-
over, several factors can influence FD, including the com-
pression and recording format of the radiographic image, as
well as the size and location of the regions of interest (ROI)
within the bone being analyzed. The effect of these factors
on FD has been a subject of debate in the literature, with
some studies reporting minimal differences in FD associated
with exposure parameters (8-13).

Digital Imaging and Communications in Medicine (DICOM)
is a widely accepted image format designed for medical ra-
diographic imaging, despite having some disadvantages.
Other commonly used formats include Joint Photographic
Experts Group (JPEG), Tagged Image File Format (TIFF), Por-
table Network Graphics (PNG), Bitmap (BMP), and Graphics
Interchange Format (GIF) (14, 15). JPEG is a popular image
format on all platforms, known for its compression capabili-
ty. On the other hand, TIFF is an adaptable image format that
uses lossless compression (LC) (14, 16). PNG was developed
to replace the GIF format and is useful in medical imaging
due to its LC, which results in the created image being the
same as the original after decompression (16). The effects
of compression on image quality or qualitative and quan-
titative measurements in digital radiography are important
issues that need to be investigated. Although the analysis
part of the FA method has some standardized steps through
a computer program, there are non-standardized steps such
as the methods of obtaining the radiographs, the selection
of areas to be measured, and the recording formats of the
images (5). The purpose of this study is to evaluate the ef-
fects of exposure parameters and image formats on FD val-
ues using periapical, panoramic, and CBCT images.

Materials and Methods
Ethical approval and study design

This study is a retrospective in-vitro study conducted in
the Department of Oral and Maxillofacial Radiology at Er-
ciyes University Faculty of Dentistry. It does not include a
control group. The study was approved by the Erciyes Uni-
versity Clinical Research Ethics Committee. The study started
with the following hypotheses: Different image formats can
affect FD, exposure parameters can affect FD in periapical ra-
diograph, exposure parameters can affect FD in panoramic
radiographs and FOV and different scanning resolutions can
affect FD in CBCT images.

Specimens

The present study included the use of edentulous dry
mandibles from seven male cadavers that did not have any
pathologies or diseases affecting bone metabolism and
were aged between 50-70 years. To ensure consistency,

each mandible was marked with a Gutta-Percha to identify
a specific ROI. The marked area was a 6x6 mm square region
located distal to the mental foramen in the periapical bone
area, without any overlap with the tooth roots or periodon-
tal space.

Radiographicimaging

The mandibles were positioned on a hard and fixed sur-
face to ensure consistent projection geometry throughout
the imaging procedures. Periapical radiographs were cap-
tured using the Kodak 2100 Intraoral X-Ray System (Kodak,
New York, USA) and size 2 photostimulable phosphor plates
(PSP). The dental X-ray unit was set to operate at 1.5 mm Al
equivalent filtration, 0.2 s exposure time, and a focus-recep-
tor distance of 25 cm. The parallel technique was employed
to obtain all periapical images (Figure 1A-1B). Firstly, periapi-
cal radiographs were captured using 60 kVp/7 mA values,
which were accepted by the device as the standard for peri-
apical radiography in adults.

The images were exported in uncompressed DICOM, JPEG,
TIFF, and PNG formats. Following that, nine periapical radio-
graphs were taken from each mandible using 60, 65, and
70 kVp and 4, 5, and 6 mA values, respectively, resulting in
70 periapical images. The photostimulable phosphor plate
(PSP) was scanned immediately after exposure using the Ex-
press Digital Imaging Plate Scanner (Instrumentarium Den-
tal, Tuusula, Finland) in standard resolution.

Panoramic radiographs were acquired using the Instrumen-
tarium Dental Orthopantomograph OP200 D (Instrumentar-
ium Dental, Tuusula, Finland). The device is equipped with
radial reference lines that assist in patient positioning and en-
sure alignment of the midsagittal plane and Frankfort plane.
The position of each mandible was fixed during image acqui-
sition with the aid of these lines (Figure 2). Initially, panoramic
radiography was performed using 66 kVp/8 mA values, which
were considered as the standard for panoramic radiography
in adults. Subsequently, 12 panoramic radiographs were tak-
en from each mandible, with varying exposure parameters of
60, 70,81,and 90 kVp and 5, 8, and 13 mA values, respectively,
resulting in a total of 91 panoramic images.

CBCT images were acquired using the Newtom CBCT de-
vice (Newtom5G, QR, Verona, ltaly). Radial reference lines
were used as a guide, similar to the panoramic radiography
device. Five different scan FOVs were employed, namely
8x8, 12x8, 15x12, and 18x16, with varying scanning op-
tions. These options included standard resolution standard
dose (STD), standard resolution high dose (BOOSTED), and
high resolution (HIRES). However, for the HIRES resolution of
the device, only 8x8 and 12x8 FOV values were available,
and images were captured accordingly. A total of 70 CBCT
images were produced. The exposure parameters in all ra-
diography techniques were modified within the permis-
sible limits of the respective devices. The images obtained
through periapical, panoramic, and CBCT techniques were
saved in uncompressed TIFF format.

Fractal analysis

The images were analyzed by three oral and maxillofacial
radiologists using NNT software (Version 9.1), which is the
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original software of the CBCT machine (Newtom5G, QR, Ve-
rona, Italy) for CBCT images, on a Dell Precision T5400 work-
station with a 19-inch 1920x1080 resolution monitor (Dell
E190S, China). The radiologists had three years of clinical
experience and were blinded to the parameters from which
the images were taken. All regions of interest (ROIs) were
within the marked area borders, and the measured locations
were the same regardless of technical parameter changes or
imaging methods.

Firstly, FDs were calculated to assess the effects of image
formats. ROIs were placed at specific X and Y coordinates us-
ing features provided by the software to ensure they were
all at the same point. This ensured that ROIs in all formats
(DICOM, JPEG, PNG, TIFF) were of the same size and position
(see Figure 3). To evaluate the effects of exposure parame-
ters, FD was calculated on radiographic images taken with
different parameters. The size of ROIs was determined to be
the maximum size allowed by the marked area in the imag-
es. The size of ROl on periapical radiographs was 70x70 pix-
els (see Figure 4A), on panoramic radiographs, it was 50x50
pixels (see Figure 4B), and on CBCT images, it was 40x40 pix-
els (see Figure 4C). FA was carried out on ImageJ version 1.53
software using the box-counting method defined by White
and Rudolph (5) (see Figure 5).

Statistical analysis

The statistical analysis was performed using SPSS v26
(IBM, Armonk, New York, USA). To determine the level of
agreement between observers, the intra-class correlation
coefficient (ICC) with a 95% confidence interval (Cl) was cal-
culated. Statistical differences were assessed using one-way
repeated measures ANOVA followed by Bonferroni’s post
hoc test. A p-value less than 0.05 was considered statistically
significant.

Results

ICC showed a high degree of agreement between observ-
ersin all image format and imaging methods measurements
(Table 1).

Image format

Based on the analysis of variance using mean FD values,
it was determined that there was no significant difference

Figure3. Periapical radiographs with different image formats placed on the marked area. A; DICOM, B; JPEG, C; PNG, D; TIFF.

between the FD values of TIFF and PNG formats (p>0.05) as
they already had the same FD value. However, a statistical-
ly significant difference was observed between the FD val-
ues of TIFF (and PNG), DICOM, and JPEG formats (p<0.001).
Among these formats, TIFF (and PNG) had the highest mean
FD value, whereas JPEG had the lowest mean FD value, as
shown in Table 2.

Exposure parameters

In the analysis of variance performed on FD measurement
values obtained with the periapical radiography technique,
it was found that there was no significant difference be-
tween the values of kVp and mA exposure parameters (p >
0.05) (Table 3). For the panoramic radiography technique,
a significant difference was found in the FD values of 90

Figure 1. A, Positioning of the mandible and apparatus for taking
periapical radiographs with the parallel technique. B, mandible was
placed on a hard and constant floor for stabilization.

Figure 2. Positioning of dry human mandible for panoramic radio-
graph.
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kVp/13 mA (p < 0.05). The FD was found to be lower in the
90 kVp/13 mA exposure parameters (Table 4). In the analy-
sis of variance using FD measurement values in the images
obtained with the CBCT technique, no significant difference
was found between all groups, including FOV and resolution
(p > 0.05) (Table 5).

Figure 4. A; periapical radiograph with a 70x70 ROl inserted within
the marked area borders, B; panoramic radiograph with a 50x50 ROI
inserted within the marked area borders, C; CBCT images with 40x40
ROl inserted within the marked area borders.

Figure 5. Steps of fractal analysis.

Discussion

To ensure clinical reliability and value of a bone analysis
method, it should be able to operate independently of tech-
nical parameters and demonstrate stability against varying pa-
rameters, as the obtained results should remain consistent (13).

DICOM is a widely accepted image format designed for
medical radiographic imaging. However, DICOM has some
disadvantages. It cannot be viewed without a special viewer
(such as ImageJ or DICOM Works), and it has a larger file size
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Table 1. The Intra-Class Correlation (ICC) coefficient between the
raters in imaging methods

ICC (95%Cl) P
Image Formats Measurements 0.947(0.893-0.991)  0.001*
Periapical Radiography 0.932(0.807-0.988)  0.002*
Measurements
Panoramic Radiography 0.947(0.893-0.991)  0.001*
Measurements
CBCT Measurements 0.953(0.829-0.992) 0.001*

ICC (%95 Cl): Intra-Class Correlation with 95% confidence interval. *Significant
atp <0.05

Table 2. Comparison of fractal dimention results for differentimage

format measurements on periapical radiography.

Image Format n mean SD p F
DICOM 7 1.254° 0.057
JPEG 7 1.252¢ 0.055

0.000* F=32.70
TIFF 7 1.264° 0.057
PNG 7 1.264° 0.057

n: number of dry mandible, SD; standard deviation F: One-way repeated
measures ANOVA, *Significant at p < 0.05, g, b, c: the difference between the
averages without the common letter is significant

because DICOM is a data set that includes different types
of data, such as demographic information of the individual,
imaging parameters of the device, and matrix size of the im-
age (14, 15). JPEG is a widely used and compression-capable
format. Thanks to this compression feature, JPEG offers an
easy and high level of portability. However, the images pro-
duced have poorer quality than TIFF or DICOM. TIFF uses LC,
making it the best choice for a master copy (14, 16). PNG is
also very useful in medical imaging due to its LC. The image
created after decompression is the same as the original (16).

In our study, it was found that PNG and TIFF had signifi-
cantly higher FD, which was an expected result, as these for-
mats use the LC technique. In contrast, JPEG had the lowest
FD significantly, which was also an expected result because
JPEG causes LC in the image.

Toghyani et al. (17) conducted a study comparing FD val-
ues across different image formats, resolutions, and com-
pression levels (CL) on periapical radiographs. They found
that FD increased with increasing resolution and that the
most consistent and reliable FD value was obtained at high
resolution. Baksi et al. (18) compared the effects of different
compression levels on periapical radiographs using JPEG
and JPEG2000 formats. They found that FA was insensitive
to CL and confirmed the validity of FA, which was consistent
with previous studies that reported insensitivity to changes
in exposure parameters and projection geometry (8, 19).In a
similar vein, Yasar et al. (20) also found that the FD value was
higher in the TIFF format than in the JPEG format, which is
consistent with our study findings.

Fractal images exhibit a high degree of similarity between
the points of the image, making them particularly suscep-
tible to the negative effects of noise. Increased noise levels
can impede correct diagnosis and early treatment, particu-
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Table 3. Comparison of fractal dimention results for periapical radiography measurements

4 5 6 7

kVp/mA F P
Mean SD Mean SD Mean SD Mean SD

60 1.201 0.049 1.198 0.058 1.206 0.059 1.204 0.069 0.161 0.921

65 1.187 0.034 1.217 0.039 1.189 0.070 1.548 0.260

70 1.189 0.033 1.197 0.044 1.197 0.044 0.283 0.758

F 0.489 0.788 1.001

P 0.625 0.421 0.396

SD; standard deviation, F: One-way repeated measures ANOVA, Significant at p < 0.05.

Table 4. Comparison of fractal dimention results for panoramic radiography measurements

5 8 13

kVp/mA F p

Mean SD Mean Mean SD
60 1.331 0.056 1.355 0.036 1,345% 0.048 0,994 0,399
66 1.352 0.044
70 1.343 0.035 1.327 0.037 1,341%8 0.045 3,043 0,085
81 1.348 0.029 1.339 0.029 1,331%8 0.047 1,206 0,333
20 1.345° 0.027 1.347° 0.032 1,280 0.041 13,583 0,001*
F 0.421 2.240 13.334
P 0.578 0.095 0.000*

SD; standard deviation, F: One-way repeated measures ANOVA, *Significant at p < 0.05 A, B: In the same column, the difference between the mean kVp without
common capital letters is significant. a,b: In the same row, the difference between the mA averages without the common lowercase letter is significant

Table 5. Comparison of fractal dimention results for CBCT measurements.

Standard Boosted HIRES
FOV/Resolution Fort P
Mean SD Mean SD Mean sD

8x8 1.304 0.089 1.334 0.090 1.329 0.081 1.338 0.299
12x8 1313 0.077 1.337 0.085 1.324 0.067 0.997 0.358
15x12 1.330 0.082 1.328 0.087 0.180 0.863
18x16 1313 0.083 1.335 0.070 -1.639 0.152
Fort 1.326 0.160 0.746

P 0.297 0.922 0.484

Standard: standard dose standart resolution scannnig, Boosted: standart dose high resolution scanning, HIRES: high dose high resolution scanning, SD; standard
deviation. t:Paired t-test, F: One-way repeated measures ANOVA, Significant at p < 0.05

larly in the early stages of lesions (21). Previous studies have
demonstrated that exposure parameters can influence the
amount of noise present in images (22, 23).

In our study, there was no statistically significant differ-
ence found in the FD of periapical radiographs. This is con-
sistent with the findings of a previous study that evaluated
exposure parameters on periapical radiographs and found
no significant difference in FDs (8). Given the high level of
detail and clarity provided by periapical images, it is be-
lieved that FD is not affected by changes in exposure param-
eters. In panoramic radiographs, FD was not significantly af-
fected up to 90 kVp and 13 mA, but there was a statistically
significant difference in images taken with 90 kVp and/or
13 mA. FD changed in images taken with less than 13 mA
and 90 kVp or with less than 90 kVp and 13 mA. To the best

of our knowledge, there are no studies on the effects of ex-
posure parameters on FA in panoramic images in the litera-
ture. Therefore, previous studies that have investigated the
effects of exposure parameters on image quality have been
reviewed in this study.

In a previous study, panoramic images that provide less
detail were found to have lower FD values than periapical
images that offer higher detail (24). Similarly, PSP scanned at
higher resolutions were found to have higher FD values (12,
17). Although previous studies did not directly investigate
the effects of different kVp-mA settings on FD in panoramic
radiographs, we believe that our results are related to the
varying spatial resolution, based on the information provid-
ed by these studies. However, further research is necessary
to fully explore this topic.
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In our study, we found no statistically significant differenc-
es in FD values between CBCT images taken with different
FOV sizes. This finding is consistent with a study by Tsai et al.
(25), which evaluated the effects of scanning protocols on
bone microarchitecture in CBCT images using the Image)
program and found that resolution mode did not affect the
trabecular parameters. However, it should be noted that
there are studies in the literature indicating that changes in
CBCT scanning parameters can alter image quality (27-30).
Furthermore, in a study by Corpas et al. (26) that evaluat-
ed bone density with CBCT images and histological bone
sections in animal experiments, the authors found that FD
values of two-dimensional CBCT image sections and his-
tological sections were not compatible. This suggests that
analyzing two-dimensional sections obtained from CBCT
images using the ImageJ program may not provide accurate
results. To address this issue, current publications recom-
mend using the BoneJ extension of the ImageJ program for
three-dimensional images, and using three-dimensional FD
analysis (31, 32). This approach can provide more accurate
and reliable results for FD analysis of CBCT images.

The goal of the researchers was to make the evaluation of
bone microarchitecture with FA applicable to clinical prac-
tice. They achieved this by evaluating clinical conditions like
orthognathic surgery healing and implant osseointegration
using FA (33, 34). Itis believed that FA can be useful in assess-
ing bone quality before and after surgical procedures. We
anticipate that this application will become more prevalent
in the future. Consequently, we believe that it is necessary to
standardize the use of FA in these assessments.

To improve the accuracy and reliability of the results, future
studies should have larger sample sizes to assess the effects
of technical parameters and the FA method on various imag-
ing modalities. Another limitation of this study was the lack of
consideration for soft tissue compensation, which may affect
the results. Since our study evaluated the effects of technical
features, soft tissue compensation was not taken into account.
Moreover, it should be noted that each image format has its
own advantages and disadvantages that should be taken into
account by the radiologist according to the intended use.

Conclusion

FA is a bone analysis technique that is intended for clinical
use but its standardization has yet to be clarified. The for-
mat of images used for FA can affect the FD. The study find-
ings suggest that using higher resolution TIFF images that
are suitable for black and white images can result in more
accurate measurements. The parameters, such as kVp and
mA, used for periapical and panoramic radiographs do not
significantly affect the FD. However, for panoramic images,
it is important to avoid using images that were taken with
high doses, such as 90 kVp and 13 mA. It is worth noting that
FA may not be appropriate for evaluating two-dimensional
cross-sectional images of CBCT, and three-dimensional FA
methods may be necessary.

Tiirkge ozet: Farkli Dental Radyografik Gériintiilerde Teknik Faktérlerin
Fraktal Boyuta Etkisi. Amag: Isinlama parametreleri ve gériintii formatinin
fraktal boyuta(FB) etkisini periapikal, panoramik ve KIBT gortintiileri
kullanilarak degerlendirmek amaglanmustir. Gere¢ ve Yontem: Erkek ka-

davralara ait, 7 adet tam dissiz kuru mandibula secildi ve belirlenilen ilgili
alanlar Gutha-Perka kullanilarak isaretlendi. 60 kVp/7mA dederlerinde
bir periapikal radyografi alindi ve DICOM,JPEG,TIFF,PNG formatlarinda
kaydedildi. Sonrasinda her mandibuladan sirasiyla 60,65,70kVp/4,5,6mA
degerlerinde 9 periapikal radyografi; sirasiyla 60,70,81,90kVp/ 5,8,13 ma
degderlerinde 12 panoramik radyografi; farkl ¢oziintirliik ve FOV boyut-
larinda 10 KIBT gériintiisti alindl. Segilen standart bélgelerden FB 6l¢iildi.
Bulgular: Sinif igi korelasyon degeri gézlemciler arasinda ytiksek derecede
uyum gésterdi. TIFF ve PNG formatlari arasinda istatistiksel olarak anlam-
I bir fark yoktu.(p>0.05) FB degeri en yiiksek TIFF formatinda, en diistik
JPEG formatinda 6l¢lildti.(p<0.001) Periapikal gériinttilerde farkli kVp ve
mA parametreleri arasinda anlamli bir fark yoktu.(p>0.05) Panoramik
goriinttilerde 90 kVp/13 mA parametrelerinde daha diisiik FB 6l¢ildii.
(p<0.001) KIBT gériintiilerinde farkli ¢éziindirliik ve FOV boyutlarinda
anlamli bir fark yoktu.(p> 0.05). Sonug: Gértintii formati FB'yi dedistire-
bilir. Periapikal ve panoramik radyografilerde kVp ve mA degisimleri
FBYyi bliylik dlclide etkilememektedir. Fraktal analiz, KIBT gibi li¢ boyutlu
goriinttilerde degerlendirme yapmak icin uygun bir ybntem olmayabilir.
Anahtar kelimeler: Fractal analiz, isinlama parametreleri, gériintii for-
mati, dental radyografi, KIBT.
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The effects of sports participation on the dental age in

adolescents

Purpose

The present study aims to assess the effect of sports on the dental maturity using
two different dental age assessment methods and to determine whether there is a
significant correlation between dental maturity and body mass index.

Materials and Methods

One hundred and thirty-eight students from Sports High School (study group)
and 126 from Fine Arts High School (control group) with standard panoramic
radiographs were included in the study. Dental age was assessed using Nolla's
and Haavikko's methods. Demographic information regarding the weekly training
hours and sports age of the study group participants was gathered. Body mass
index values of all participants were calculated. Factorial analysis of variance and
Tukey’s test were performed and the Pearson correlation coefficient was calculated.

Results

The mean age of the students was 15.93 + 1.13 years for the study group and 15.99
+ 1.09 years for the control group. Mean dental age values were lower than the
mean chronological age values in both high schools. The difference between the
dental and chronological ages was insignificant in Sports High School (p > 0.05).
Differences in the body mass index between high schools and genders were
statistically significant (p < 0.05). Significant correlations were detected between
the sports and dental ages and between dental age and body mass index values.

Conclusion
Sports participation could have positive effects on the dental maturity as well as on
the bone development.

Keywords: Body mass index, dental age, Haavikko’s method, Nolla’s method, sports

Introduction

Numerous studies have been conducted on the influence of sports on
human growth and development, with a focus on its effects on bone min-
eral density, body height and weight. The findings from these studies have
mostly indicated the positive impact of sport participation on growth-re-
lated parameters, bone development, and overall growth (1-4). However,
the relationship between sports and dental maturity is still unclear. When
considering the exercise routines and diets of individuals who participate
in sports, it can be inferred that sports activities may have a positive effect
on dental maturity. Several studies have found that dental maturity is influ-
enced by various factors, including gender, ethnicity, and systemic status
(5-7). On the other hand, some studies have reported that environmental
factors, such as nutritional status, do not have a significant impact on teeth
as they are more isolated compared to other body systems (8,9).

Assessing dental age using tooth maturity and eruption stages is es-
sential in addition to skeletal parameters when evaluating growth and
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developmental periods. There are two primary methods
for assessing dental age: visual and radiographical assess-
ment of the physiological maturity stages of teeth, and as-
sessment of age-related changes observed in teeth (10). In
determining dental age among children, tooth calcification
stages and eruption periods are typically taken into account.
Calcification assessment is considered a more reliable meth-
od since tooth eruption periods are affected by local and
systemic factors and cover a short period, while calcification
assessment allows for an assessment without the need for
tooth eruption (6,11-13).

Panoramic radiographs obtained from individuals for
any reason are a convenient, easy, and reliable means
of determining dental age (14). In studies on dental age
determination, panoramic radiographs are frequently as-
sessed using Demirjian’s, Haavikko'’s, and Nolla’s methods.
In previous Turkish studies, mean dental age values de-
termined by Demirjian’s method were found to be more
advanced than the individual’s chronological age, while
mean dental age values determined by Haavikko’s and
Nolla’s methods were more consistent with the individ-
ual’s chronological age. Therefore, Haavikko's and Nolla's
methods are regarded as more suitable for the Turkish
population (15-18). Nolla’s method, which includes a total
of 40 maturity stages when intermediate maturity stag-
es are included with the primary maturity stages, is more
sensitive (19). It has been found that excluding teeth with
a closed apex from evaluation improves the precision of
Haavikko’s method (20,21).

Body mass index (BMI) is one of the fundamental measure-
ment parameters for evaluating growth and development
since it allows for assessing an individual’s nutritional status
(22). Physical activity is known to have a positive impact on
BMI due to energy consumption (23,24).

Our study aims to assess the effect of sports on dental ma-
turity using two different dental age assessment methods
and determine if there is a significant correlation between
dental maturity and BMI. The null hypotheses of the study
are as follows: there is no difference in dental maturity be-
tween the sports and control groups, and there is no signifi-
cant correlation between dental maturity and BMI.

Materials and Methods
Study design

A cross-sectional research design was used for this study.
Ethical approval

The approval was obtained from the Clinical Research Eth-
ics Committee of the Faculty of Medicine, Suleyman Demirel
University, Isparta, Turkey (decision no. 103) and the Provin-
cial Directorate of National Education, Governorship of Is-
parta, Turkey (decision no. 11998629).
Study and control groups

During the selection process, the researchers chose stu-

dents from Isparta Sports High School as the sports group.
This high school is the only one in the province with regular

sports participation and daily and weekly training periods
within the school timetable. For the control group, students
from Isparta Fine Arts High School were chosen, which is a
high school where art classes such as painting and music are
the main focus in the school timetable. These students were
not participating in any sports activities, and they approved
of this study among other high schools in Isparta, Turkey.The
socioeconomic status of the students in both high schools
was similar, as they shared the same campus and lived with-
in the same region, which was classified as the low-income
class according to the data from the ‘Turkey Statistical Insti-
tute Income Distribution and Living Conditions Statistics"
The study group consisted of healthy students from Isparta
Sports High School and the control group included healthy
students from Isparta Fine Arts High School who provided
informed consent to participate in the study.

Intraoral and radiographic examination

The study included intraoral and radiographic examina-
tions of participants. Intraoral examinations were performed
in a designated hall using sterile equipment. Participants
who required radiographic examination and had indications
for panoramic radiographs were invited to the clinic. Among
the students who visited our clinic, 138 (46 female, 92 male)
students from Isparta Sports High School and 126 (79 fe-
male, 47 male) students from Isparta Fine Arts High School
with non-distorted, high-quality, standard panoramic ra-
diographs (Planmeca Promax 2D, Helsinki, Finland) were in-
cluded in the study. Dental age was assessed by tooth calci-
fication levels determined from the panoramic radiographs
using Nolla’s and Haavikko's methods.

The study gathered information on the weekly training
hours and sports age of the participants from the study
group. Weekly training hours refer to the number of hours
spent in sports training each week, while sports age is de-
fined as the duration of sports involvement in years. The
data was collected using prepared forms and saved in Mi-
crosoft Excel 2013 (Microsoft Corporation, California, USA).

Dental age assessment using Nolla’s method

Each tooth was assessed using the ten maturity stages of
Nolla’s method, in which dental age is determined through the
left mandibular teeth, including the third molar (19). When a
radiograph image fell between two of the ten stages, interme-
diate maturity stage scores were utilized by adding 0.2 points
if the image was closer to the lesser value's image, 0.5 points if
the image fell in the middle of two values, and 0.7 points if the
image was closer to the greater value’s image. As this method
has different scoring tables available depending on the inclu-
sion of mandibular and maxillary third molars for females and
males, the dental ages of participants were calculated by de-
termining the sum of the points obtained from each tooth on
the table. In the event of a lack of left mandibular teeth, the
maturity stage of the symmetric tooth was assessed.

Dental age assessment using Haavikko’s method

Haavikko's method is a dental age estimation method
that involves assessing all permanent teeth, including third
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molars, based on 12 maturity stages consisting of six crown
and six root maturation stages (25). Any teeth with complete
root maturity were excluded from dental age calculation.
The maturity stage of each tooth, including left mandibular
third molars, was determined, and corresponding scores for
these maturity stages were obtained using tables prepared
separately for male and female participants. The mean den-
tal age was established by dividing the sum of scores by the
number of examined teeth.

Assessment of BMI

Height and weight measurements for all participants were
taken and recorded using a mechanical scale with a stadi-
ometer (MESITAS AS, Mesilife JSA-180, Istanbul, Turkey) to
determine BMI. Participants were advised to take off their
shoes and wear lightweight clothing during the measure-
ments. BMI for each participant was calculated by dividing
weight by the square of height in meters (kg/m?). Based
on the calculated values, each participant’s BMI was deter-
mined to be within or outside the normal range according
to the World Health Organization (WHO) classification (26).

Statistical analysis

Statistical analyses were performed using the IBM SPSS (IBM
Corp. Released 2015. IBM SPSS Statistics for Windows, Version
23.0. Armonk, NY: IBM Corp.) package. A value of p < 0.05 was
considered statistically significant. Before the study, dental
age assessments were performed by one researcher over 25
randomly chosen radiographs at two different times in order
to ensure training and calibration. Intraclass correlation coeffi-
cient (ICC) was calculated to determine the researcher’s inter-
nal consistency. Descriptive statistics for quantifiable param-
eters were obtained by calculating the arithmetic mean and
standard error. This was performed in separate calculations for
each high school. The Chi-square test of independence was
used to determine whether the gender and high school vari-
ables were independent of each other. Differences in mean
gender values were established by comparing the weekly
training duration in hours and sports age data obtained from
the Sports High School using the t-test. Variance analysis with
the factorial design was utilized to determine the differences
between high schools and mean gender values in the con-
tinuous variables that met the preconditions of parametric
tests, including chronological age and BMI. The Type Il sum
of squares technique, utilized with imbalance correction, was
used in the variance analysis with factorial design. Two levels
for the high school factor (Sports High School and Fine Arts

High School) and two levels for the gender factor (male and
female) were present in the study. Data obtained regarding
age were analyzed with repeated measures analysis of vari-
ance with factorial design. There were two levels for the gen-
der factor (female and male), five levels for the age group
factor (14, 15, 16, 17, and 18), two levels for the high school
factor (Sports High School and Fine Arts High School) and
three levels for the age type factor (chronological, Nolla’s, and
Haavikko's). Repeated measures were performed for the levels
of the age type factor. Tukey’s test, a multiple comparison pro-
cedure, was used to detect differences between mean values
of the factor levels. A linear relationship between properties
was examined by calculating the Pearson correlation coeffi-
cient for chronological age, sports age, weekly training dura-
tion in hours, BMI, and dental age determined by Nolla’s and
Haavikko's methods.

Results

The ICC value for the internal consistency of the single re-
searcher who performed all measurements was determined
to be 0.95, indicating substantial reliability.

The distribution of mean chronological and dental age
values (determined by Nolla’s and Haavikko’s methods) of
students by high school and gender are presented in Table 1.
Although no statistically significant difference was observed
in mean chronological age values between genders and
high schools (p > 0.05), a significant difference was found in
the gender distribution of high schools (p < 0.05). The differ-
ence between mean dental age values determined by both
methods and chronological age values was statistically sig-
nificant in Fine Arts High School (p < 0.05) and insignificant
in Sports High School (p > 0.05). Mean dental age values as-
sessed by both methods were significantly lower than the
mean chronological age values of female students in both
high school groups (p < 0.05). The mean dental age values
assessed by Nolla’s method were greater than the mean
chronological age values of male students of Sports High
School and lower than the mean chronological age values of
male students of Fine Arts High School (p > 0.05). The mean
dental age values assessed by Haavikko’s method were also
lower than the mean chronological age values of male stu-
dents of both high schools. This difference was statistically
significant in Fine Arts High School (p < 0.05) and insignifi-
cant in Sports High School (p > 0.05).

Table 2 shows the distribution of mean chronological
age values and mean dental age values assessed by Nolla’s
method by age group and high school. Mean dental age val-
ues assessed by Nolla’s method were lower than the mean

Table 1: Mean chronological and dental age (by Nolla’s and Haavikko's methods) values distribution of the students by high school and gender.

Chronological age

Dental age (Nolla) Dental age (Haavikko)

High school
Female Male Total Female Male Total Female Male Total
rts High School
SR ] D 15.99+1.24* 15.90+1.07 15.93+1.13 14.90+1.85% 15.99+1.85 15.63+1.92 14.75+2.13* 1547+1.82 15.23+£1.95
(46 female, 92 male)
FmeArtSngh School 15.84+1.07% 16.25+1.09* 15.99+1.09" 14.56+1.83* 15.64+1.36 14.96+1.74" 14.21+2.04* 15.46+1.93% 14.68+2.08"

(79 female, 47 male)

#¥%"p < 0.05
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chronological age values of all age groups in both high
school groups. Although this difference was not statistical-
ly significant in the 14 age group in either high school (p >
0.05), it was statistically significant for Sports High School in
the 18 age group and for Fine Arts High School in the 15, 16,
17,and 18 age groups (p < 0.05).

Table 3 displays the distribution of mean chronological age
values and mean dental age values assessed by Haavikko'’s
method by age group and high school. Mean dental age val-
ues assessed by Haavikko’s method were lower than the mean
chronological age values of all age groups in both high school
groups. This difference was statistically significant in the 14,
15, and 18 age groups in both high schools, and in the 16 and
17 age groups only in Fine Arts High School (p < 0.05).

Figure 1 provides the sports age distribution of Sports
High School students. The mean sports age values were 4.37
+ 0.25 years for females, 4.14 + 0.22 years for males, and 4.21
+ 0.23 years in total. Gender and sports age were found to
be statistically independent of each other (p > 0.05). The
weekly training duration distribution of Sports High School
students are presented in Figure 2. The mean weekly train-
ing duration values were 7.02 + 0.52 hours for females, 7.45
+ 0.38 hours for males, and 7.31 £+ 0.43 hours in total. Weekly
training duration and gender were also statistically indepen-
dent of each other (p > 0.05).

The mean BMI value of Sports High School students was
20.66 + 0.20 kg/m? (19.90 + 0.33 kg/m? for females and
21.04 + 0.25 kg/m? for males) and the mean BMI value of
Fine Arts High School students was 21.23 + 0.33 kg/m?
(20.92 + 0.43 kg/m? for females and 21.75 + 0.50 kg/m? for
males); all values were within the normal range according
to the WHO classification. Differences in BMI between high

Number of Students

SporsAge [myesrs)

Figure 1. The sports age distribution of Sports High School
students.

MNumber of Students

Duss tian [im hous)

Figure 2. The weekly training duration distribution of Sports High
School students.

Table 2: The distribution of mean chronological age values and mean dental age values assessed by Nolla’s method by age group and high school.

Chronological age

Dental age (Nolla)

Age group

Sports Fine Arts Sports Fine Arts

High School High School High School High School
14 1424 £0.12 14.24 £0.32 13.70 £ 0.89 13.86 £ 1.27
15 1493 £0.22 15.07 £ 0.24" 14.52 £1.39 1441 +1.66"
16 15.90 £ 0.30 15.87 £0.27° 15.84 £ 1.51 14.61 + 1.59
17 16.93 £0.28 16.86 + 0.29" 16.84 £1.59 15.69 + 1.26"
18 17.76 £ 0.14" 17.88 £0.32" 16.93 £ 2.28" 16.36 £ 2.15"
“p<0.05

Table 3: The distribution of mean chronological age values and mean dental age values assessed by Haavikko’s method by age group and high school.

Chronological age

Dental age (Haavikko)

Age group Sports Fine Arts Sports Fine Arts
High School High School High School High School
14 1424 +0.12° 14.24 +0.32" 12.96 +1.01" 13.00 + 1.65"
15 14.93 +0.22" 15.07 + 0.24" 13.85+ 1.45" 14.07 + 2.08"
16 15.90 £ 0.30 15.87 £0.27° 15.70 £ 1.55 14.16 + 2.03"
17 16.93 £0.28 16.86 + 0.29" 16.67 +£1.03 15.62 +1.37"
18 17.76 £ 0.14" 17.88+0.32° 16.50 + 2.05" 16.51 + 1.80"

“p<0.05
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schools and genders were statistically significant (p < 0.05).
BMI distribution of both high school students was deter-
mined based on the WHO classification. Accordingly, 60
(43%) of the Sports High School students were found to be
underweight, 71 (52%) of them were normal weight, and 7
(5%) of them were overweight, while 56 (45%) of the Fine
Arts High School students were found to be underweight,
53 (42%) of them were normal weight, 14 (11%) of them
were overweight, and 3 (2%) of them were obese.
Statistically significant correlations observed among the as-
sessed parameters are shown for each high school in Table 4.

Discussion

The importance of sports activities in the growth and de-
velopment of young adults is well-established (4,27). A study
has shown that individuals who participate in sports exhibit
greater gains in height, muscle mass, and bone mineraliza-
tion rates compared to their non-sporting peers (28). Various
age estimation methods are utilized to assess the level of
physical growth and development in these individuals (29).
Teeth contain building blocks such as calcium, phosphate,
and magnesium, which are similar to bone structure and can
also be utilized in these methods (30,31).

In a previous study, the importance of dental age assess-
ment to support skeletal age assessment for fair competition in
sports was emphasized, and it was suggested that third molars
could be examined for this purpose (32). Several studies have
reported positive correlations between dental and skeletal ma-
turity, and it has been suggested that dental maturity could be
a parameter reflecting skeletal maturity (33-36). Dental age as-
sessment methods typically involve histological, biochemical,
and radiological techniques, with the radiographic technique
considered a quick, easy, and reliable method (19,37).

In a study conducted in Turkey among 425 children aged
between 7 and 13 years, it was reported that mean dental
age values using Nolla’s method were significantly lower than
mean chronological age values for both genders (17). In an-
other study carried out in Turkey, dental ages of 719 children

aged between 6 and 18 years were assessed using Nolla’s
method, and the mean dental age values were lower than
the mean chronological age values for both genders. Howev-
er, the difference was only statistically significant in females.
The study reported that dental age estimation using Nolla’s
method is reliable for males in the Turkish population (18). In
another study conducted in Turkey among 673 children aged
between 5 and 16 years, the mean dental age value assessed
using Demirjian’s method was found to be greater than the
mean chronological age value by 0.86 years. Conversely, the
mean dental age value assessed using Nolla’s method was
lower than the mean chronological age value by 0.54 years.
Based on these results, it has been concluded that Nolla’s
method yields more reliable results for dental age assessment
in the Turkish population (16). Haavikko’s method was initially
used in 1970 among 885 Finnish children between the ages of
2 and 13 years, and it was found to be consistent with chrono-
logical age (38). Due to its development based on individu-
als from northern European countries, Haavikko’s method
is considered more credible in assessing dental maturity in
these countries. In a study conducted in Turkey, three differ-
ent methods (Nolla’s, Demirjian’s, and Haavikko's) were used
to assess dental ages of 425 children between the ages of 7
and 13 years. According to the results, Haavikko’s method was
found to be more reliable than the other methods and yield-
ed results closer to chronological age (17). Therefore, Nolla’s
and Haavikko’s methods, which were considered the most
suitable for the Turkish population compared to other meth-
ods, were used in the current study to assess dental age using
tooth calcification levels (16-18). For this purpose, panoramic
radiographs were used as they were found to provide more
accurate results than periapical radiographs (39).

In studies conducted among children in various coun-
tries, some researchers have reported that dental age as-
sessed by Nolla’s and Haavikko’s methods tend to be lower
than chronological age, while other researchers have found
dental age evaluated by these methods to be comparable
to chronological age (40,41). In a previous study, it was re-
ported that the mean dental age value set by Nolla’s method

Table 4: Statistically significant correlations observed among the assessed parameters for Sports High School and Fine Arts High School.

Pearson correlation coefficient p value
Parameters Sports Fine Arts Sports Fine Arts
High School High School High School High School

Sports age-Chronological age 0.245 0.004"

Sports age-Age group 0.255 0.003"

Sports age-Haavikko’s dental age 0.188 0.027

Sports age-Nolla’s dental age 0.198 0.020"

Chronological age-BMI 0.262 0.002"

Age group-Haavikko’s dental age 0.650 0.464 0.001" 0.001"
Age group-Nolla’s dental age 0.577 0.421 0.001" 0.001"
Age group-BMI 0.287 0.001"

Haavikko’s dental age-Nolla’s dental age 0.822 0.898 0.001" 0.001"
Haavikko’s dental age-BMI 0.293 0.294 0.001" 0.001"
Nolla’s dental age-BMI 0.345 0.284 0.001" 0.001"

*p<0.05
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underestimated the chronological age value by 0.87 years
in females and 1.18 years in males (37). Some studies utiliz-
ing Haavikko’s method have reported that dental age results
were consistent with chronological age, suggesting Haavik-
ko's method to be a useful method (20,42). Other studies
have found Haavikko’s method to underestimate chrono-
logical age (43,44). In our study, mean dental age values
found by Nolla’s and Haavikko’s methods were lower than
mean chronological age values in both high school groups.
Smaller differences between mean dental age values by
Nolla’s and Haavikko’s methods and mean chronological
age values in Sports High School students compared to Fine
Arts High School students suggest that sports activities may
have a positive impact on dental maturity. Mean dental age
values assessed by both methods were found to be lower
than mean chronological age values in female students of
both high school groups. In male students of Sports High
School, the difference between mean dental age values as-
sessed by both methods and mean chronological age values
was smaller than in male students of Fine Arts High School.
Dental maturity was greater in males involved in sports ac-
tivities compared to females, which may be associated with
males taking part in more physically challenging activities.

Moreover, higher BMI values among males compared
to females may indicate an acceleration in dental maturi-
ty due to increased BMI. A research has pointed out a po-
tential relationship between skeletal and dental develop-
ment and a positive effect of bone development on dental
maturity (45). It may be considered that sports activities,
which affect the piezoelectric effect influencing the stimu-
lation of osteoblasts, may also have a positive effect on the
stimulation of odontoblasts (46). On the other hand, while
showing a tendency to underestimate mean chronological
age values, mean dental age values assessed by Nolla’s and
Haavikko's methods were found to be consistent with each
other and based on the guidance of previous studies, it was
confirmed in our study that both methods are suitable for
dental age estimation in children among the Turkish pop-
ulation (16-18).

Although the compatibility between mean dental age as-
sessed by each method and mean chronological age differs by
age group, it must be taken into consideration that consistency
between dental age and chronological age may decrease as
the number of teeth assessable for these methods decreases
as individuals get older. In the dental age values estimated by
Haavikko's method in Fine Arts High School, the tendency of
dental age to be lower than chronological age among all age
groups was noted. It was also observed that Nolla’s method
provided results closer to chronological age only in the 14 age
group. Therefore, it can be inferred that Nolla's method may be
suitable for use in 14-year-olds who do not participate in sports.
The significantly lower dental age assessed by Haavikko's meth-
od compared to chronological age in the 14 and 15 age groups
of Sports High School students may be explained by lower
sports ages and BMI values seen in students among these age
groups. On the other hand, because there was not a statisti-
cally significant difference between mean dental age values
assessed by Nolla’s method and mean chronologic age values
in all age groups except the 18 age group in this high school,
Nolla’s method may be suitable for the dental age assessment
of individuals who participate in sports. It was observed that for

the 16 and 17 age groups in Sports High School, as sports age
increases, dental maturity and BMI are positively influenced,
and dental age values assessed by both methods tend to be
closer to chronological age values. This finding in our study was
compatible with a study conducted in the United States, which
reported that long-term and regular sports activities had posi-
tive effects on BMI (47). In the 18 age group, the statistically sig-
nificant underestimation of mean dental age values assessed
by both methods compared with the mean chronological age
values in both high schools may be associated with the decline
in methodological sensitivity in this age group.

Approximately half of the body weight of an adult is
gained during adolescence. It has been reported that hav-
ing a BMI within normal ranges during this period is predic-
tive of having healthy body measurements in adulthood
(48,49). In a study conducted in Turkey among 664 ado-
lescent participants with an average age of 14.48 years, it
was reported that participants who exercise regularly had
mean BMI values within normal values and these mean
values were significantly lower than those who were not
involved in sports and that sports activities contribute to
maintaining a BMI value within normal ranges (49). In an-
other study carried out in Turkey, BMI values of 204 adults
who participated in sports and 208 adults who were not
active were assessed, and it was found that BMI scores of
individuals who were involved in sports were significant-
ly lower, thus demonstrating the positive effect of sports
on BMI (50). In a study performed on two Southern Califor-
nian high schools with 37 participants who were involved
in sports and 37 participants who were not involved in
sports between the ages of 14 and 17 years, it was found
that the mean BMI value of the participants who were in-
volved in sports was significantly lower. It was inferred that
their general body health was in better condition when
compared with the participants who were not involved in
sports (48). In contrast, in a Canadian study in which 2278
children aged between 9 and 10 years were included, no
statistically significant relationship was found between
sports activities and BMI (23). In a study conducted on the
Turkish population in which BMI values of 160 adults in-
volved in sports were assessed, there was no statistically
significant association between sports age and BMI (51).
Despite some different findings, our study was consistent
with the body of evidence indicating a positive influence of
sports participation on BMI. The mean BMI value of Sports
High School students in our study, who were designated as
the sports group, was observed to be lower than the mean
BMI value of Fine Arts High School students. The signifi-
cant correlations detected between sports age and dental
age and between dental age and BMI values suggest that
sports participation positively affects dental maturity and
bone development.

This study has several limitations that need to be consid-
ered. Firstly, there was no sports club with enough profes-
sional athletes in the province where the study was conduct-
ed, and hence, professional athletes could not be included
in the study to assess the impact of sports on dental matu-
rity. Secondly, there was only one Sports High School in the
province, and the only high school that was willing to partic-
ipate in the study among other high schools was Isparta Fine
Arts High School. As a result, it was impossible to achieve an
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equal distribution of gender among high schools. Addition-
ally, only students who had indications for panoramic radio-
graphs were included in the study, and their skeletal maturi-
ty was not evaluated to prevent further radiation exposure.

Conclusion

The results of this study suggest that there may be positive
effects of sports on dental maturity and bone development,
although these findings are subject to some limitations. Fur-
ther studies are needed to confirm these results and provide
more conclusive evidence on this topic.

Tiirkge 6z: Adolesanlarda sporun dis yasi lizerine etkisinin incelenmesi.
Amag: Bu ¢alisma, sporun dis olgunlugu (izerindeki etkisini iki farkli dis
yasi degerlendirme yontemi kullanarak degerlendirmeyi ve dis olgunlugu
ile viicut kitle indeksi arasinda anlamli bir iliski olup olmadigini belirleme-
yi amaglamaktadir. Gereg ve Yéntem: Standart panoramik radyogrdfileri
olan Spor Lisesi'nden (calisma grubu) 138 ve Glizel Sanatlar Lisesi'nden
(kontrol grubu) 126 dgrenci calismaya dabhil edildi. Dis yasi, Nolla ve Ha-
avikko yéntemleri kullanilarak degerlendirildi. Calisma grubu katiimcila-
ninin haftalik antrenman saatleri ve spor yaslari ile ilgili bilgiler edinildi.
Tiim katihmcilanin viicut kitle indeks degerleri hesapland. Faktériyel var-
yans analizi ve Tukey testi yapildi ve Pearson korelasyon katsayisi belir-
lendi. Bulgular: Ogrencilerin yas ortalamalan; calisma grubu icin 15.93 +
1.13 yil, kontrol grubu igin 15.99 + 1.09 yil idi. Her iki lisede de ortalama dis
yasi degerleri, ortalama kronolojik yas dederlerinden daha ddisiikti. Spor
Lisesi'nde, dis yasi ve kronolojik yas arasindaki fark 6nemsizdi (p > 0.05).
Liseler ve cinsiyetler arasindaki viicut kitle indeks farklliklar, istatistiksel
olarak anlamliydi (p <0.05). Spor yasi ile dis yasi arasinda ve dis yasi ile
viicut kitle indeksi dederleri arasinda anlamli korelasyonlar tespit edildi.
Sonug: Spor, kemik gelisiminin yani sira dis olgunlugunu da olumlu yénde
etkileyebilir. Anahtar Kelimeler: Dis yasi, Haavikko metodu, Nolla metodu,
spor, viicut kitle indeksi
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Original research

A randomized trial of the effectiveness of an ultrasonic denture
hygiene intervention program among community-

dwelling elders*

Purpose
This study aimed to assess the effectiveness of ultrasonic denture hygiene
interventions in improving denture cleanliness among elderly individuals.

Materials and Methods

Sixty-six participants who had received upper metal framework removable partial
dentures within the past 5 years were randomly allocated into three denture
hygiene intervention groups: group 1 (mechanical cleaning with a toothbrush and
ultrasonic cleaning with cetylpyridinium chloride), group 2 (mechanical cleaning
with a toothbrush and ultrasonic cleaning with distilled water), and control
(mechanical cleaning with a toothbrush only). Denture cleanliness was assessed
at baseline and 1-month using: i) Denture Cleanliness Index (DCI) scores; ii) plaque
coverage percentage; and (iii) microbiological samples for bacterial and yeast
detection. Differences between groups were assessed with one-way analysis of
variance and Chi-squared tests.

Results

Mean DCl scores and mean percentages of plaque coverage area were significantly
reduced in group 1 and group 2, compared to the control group for both cobalt
chromium (CoCr) and acrylic fitting surfaces (p<0.001). No significant differences
were found between groups 1 and 2 with regard to the prevalence and viable
counts of yeasts or total microbial viable counts. No significant differences in the
investigated clinical and microbiological parameters were observed between CoCr
and acrylic surfaces following the intervention period.

Conclusion

The ultrasonic cleaner was significantly more effective than mechanical cleaning
in the reduction of biofilm coverage on metal framework removable partial
dentures over a 1-month intervention period. Nevertheless, the adjunctive use of
cetylpyridinium chloride with ultrasonic cleaning did not yield additional benefits.

Keywords: Cetylpyridinium, Denture cleansers, Plaque, Randomized controlled trial,
Ultrasonic

Introduction

Tooth loss is very common amongst elders in Hong Kong. Approximate-
ly 60% of non-institutionalized elderly (65 to 74 years old) have dental
prostheses and over a third wear removable partial dentures (RPDs) (1).
Denture hygiene has been increasingly recognized as a public health
concern, especially with elders who, for diverse reasons, have difficulties
in maintaining denture hygiene. The loss of manual dexterity, long-term
diseases such as dementia, and lack of knowledge or guidance on proper
cleaning methods are commonly cited factors (2, 3). The lack of regular
oral hygiene practices not only leads to a build-up of dental plaque and
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periodontal disease, but also to the establishment of an oral
reservoir of respiratory pathogens (4).

As such, the large majority of studies on oral health in-
terventions have been targeted at improving oral care and
the cleaning of the existing dentition with a wide range of
mechanical oral hygiene aids such as electric toothbrush-
es, as well as chemotherapeutic agents delivered in the
form of mouthrinses, sprays, and gels (5-8). A systematic
review reported a lack of evidence, particularly in terms of
randomized controlled trials, regarding the comparative
effectiveness of mechanical or chemical methods to clean
dentures (9). Additionally, all retrieved studies pertained
to acrylic complete dentures worn by edentulous patients,
and no study investigated cleaning methods for RPDs with
metallic components. The latter is not suitable for cleans-
ing with microwave irradiation or soaking in bleach, which
have been suggested for the complete sterilization of
complete acrylic dentures (10). Cruz et al. (11). published
a clinical trial on ultrasonic denture cleaning and found a
significant reduction in the percentage of biofilm coverage
area compared to the control group; however, this study
only assessed acrylic complete dentures. Currently, there is
a lack of clinical studies assessing denture cleaning meth-
ods for partial dentures, especially those with a metallic
framework.

The aim of this study was to investigate the effectiveness
of a denture hygiene program using a combination of ultra-
sonic mechanical cleaning and an antiseptic agent (cetylpyr-
idinium chloride [CPC]). Ultrasonic cleaning provides a
mechanical cavitation effect which loosens and removes
adherent microbial biofilms (10). CPC is a quaternary ammo-
nium compound with established antimicrobial properties
and has a long track record of in vivo use as a mouthrinse
(12). While previous in vitro studies have demonstrated its
compatibility with RPDs incorporating metal components
such as frameworks and clasps, the utility of CPC as a den-
ture cleanser in combination with ultrasonic cleaning has
not yet been investigated (13).

The objective of this study was to compare the effec-
tiveness of three denture hygiene interventions: (1) ul-
trasonic cleaning with 0.07% CPC, (2) ultrasonic cleaning
with distilled water, and (3) mechanical cleaning with a
soft toothbrush and liquid detergent [Control group] in
improving denture cleanliness among community-dwell-
ing elders over a 1-month period. The secondary objec-
tives were to evaluate changes in microbial levels and to
compare the effects of the interventions on acrylic and
metallic denture fitting surfaces. The null hypotheses
were that there would be no differences in denture clean-
liness or microbial levels between the three intervention
groups, as well as no differences in outcomes between
acrylic and metallic denture surfaces.

Material and Methods
Ethical statement
The protocol for this randomized controlled single-blind

trial was approved by the Institutional Review Board of the
University of Hong Kong (approval number UW 16-266).

Sample size estimation

Denture plaque was the primary outcome variable in this
study. Based on 80% power, a statistical significance lev-
el set at 0.05, and a previously documented mean plaque
coverage score of 28.11 (standard deviation=19.64), we de-
termined that 20 patients were required in each group to
detect a 20% difference in denture plaque coverage scores
among groups (14). Taking into account an anticipated 10%
dropout rate, the proposed sample size was 66 participants
(22 per group) (14).

Study population

The study population comprised elders aged 65 years old
or above who were previously provided with cobalt chromi-
um (CoCr) RPDs within the past 5 years at a dental hospital. A
full list of patients meeting these inclusion criteria was gen-
erated from the computerized patient database. A total of 66
patients were selected by random sampling; these patients
were contacted by letter and telephone and invited to un-
dergo a clinical examination. Written informed consent was
obtained, and ethics approval was granted by the appropri-
ate institutional review board.

Study protocol

The baseline and 1-month review examinations included
assessments of oral health and denture cleanliness. Denture
cleanliness was assessed clinically and microbiologically by
a single assessor, who was blinded to treatment allocation
and not involved in the provision of denture hygiene instruc-
tions (conducted by a research assistant). Intra-examiner re-
producibility was determined in a randomly selected subset
(10%) of participants. A basic intra-oral examination was
conducted and recorded with dental charts. Dental plaque
levels and gingival status were assessed with the Silness and
Loe Plaque Index (Pl) and the Gingival Bleeding Index (GBI),
respectively (15, 16). Dental caries (DMFT index) and peri-
odontal status (Community Periodontal Index [CPI]) were as-
sessed in accordance with World Health Organization guide-
lines (17). Sociodemographic characteristics and baseline PI,
GBI, DMFT, and CPI scores were compared among groups to
confirm the absence of bias in the randomization process.

Denture cleanliness was assessed both qualitatively and
quantitatively. Qualitative assessment comprised disclos-
ing denture plaque on the fitting surface with a plaque dis-
closing agent (GUM® Red-Cote® Liquid; Sunstar Americas,
Inc., Chicago, IL, USA) and rating the denture according to
Denture Cleanliness Index (DCI) criteria (18). The DCI score
was graded by visual assessment of the stained area of the
denture fitting surface. CoCr frameworks and acrylic saddles
were graded separately. Quantitative analysis of denture
cleanliness was determined by obtaining photographic im-
ages for planimetric assessment (4). Images of the dentures
were captured by a digital camera (Nikon D80 AF-S Nikkor
60mmf/2.8G ED, Nikon Inc., Tokyo, Japan) with a fixed man-
ual setting (aperture F29; exposure time 1/100 ISO 125). The
film-object distance was standardized by a camera stand.
Plaque coverage of the fitting surfaces was quantitatively
determined with Adobe Photoshop® (CC2014: Adobe Sys-
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tems Inc., San Jose, CA). In brief, the JPG file of each den-
ture image was opened, and a “magnetic lasso” tool used to
outline the margin of the CoCr framework, which was cut
and pasted to a new file. The “magic wand” tool was used to
select the plaque-stained area (threshold 30), and this was
copied and pasted to a new file. The percentage of plaque
coverage area was determined by total plaque pixels/total
denture surface pixels. The same procedures (steps 1-4)
were repeated for the acrylic saddles.

The imprint technique was used to obtain microbiological
samples from denture fitting surfaces (19, 20). In brief, (2.0 x
2.0 cm) and (0.5 x 0.5 cm) sterile foam pads were pressed to
the denture fitting surface of the CoCr major connector and
acrylic resin saddle for 60 seconds. Imprint samples were
then transferred to tubes containing 10 mL saline, vortexed,
and spiral plated on Sabouraud agar (yeast) and blood agar
(total microbial count). Colony-forming units (CFU) were
enumerated for all samples, and pure cultures were ob-
tained for storage (-70°C) and subsequent identification.
Pure cultures were identified by colony morphology, Gram
stain, and commercial identification kits (ID32C [bioMerieux
Vitek; Hazelwood, MO, USA]).

Cleaning protocols

Following baseline assessments, participants were ran-
domly allocated to one of three groups: Group 1 (Mechan-
ical cleaning of the RPD with a soft toothbrush and liquid
detergent, plus ultrasonic cleaning [42 kHz] for 7 min and 30
s with 0.07% CPC mouthrinse [Oral-B* Pro-Health™; Boston,
MA, USA], once daily); Group 2 (Mechanical cleaning with a
soft toothbrush and liquid detergent and ultrasonic clean-
ing [42 kHz] for 7 min and 30 s with distilled water, once dai-
ly); and Group 3 (Control group, mechanical cleaning with a
soft toothbrush and liquid detergent, once daily).

Randomization (block randomization; random number ta-
ble; sequentially numbered, sealed, opaque envelopes) was
performed by a research assistant who was not involved in
the clinical assessment of outcome measures. Participants
were provided with verbal and written denture hygiene
instructions. Customized oral hygiene instructions for par-
ticipants’ remaining natural dentition were provided on a
one-to-one basis. The principal investigator conducting the
clinical assessments was blinded to treatment group allo-
cation. A manual toothbrush and standard sodium fluoride
toothpaste were provided to participants in all groups.

Statistical analysis

Changes in continuous variables within groups from base-
line to 1 month were analyzed by two-way analysis of vari-
ance (ANOVA) and paired t-tests (or nonparametric equiv-
alent); a complete case analysis was performed. One-way
ANOVA and two-sample t-tests (or nonparametric equiva-
lent) were used to investigate differences between the three
intervention groups. Comparisons of categorical variables
between the three intervention groups were performed
with Chi-squared tests, while changes within groups from
baseline to 1 month were identified with the Cochran Q test.
Multiple linear regression analyses were used to evaluate
potential independent factors associated with continuous

variables and categorical variables at baseline and 1T month.
All analyses were conducted with the Statistical Package for
Social Sciences (SPSS) for Windows software, version 16.0
(SPSS Inc., Chicago, IL,USA).

Results

During the recruitment period, a total of 84 patients were
contacted by phone; 19 patients declined to participate in
the study, citing reasons such as time conflicts due to em-
ployment, disabilities affecting mobility, and lack of interest.
Three patients did not meet inclusion criteria. A total of 66
patients (48 female; 18 male) were recruited at baseline ex-
amination and randomly allocated into one of three groups.
Two patients dropped out prior to the 1-month review. One
patient reported that she could not operate the ultrasonic
cleaner. Another subject did not return for review due to
time conflicts. The mean age of the patients was 66.97+6.91
years, and the average denture service life was 19.05+5.63
months. There was a significantly higher percentage of fe-
males (90.9%) than males in Group 3. There were no signifi-
cant differences in age, mean denture service life, Kennedy
classification type, Pl scores, DMFT, CPI, or loss of attachment
(LOA) between groups at baseline.

DCl assessment

The mean DCl scores on CoCr major connectors were not
significantly different between groups at baseline (Table 1).
Within-group comparisons found significantly lower mean
DCl scores at review compared to baseline, for both groups
1 and 2 (p<0.001). A significantly higher mean DCI score at
review was found in group 3 (2.09+0.75) compared to group
2 (1.15+£0.37) and group 1 (1.14+0.56) (p<0.001), while no
significant differences were noted between groups 1 and 2.
Group 1 (1.45+0.86) and group 2 (1.00+0.86) had significant-
ly larger mean DCI change scores than group 3 (0.23+0.68;
p<0.001) (Table 1).

The mean DCl scores on acrylic saddles did not show sig-
nificant differences at baseline between groups (p=0.189).
Significantly lower mean DCI scores were observed on re-
view compared to baseline in both groups 1 (p<0.001) and
2 (p<0.001). At review, group 3 (1.95+0.72) demonstrated
significantly higher mean scores than group 1 (1.09£0.53)
and group 2 (1.15£0.59) (p<0.001). Mean DCI change scores
in group 1 (1.68+0.95) and group 2 (1.20+£1.01) were sig-
nificantly higher than that in group 3 (0.36+0.79; p<0.001).
There were no significant differences in mean DCl scores
between CoCr major connectors and acrylic saddles with-
in groups at either baseline or review. Mean change scores
were not significantly different between CoCr and acrylic
surfaces in any of the three groups.

Factors assessed for association with DCI scores of CoCr
major connectors included age, sex, denture wearing time,
Pl and BI at baseline, DMFT, CPI, LOA, patient compliance,
Kennedy classification of dentures, yeasts, DCl scores and
plaque coverage percentage. Multiple linear regression
analyses identified that denture wearing time (p=0.014)
and CPI scores (p=0.025) were significantly associated with
DClI scores at baseline. After the clinical trial, however, only
interventions 1 and 2 (p<0.001), DCl scores at baseline
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(p<0.001), and the presence of yeast on CoCr (p=0.024) were
significantly associated with 1-month DCl scores (adjusted
R?=0.53). DCI scores (on acrylic) were not significantly asso-
ciated with any of the investigated factors at baseline; in-
terventions 1 and 2 (p<0.001) were significantly associated
with 1-month DCl scores (adjusted R>=0.38).

Plaque coverage scores

At baseline, the mean percentage of plaque coverage
on CoCr major connectors was not significantly different
among the three groups (p=0.596) (Table 2). All three groups
demonstrated a significant reduction in mean plaque cov-
erage scores at review compared to baseline (p<0.05). A
significantly lower mean plaque coverage score was found
in group 1 (17.89£12.9) and 2 (16.22+9.22) compared to
group 3 on review (39.60+20.68; p<0.001). Mean changes in
plaque coverage scores in group 1 (28.70+16.59) and group
2 (22.79+17.88) were significantly greater than in group 3
(8.3£11.39; p<0.001). No significant differences were ob-
served between groups 1 and 2.

There were no significant differences in mean plaque
coverage scores among acrylic saddles, between groups
at baseline (Table 2). Within-group comparisons found sig-
nificantly lower mean plaque coverage scores at review
compared to baseline, for all three groups (p<0.05). At re-
view, the mean percentages in group 1 (19.33+12.34) and
group 2 (17.82+10.09) were significantly lower than group
3 (38.83+£17.96; p<0.001). Mean plaque coverage change
scores were significantly higher in group 1 (34.98+24.11)
and 2 (28.40+22.58), compared to group 3 (5.21+£11.23;
p<0.001). Comparisons of mean plaque coverage scores
between CoCr and acrylic surfaces did not yield significant
differences within groups at baseline and review, or in the
change scores between groups. Bl (p=0.039) and DMFT
(p=0.049) were significantly associated with plaque cover-
age percentage on CoCr major connectors at baseline; only
interventions 1 and 2 (p<0.001) and plaque coverage per-
centage (baseline) remained significant in the final model at
review (adjusted R’=0.64). None of the investigated factors
were significantly associated with plaque coverage percent-
age on acrylic at baseline; plaque coverage percentage at 1

month was associated with interventions 1 and 2 (p<0.001),
as well as plaque percentage coverage at baseline (p=0.006;
adjusted R’=0.38).

Microbiological assessments

Median microbial viable counts (CFU/mL) on CoCr surfac-
es were significantly lower at review compared to baseline
in group 1 (p=0.009) and group 2 (p<0.001); no significant
differences were observed in group 3 (p=0.097). No signif-
icant differences were found between groups with respect
to changes in microbial viable counts from baseline to 1
month (p=0.259). No significant differences were observed
when comparing median microbial viable counts (CFU/mL)
on CoCr surfaces between groups at baseline (p=0.940) or
review (p=0.842). Group 1 demonstrated significantly lower
mean yeast viable counts (CFU/mL) at 1-month review com-
pared to baseline (p=0.004). There were no significant dif-
ferences in mean yeast viable count change scores between
groups. Acrylic saddles in group 1 (p=0.019) and group 2
(p<0.001) exhibited a significant reduction in microbial vi-
able counts (CFU/mL) at 1 month compared to baseline. No
significant difference was found in group 3 (p=0.153). There
were no significant differences between groups in median
CFU/mL at baseline (p=0.539) and after 1 month (p=0.665).
Reductions in microbial viable counts were significantly
greater in group 2 compared to group 3 (p=0.047). There
were no significant differences in microbial viable counts
on CoCr compared to acrylic surfaces, with the exception of
a higher median CFU/mL on acrylic surfaces in Group 2 at
baseline (p=0.035). No significant differences were observed
at review.

Patient compliance

Just over half (n=38) of the subjects remembered to sub-
mit their log diary, in which they had documented their
denture cleaning schedule, at the review appointment. All
submitted log diaries reflected a strict compliance to daily
denture cleaning, according to the proposed protocol. Of
those participants who forgot to return their diary, nearly
80% (n=51) reported that they had cleaned their dentures

Table 1. Comparison of DCl scores between CoCr and acrylic surfaces among and within groups [mean (SD)] .

N=64 Group 1 N=22 Group 2 N=20 Group3N=22 p-value’ Multiple comparisons
Mean (SD)
DCl (baseline) 2.59(0.91) 2.27 (0.94) 2.32(0.89) 0.462
CoCr surfaces DCl (review) 1.14 (0.56) 1.15(0.37) 2.09(0.75) P<0.001 (M=(2)<(3)
p-value? P<0.001 P<0.001 0.135
DCl change score 1.45 (0.86) 1.00 (0.86) 0.23 (0.68) P<0.001 (M=(2)>(3)
DCl (baseline) 2.77 (0.75) 2.45 (0.80) 2.32(0.95) 0.189
Acrylic DCl (review) 1.09 (0.53) 1.15 (0.59) 1.95(0.72) P<0.001 (M=(2)<(3)
surfaces p-valuet P<0.001 P<0.001 0.062
DCl change score 1.68 (0.95) 1.20(1.01) 0.36 (0.79) P<0.001 (1)=(2)>(3)

One-way analysis of variance®; Paired-Samples T test?; SD, standard deviation; CoCr, cobalt chromium; DCI, Denture Cleanliness Index; N, number of patients;
Group 1, mechanical cleaning with a toothbrush and ultrasonic cleaning with cetylpyridinium chloride; Group 2, mechanical cleaning with a toothbrush and
ultrasonic cleaning with distilled water; Group 3, mechanical cleaning with a toothbrush only.
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every day. The common reasons for poor compliance for
the rest of the subjects included travelling away from home
during the intervention period, or being too busy or indif-
ferent to do so. The majority of participants (95.24%) who
received ultrasonic cleaners reported that they were satis-
fied with them. They felt that the cleaners were quiet and
effective, and some participants commented that they “felt
good” when they saw debris being dislodged from the den-
tures during the cleaning process. Negative comments were
mainly related to the time-consuming operating procedure
of the ultrasonic units, while a few (n=3) participants in
group 1 who used the ultrasonic cleaner together with the
mouthrinse (0.07% CPC) reported the noticeable accumula-
tion of dark stains on the dentures.

Discussion

This study addressed the lack of evidence regarding the
effectiveness of denture cleaning methods on partial den-
tures, especially those with a metallic framework. The results
suggested that ultrasonic cleaning was significantly more
effective than the control (cleaning with a soft toothbrush
and liquid detergent) in the reduction of biofilm coverage
on metal framework RPDs over a 1-month intervention peri-
od. The adjunctive use of CPC with ultrasonic cleaning, how-
ever, did not yield improved outcomes compared to water.
Therefore, the null hypothesis of no differences in denture
cleanliness among the three intervention groups was par-
tially rejected.

Denture hygiene was assessed with respect to three as-
pects: DCI scores, plaque coverage percentage, and micro-
biological tests. Group 1 and group 2 showed significantly
more reduction in mean DCI and plaque coverage scores
than group 3, while no significant differences could be
shown between groups 1 and 2. This applied to both CoCr
and acrylic surfaces. These findings concur with those pre-
viously published by Cruz et al. (11), who reported that ul-
trasonic vibration could improve denture hygiene in terms
of decreasing the biofilm coverage area in acrylic complete

dentures. The adjunctive use of CPC (group 1) in our study,
however, suggests the lack of any additive effect over water
(group 2). Patient age was not a significant factor associated
with denture hygiene. Denture service life, however, was sig-
nificantly associated with DCI scores of CoCr surfaces, and
plaque coverage scores of both CoCr and acrylic. This may
be explained by a longer history of denture use and a poten-
tially higher frequency of cumulative defects on the denture
surface, which may have provided more favorable habitats
for biofilm formation.

Microbiological tests indicated that group 1 had signifi-
cant reductions in microbial viable counts (CoCr and acrylic)
and yeasts; group 2 exhibited similar results. Significantly
greater reductions in microbial viable counts were observed
for acrylic saddles in group 2 compared to the control, while
trends towards greater reductions were consistently ob-
served in groups 1 and 2 compared to the control. Thus, the
null hypothesis of no differences in microbial counts among
the three intervention groups was partially rejected. These
results could imply that the use of ultrasonic cleaners may
have additional beneficial effects against microbial levels
compared to manual brushing only. The lack of statistical
significance might be due to the limited sample size, which
was powered to detect differences in denture plaque. Previ-
ous studies conducted among patients with complete acryl-
ic dentures have reported significantly greater reductions
in total bacterial and mutans streptococci counts with com-
bined effervescent tablet and ultrasonic cleaning, relative to
ultrasonic cleaning alone, while effects on yeast counts have
been inconsistent (21-24).

Previous studies have suggested a relationship between
bacterial colonization and surface roughness: the rougher the
surface, the more retentive and less susceptible to mechan-
ical removal the biofilm attachment is (25). A well-polished
metal surface is thought to be more resistant to biofilm at-
tachment than acrylic. When a denture has been in prolonged
use, the acrylic surface exhibits various kinds of defects such
as cracks, porosities, and fractures (26). Improper denture
cleaning methods, for example using abrasive dentifrice to

Table 2. Comparison of plaque coverage scores between CoCr and acrylic surfaces among and within groups [mean (SD)].

N=64 Group1 N=22 Group2N=20 Group3 N=22 p-value* Multiple comparison
Mean (SD)
Plaque coverage score
(baseline) 4659 (2041)  4172(19.29)  47.96(23.88) 0.596
(review) 17.89(12.96) 1622 (9.22) 39.60(2068)  P<0.001
SotiEiiiaces p-valuet P<0.001 P<0.001 0.002
HEGS c°;’:(;fge change o0 0(1659) 2279 (17.88) 835 (11.39) P<0.001 (1)=(2)>3
Plaque coverage score
(baseline) 5432(2044)  49.06(20.71)  43.54(20.83) 0.232
(review) 1933(1234)  17.82(10.09)  3883(17.96)  P<0.001
Acrylic surfaces p-value’ P<0.001 P<0.001 0.041
Plaque coverage change 5, o0 04 11y 2840 (22.58) 521(11.23) P<0.001 (1)=(2)>3

score

SD, standard deviation; CoCr, cobalt chromium; N, number of patients; Group 1, mechanical cleaning with a toothbrush and ultrasonic cleaning with
cetylpyridinium chloride; Group 2, mechanical cleaning with a toothbrush and ultrasonic cleaning with distilled water; Group 3, mechanical cleaning with a

toothbrush only Paired-Samples T testt; One-way ANOVA*
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brush the fitting surface, increases the roughness of the acryl-
ic surface. Such factors contribute to and facilitate microbial
colonization and biofilm formation. In this study, however,
no significant differences were shown between the CoCr and
acrylic surfaces in terms of bacterial or yeast viable counts,
DCl scores, or plaque coverage scores at both baseline and
review; an exception was the viable bacterial count on blood
agar. Thus, the null hypothesis of no differences in outcomes
between CoCr and acrylic surfaces was partially rejected. This
may be explained by the effectiveness of the post-operative
instructions given to all patients, which included appropriate
ways of handling and cleaning dentures by soft bristle tooth-
brushes without toothpaste. In addition, the mean denture
service life was relatively short (19.05+5.63 months), and the
fitting surfaces were observed to be in good condition; thus,
this may have accounted for the lack of significant differences
compared to the CoCr surfaces.

Some limitations in the present study are acknowledged.
The first is the low rate of documented patient compliance;
slightly more than half of the patients (59%) returned com-
pleted log diaries to document their level of adherence to
the proposed daily denture hygiene regimen. Nevertheless,
all submitted log diaries reflected strict compliance; further-
more, of those participants who forgot to return their log di-
ary at the review assessment, the vast majority (nearly 80%)
reported that they had cleaned their dentures every day
using the prescribed regimen. Nevertheless, documented
compliance was not found to be a significant factor associat-
ed with denture cleanliness in the regression analyses. Thus,
the results suggest that the use of ultrasonic cleaning was
still significantly more effective than conventional cleaning,
even with the lack of strict adherence to daily use. Another
limitation was that the sample size was not large enough to
detect significant differences among specific pathogens. In
addition, some participants (n=16) were still under profes-
sional dental care in the teaching clinics. Treatments such as
scaling or OHI were prescribed during the research period,
which may have provided extra positive outcomes in terms
of oral hygiene condition.

Further investigation of adjunctive agents that can be
used with ultrasonic cleaning, and which are also compat-
ible with metal framework RPDs, are needed. Future studies
with larger sample sizes and longer follow-up times will be
required in order to determine the effectiveness of ultrason-
ic denture cleaning in reducing the prevalence and viable
counts of oral opportunistic pathogens. This is especially
pertinent in medically compromised and institutionalized
elderly, who have been shown to have poorer oral health
and denture hygiene. As such, the expansion of this denture
hygiene intervention to other vulnerable groups is of para-
mount importance, and warrants further study.

Conclusion

Within the limitations of this randomized clinical trial, ultra-
sonic cleaning was shown to be equally effective in the reduc-
tion of biofilm coverage on both CoCr and acrylic denture sur-
faces during a 1-month intervention period. The adjunctive
use of CPC did not provide additional benefits over distilled
water, with regards to the improvement of denture hygiene.

Tiirkge 6zet: Toplulukta yasayan yasllar arasinda bir ultrasonik takma dis
hijyeni miidahale programinin etkinliginin rastgellenmis incelemesi. Amag:
Bu calisma, yasl bireylerde protez temizligini iyilestirmede ultrasonik pro-
tez hijyeni miidahalelerinin etkinligini degerlendirmeyi amagladi. Gereg
ve Yontem: Son 5 yil icinde (st metal hareketli boliimlii protezleri olan 66
katihmc rastgele (¢ protez hijyeni mtidahale grubuna ayrildi: grup 1 (dis
firgas ile mekanik temizlik ve setilpiridinyum klordr ile ultrasonik temizlik),
grup 2 (dis fircastyla mekanik temizleme ve damitilmis suyla ultrasonik tem-
izleme) ve kontrol (yalnizca dis fircasiyla mekanik temizleme). Protez temi-
Zligi baslangicta ve 1. ayda asadidakiler kullanilarak degerlendirildi: i) Pro-
tez Temizlik indeksi (DCI) puanlars; ii) plak kaplama yiizdesi; ve (iii) bakteri ve
maya tespiti icin mikrobiyolojik numuneler. Gruplar arasindaki farkhliklar
sirastyla tek y6nlii varyans analizi ve Ki-kare testleri ile degerlendirildi. Bul-
gular: Ortalama DCl skorlari ve ortalama plak kaplama alani ytizdeleri,
hem kobalt krom (CoCr) hem de akrilik baglanti yiizeyleri icin grup 1 ve
grup 2'de kontrol grubuna gére anlamli derecede azaldi (p<0,001). Grup 1
ve 2 arasinda mayalarin prevalansi ve canli sayilari veya toplam mikrobiyal
canli sayilan agisindan 6nemli bir fark bulunmadi. Miidahale siiresinden
sonra CoCr ve akrilik yiizeyler arasinda incelenen klinik ve mikrobiyolojik
parametrelerde anlamli bir fark gézlenmedi. Sonug: Ultrasonik temizleyi-
ci, 1 aylik bir mtidahale stiresi boyunca metal hareketli bolimlii protezle-
rde biyofilm kaplamasinin azaltilmasinda mekanik temizlemeden énemli
Olctide daha etkiliydi. Bununla birlikte, setilpiridinyum klordirtin ultrasonik
temizleme ile birlesik kullanimi ek faydalar saglamadi. Anahtar Kelimeler:
Setilpiridinyum, Protez temizleyiciler, Plak, Randomize kontrollii ¢alisma,
Ultrasonik
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Influence of home bleaching regimen on microhardness and
flexural strength of two contemporary composite resins — an in

vitro evaluation

Purpose

This study was to compare and evaluate the effect of home bleaching on the
microhardness and flexural strength of microhybrid and nanohybrid composite
resins.

Materials and Methods

The study samples were prepared using a custom-made silicon rubber mold. For
microhardness evaluation, 40 disc-shaped specimens (4mm*2mm) were prepared
and divided into 4 groups: GROUP A (n=10): microhybrid (GC Solaire X, GC
Corporation) control group, GROUP B (n=10) nanohybrid (Tetric N Ceram, Ivoclar
Vivadent) control group, GROUP C (n=10): microhybrid bleaching group, GROUP D
(n=10) nanohybrid bleaching group. For flexural strength evaluation, 40 bar shaped
specimens (25mm*2mm*2mm) were prepared. They were divided into 4 groups,
GROUP 1 (n=10): microhybrid control group, GROUP 2 (h=10) nanohybrid control
group, GROUP 3 (n=10): microhybrid bleaching group, GROUP 4(n=10) nanohybrid
bleaching group. All the control groups were placed in artificial saliva and
bleaching groups were exposed to home bleaching agent for 14 days according
to manufacturer’s instructions. The microhardness and flexural strength were
evaluated for the respective specimens after 14 days and the data were statistically
analyzed.

Results

Home bleaching regimen decreased microhardness of both microhybrid and
nanohybrid composites whereas there was no significant effect on the flexural
strength. Nanohybrid composites showed greater microhardness values before
and after bleaching.

Conclusion

Bleachingagents, irrespective of their concentration can decrease the microhardness
of the composite resin samples, which raises a concern about replacement of these
restorations due to the effects on physical and mechanical properties.

Keywords: Composite resin, Home bleach, Nanohybrid, Microhardness, Flexural
strength

Introduction

Esthetics is “the science of beauty, that particular detail of an animate or
inanimate object, that makes it appealing to the eye” (1). Esthetic dentistry
deals with various therapeutic techniques that can enhance or restore the
shape, texture, form, color and position of the teeth (2).

Vital tooth bleaching is one of the popular treatment modalities in the
management of discolored teeth that encompasses a broad array of ma-
terials ranging from over the counter (OTC) products to sophisticated in
office bleaching systems. Home bleaching regimen is gaining more pop-
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ularity in which the patient uses custom-fitted prostheses at
home for applying a bleaching solution that is generally of
lower concentrations to whiten the vital teeth (3).

Inadvertent application of the bleaching agents during
home bleaching procedure on teeth with existing resto-
rations could not be excluded, especially if the procedure is
not performed and monitored by a dentist, thereby affect-
ing the mechanical properties and physical properties of the
filling material. This diminutes the prognosis and longevity
of restorations(4).

The aim of the present study is therefore to evaluate and
compare the effects of 10% CP (Carbamide Peroxide) on mi-
crohardness and flexural strength of microhybrid and nano-
hybrid composite resins over a period of 2 weeks. The null
hypothesis is that bleaching regimen has no effects on the
properties of composite resins.

Materials and Methods
Specimen preparation for microhardness testing

Power analysis revealed 40 samples were required to
achieve a power of 95% at a significance level of 0.05. Hence,
40 disc-shaped specimens from microhybrid (GC Solaire X,
GC Corporation, Tokyo, Japan) and nanohybrid composite
(Tetric N Ceram, Ivoclar Vivadent, Liechtenstein) resin [4x2
millimeters(mm)], were prepared using custom made sili-
cone rubber molds. The composite material was placed as a
single increment using a Teflon coated instrument (Oracraft,
Punjab, India) and covered with mylar strips on both surfac-
es. The excess material was extruded by applying pressure
on a glass plate placed over the composite material, which
was light polymerized (Guilin Woodpecker Medical Instru-
ment Co., Ltd., Guilin, China) for 40 seconds to ensure ade-
quate polymerization (Figure 1).

Samples with visual voids or cracks were excluded. Re-
maining samples were painted with nail varnish on all sur-
faces except one flat surface that was closer to the curing
light. They were placed in artificial saliva (ICPA Health Prod-
ucts Ltd, Mumbai, India) for 24 hours at 37°C and they were
divided into 4 groups with 10 samples (n=10) in each. Group
A and Group B: These control groups included disc shaped
samples of microhybrid and nanohybrid composite resin
respectively, which were immersed for 2 weeks in artificial
saliva. Group Cand Group D: These two groups included disc
shaped samples of microhybrid and nanohybrid composite
resin. They were bleached with a home bleaching agent
(10% CP, FGM Whiteness Perfect, Brazil) for 3-4 hours per day.
Specimens were then placed in artificial saliva over a period
of 2 weeks.

Microhardness evaluation

A Vickers's microhardness tester (Associated Scientific En-
gineering Works, New Delhi, India) was used for microhard-
ness testing. The specimens were placed underneath the in-
denter and a 100gm load was applied through the indenter
for a dwell time of 15 seconds (Figure 2). Three consecutive
indentation readings were recorded at 3 different points
that are 1 mm apart from the disc margins, and the mean
readings were recorded as VHN (Vickers Hardness Number).

Figure 1.(a-c): Sample preparation for microhardness evaluation.
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Figure 2. (a) Vicker's Microhardness testing, (b) Rhomboid
indentation on surface of sample to measure Vickers Hardness
Number.

Specimen preparation for flexural strength test

A custom made silicone rubber mold [2 X 2 X 25mm] was
used to prepare 40 bar-shaped specimens from microhybrid
and nanohybrid composite resins (n=20 each). The compos-
ite material was packed as a single increment using a Teflon
coated hand instrument and then covered with mylar strips
on both sides. Excess material was removed by application of
manual pressure using a glass plate, followed by curing in 4
segments of 40 seconds each (Figure 3). Acid resistant nail var-
nish was applied to all the surfaces of samples except the flat
surface closer to the curing light. Samples were then placed
in artificial saliva for 24 hours at 37°C. The samples were then
divided into 4 groups with 10 samples (h=10) in each.

Group 1 and Group 2 were designated as control groups.
Bar shaped samples of microhybrid and nanohybrid com-
posite resin were immersed for 2 weeks in artificial saliva.
Group 3 and Group 4 included bar shaped samples of mi-
crohybrid and nanohybrid composite resin. Samples were

\
-

Figure 3. (a-c): Sample preparation for flexural strength
evaluation.
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bleached with a home bleaching agent (10% CP, FGM White-
ness Perfect, Brazil) for 3-4 hours per day and they were
placed in artificial saliva over a period of 2 weeks.

Flexural strength evaluation

Universal Testing Machine (Instron 5566, Instron Inc,, MA, USA)
was used to perform the three-point bending test at force of
0.5mm (millimeter) of crosshead diameter per minute (Figure 4)
which was applied until the observation of fracture in each sam-
ple, and it was tabulated in Newtons(N). The following equation
was used to calculate FS (o) values (MPa): o = 3 FL / 2BH?, where
F - failure load (N), L - distance between two jig supports, B and
H - width and height of the study samples respectively (mm).

Statistical analysis

The recorded values were statistically analyzed using SPSS
software 22.0 (IBM SPSS Inc., Armonk, NY, USA) by descrip-

Figure 4. Three-point bend test for flexural strength evaluation.

tive analysis, Kruskall-Wallis and Mann Whitney u-tests. The
confidence interval was set to 95% and p values less than
0.05 were considered significant.

Results
Microhardness test

The test statistics signify that there is a significant differ-
ence between microhardness values of microhybrid and
nanohybrid composite resins with and without exposure to
home bleaching regimen (p<0.05) which is shown in Table 1.
Kruskal Wallis test showed a significant difference between
control and bleached microhybrid and nanohybrid compos-
ites (p<0.05). The nanohybrid composite groups showed a
higher sum of rank values (Group B=340, Group D=262) than
microhybrid composite (Group A= 150, Group C=68), which
showed that the surface microhardness value of nanohybrid
composite resins is comparatively higher.

Flexural strength test

No significant difference was observed between any of the
study groups. Kruskal Wallis test showed that home bleach-
ing had no significant effects on the flexural strength of
microhybrid (Group 1=165, Group 2=150) and nanohybrid
(Group 3=226.5, Group 4=278.5) composite resin as seen in
Table 2.

Discussion

Dental bleaching is the most conservative method of
treating tooth discolouration. It usually consists of hydrogen
peroxide (HP) as the active ingredient or its precursor, CP at
concentrations ranging from 3% to 40% of HP equivalent.
The mechanism generally proceeds via oxidation of HP into
hydroxyl radicals (HO.), perhydroxyl radicals (HOO.), per-

Table 1. Descriptive statistics of arithmetic mean values of mh and nh composite resins before and after bleaching

Percentiles
Study groups n Mean SD Min Max
25th 50th 75th
Group A Microhybrid Control group 10 4230 473 35.70 50.92 38.85 41.85 45.55
Group B Nanohybrid Control group 10 55.91 337 50.00 60.30 54.10 55.95 57.08
Group C Microhybrid Bleached group 10 34.61 5.06 24.40 42.00 31.53 37.10 38.00
Group D Nanohybrid Bleached group 10 50.88 343 45.90 56.50 47.13 51.55 52.88

*n- number of samples, *sd - standard deviation

Table 2. Descriptive statistics of Arithmetic Mean FS values of Micro-Hybrid composite resins before and after bleaching

Percentiles
Study groups n mean SD min max
25th 50th 75th
Group 1 Microhybrid control group 10 26.00 3.16 20.00 30.00 25.00 25.00 35.00
Group 2 Microhybrid Bleached Group 10 23.75 2.04 20.00  25.00 23.62 25.00 20.00
Group 3 Nanohybrid control group 10 28.00 4.83 20.00 35.00 23.75 25.00 30.00
Group 4 Nanohybrid Bleaching Group 10 26.50 2.04 20.00 30.00 22.81 25.00 25.00

*n: Number of samples, *SD: Standard Deviation




94

Kalaivani M., et al.

hydroxyl anions (HOO-), and superoxide anions (0O.) and
through homolytic cleavage of either an O-H bond or the
O-0 bond of HP results in formation of H-+ -OOH and 2OH
(hydroxyl radicals), respectively (5,6). The free radicals acts
on the double bonds of chromophore molecules in organic
pigments, thus altering its absorption spectrum resulting in
bleaching of tooth (5).

Home bleaching procedure is performed by the patients
themselves under the supervision of dentists during recall
visits. The peroxide agents that are applied on the tooth may
also contact the pre-existing restorations causing an oxida-
tion reaction on the restorative material surface. This reac-
tion leads to the chemical softening, which decreases the
clinical durability of these restorative materials (7,8).

Both the teeth and restorative materials are exposed to cy-
clic conditions of bleaching agent and saliva exposure which
was formulated to simulate treatment conditions in situ (9).
Storage of samples in artificial saliva helps by creating a sur-
face protection layer on restorative materials (10). In con-
trast, the findings of the present study showed that the us-
age of artificial saliva as a storage medium during and after
the bleaching procedure had no benefit, and there was a
statistically significant (p <0.05) reduction in microhardness
of composite resins.

Vickers microhardness testing which was performed done
in the present study is a standardized method as defined by
American society for testing and materials (10). The Micro-
hardness tester was calibrated prior to the indentation on
each pellet by providing a matrix strip finished flattened sur-
face to prevent distorted indentation (9).

The bleaching regimen (10%CP) followed in the current
study was designed according to the manufacturer’s recom-
mendations to establish clinical relevance. In several studies
of literature, the samples are exposed to bleaching products
continuously for several days. This was done to simulate cu-
mulative effects of bleaching over a certain period (1).

A significant reduction in hardness of samples after
bleaching was noted (p <0.05), when compared to the con-
trol group. Therefore, rejecting the null hypothesis is evident
based on the difference in the VHN values. This was probably
due to the softening effect of the bleaching agent on the
resinous matrix of both MH and NH resin composites which
thus decreases its surface properties (2,3,8,10-13). The ex-
tent of damage may depend on the diffusion rate, degree of
conversion and water absorption of the bleaching agent (4).
Further, free radicals produced by peroxides increase sur-
face deterioration due to microscopic cracks by its action on
unreacted double bonds of polymers and on the interface
between resin and fillers resulting in its debonding (4,12).
When the solubility parameters of bleaching products are
similar to that of the resin matrix (1.82 x 104 to 2.97 x 104
(J/m3)2)2, chemical softening of the restorative materials
might occur (2).

Several studies in the literature have shown consistent
results (5,6,8,9,11). In contrast, some authors did not report
any decrease in the microhardness of composite resin after
evaluation of the effect of at home (15% CP) and in office
(38% HP) bleaching agents (1,2,7,13-15). Cullen et al.(8) and
Friend et al.(16) reported an increase in the tensile strength
of composites. The differences in experimental methodolo-
gies, bleaching agents, frequency and restorative materials

used, could have created discrepancies in results (6). In the
comparison of the microhardness values of Group C (mi-
crohybrid) and Group D (nanohybrid) after bleaching, the
microhybrid composites showed greater decrease in mi-
crohardness values which was probably due to the higher
volume of resin matrix in microhybrid composites than in
nanohybrid composites that were affected by oxidation of
peroxides in bleaching agent (8). The flexural strength test
was another criterion that was tested in the present study.
Although several methods are widely employed, the three-
point bending test was selected as recommended by the In-
ternational Organization for Standardization (ISO) specifica-
tion no. 4049/2008 for polymer-based restoratives and due
to the coefficient of variation, lower standard deviation, and
the less complex crack distribution (16).

In the present study, the dimensions of specimens [25 x 2
x 2 mm] were in accordance with the ISO 4049/2019 specifi-
cation that aimed to provide the optimum rate of polymer-
ization(17). Present results reflected no significant reduction
in flexural strength values of microhybrid and nanohybrid
composite resins when the home bleaching regime is used.
These results might support the null hypothesis and the fill-
er volume seems to have less correlation with fracture as the
crack propagation in the specimen is intergranular (16). The
filler volume-fraction of the material does not seem to be
a decisive factor for the flexural strength of the evaluated
materials. Also, the resistance of the silane coupling agent
to the oxidative cleavage and the minimal exposure time of
samples to bleaching agents could be accounted for these
results (17). Similar results were presented by Firoozmand
etal. (18), Yu et al. (14) and Kalaivani et al. (19). An increase
in flexural strength values after bleaching was noticed in a
study by Feiz et al. (20) on hybrid composites. The reason for
increase in flexural strength remains unclear.

Conclusion

The home bleaching regimen (10% CP) had significant
effects on the composite restorative materials. This can be
clinically translated as marked weakening of composite res-
torations after bleaching procedures. Ideally, a complete re-
placement of the weakened composite restorations is war-
ranted. However, more studies are needed to support the
indication for the replacement of such restorations that are
not esthetically affected or fractured.

Tiirkce ozet: Ev tipi beyazlatma rejiminin sik kullanilan iki kompozit
regine esasli dolgu malzemesinin mikrosertligi ve egilme mukavemeti
tizerindeki etkisi - bir in vitro degerlendirme. Amag: Bu ¢alisma evde tipi
beyazlatmanin mikrohibrit ve nanohibrit kompozit recinelerin mikros-
ertligi ve egilme mukavemeti lizerindeki etkisini karsilastirmak ve deger-
lendirmekti. Gereg ve yontem: Calisma numuneleri 6zel yapim silikon
kaucuk kalip kullanilarak hazirlandi. Mikrosertlik degerlendirmesi icin
40 adet disk seklinde numune (4mm*2mm) hazirlandi ve 4 gruba ayrild:
GRUP A (n=10): mikrohibrit (GC Solaire X, GC Corporation) kontrol grubu,
GRUP B (n=10) ) nanohibrit (Tetric N Ceram, Ivoclar Vivadent) kontrol gru-
bu, GRUP C (n=10): mikrohibrit agartma grubu, GROUP D (n=10) nano-
hibrit agartma grubu. Egilme mukavemeti degerlendirmesi icin 40 adet
cubuk sekilli numune (25mm*2mm*2mm) hazirlandi. GRUP-1 (n=10):
mikrohibrit kontrol grubu, GRUP-2 (n=10) nanohibrit kontrol grubu,
GRUP-3 (n=10): mikrohibrit agartma grubu, GRUP-4(n) olmak (izere 4
gruba ayrildi. =10) nanohibrit agartma grubu. Tim kontrol gruplarina
yapay tiikiirtik yerlestirildi ve beyazlatma gruplarina 14 giin stireyle iireti-
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Comparison of the shear bond strength of new and recycled
metallic brackets using different adhesive materials.

An in vitro study

Purpose

To evaluate and compare shear bond strength (SBS) of new and recycled metallic
brackets bonded to conditioned and reconditioned enamel, using two different
adhesive materials.

Material and Method

72 extracted sound human premolars were randomly divided into 6 groups.
Transbond XT light cured composite (LCC) and Fuji Ortho LC resin-modified glass
ionomer (RMGI), were used as adhesive materials. In groups 1 and 2 (control), new
brackets were bonded to sound premolars using either LCC or RMGlI, respectively. In
Groups 3 and 4, new brackets were bonded to reconditioned enamel; and in groups
5 and 6, sandblasted recycled brackets were rebonded to reconditioned enamel.
After 5.000 thermal cycles between 5°C and 55°C, SBS was evaluated and adhesive
remnant on the enamel assessed using the ARl index. Statistical analyses included
Shapiro-Wilk, ANOVA, Fligner-Killeen ANOVA and Tukey tests.

Results

The statistical analysis showed no significant difference in SBS comparing control
and experimental groups for either new or recycled brackets (p = 0.848). The SBS
was significantly higher in brackets bonded with LCC (15.7 MPa) than RMGI (11.6
MPa) (p =0.006). Adhesive failure was the most frequent, with the adhesive remnant
covering more than 50% of the bracket base.

Conclusion

No significant differences were observed in SBS using either new or recycled
brackets, regardless of the dental surface treatment (conditioned or reconditioned).
Significantly higher SBS values were obtained with LCC adhesive. Adhesive failure
prevails in all groups.

Keywords: Shear bond strength, Metallic brackets, Adhesive materials, Recycled
brackets, Thermal cycling

Introduction

Bracket bond failure is a frequent complication during orthodontic
treatment, which can increase its duration and represents a challenge in
clinical practice (1). The most popular bracket bonding systems include
light-cured composite resins (Bis-GMA) (LCC) and the resin-modified glass
ionomer (RMGI) (2,3).

The adhesion strength resists shear forces naturally occurring during
chewing function and can be determined by the shear bond strength
(SBS), which is “the amount of force required to produce a fracture at the
interface of two materials, when parallel forces are applied in opposite
direction” and it is measured in Mega Pascals (MPa) (2,4,5,6,7). SBS values
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between 6 and 8 MPa are considered clinically acceptable
(2,5,8,9). Some studies suggest that values higher than 13-
14 MPa may increase the risk of enamel fracture (4,10,11).
On the other hand, lower adhesive forces may cause brack-
et debonding during normal functional conditions (1,4,9).
Studies have reported bracket debonding rates between
4.7% and 6% for light-curing and self-curing adhesives re-
spectively in a 6-month treatment period (12,13).

Bracket bond failure can increase both treatment time
and costs. To solve this, clinicians must replace the debond-
ed bracket. They usually choose between rebonding with a
new bracket or carry on with the same debonded bracket
after recycling (4,14). In both cases, the adhesive remnant
should be removed from the enamel surface and a new ad-
hesive protocol should be performed. This procedure would
not affect the SBS using LCC, but evidence is inconclusive
with RMGlI in this regard (15,16). Bracket recycling consists
of removing the adhesive material from the bracket base, al-
lowing rebonding in optimal conditions (17).

In in-vitro settings, thermocycling allows an approxima-
tion to oral conditions by simulating the permanence of
orthodontic adhesive in mouth for extended periods of
time (18). The results regarding SBS using new and recycled
metallic brackets are still controversial, especially if different
adhesive systems are used (14). The present study was con-
ducted in order to test the null hypothesis that there were no
statistically significant differences in SBS between new and
recycled metallic brackets bonded with light-cured compos-
ite resin (LCC) or resin-modified glass ionomer (RMGI) before
and after a thermocycling process.

Materials and Methods
Ethical statement

The present study was approved by the Scientific Ethical
Committee of Universidad de los Andes, Santiago, Chile.

Sample size estimation

The sample size calculation was carried out considering
a 3x2 factorial design and was calculated with the G*Power
3.1 program, aiming at a statistical power of 80%, and an al-
pha level of 5%. The sample size for each group was 12 teeth,
with a total of 72 teeth.

Study samples and experimental design

This in-vitro study was performed using human premolars
extracted due to orthodontic reasons. The selection criteria
for the teeth included: sound enamel without cracks or frac-
tures, hypoplastic areas, chemical pretreatments or damage
during extraction. The extracted teeth were stored in tap wa-
ter at room temperature (20°C to 25°C), which was renewed
once a week. Teeth were randomly divided into 6 groups.
Group 1 (control): New bracket bonded with light-cured
composite resin, Transbond XT (LCC) to conditioned enamel;
Group 2 (control): New bracket bonded with resin-modified
glass ionomer, Fuji Ortho LC (RMGI) to conditioned enamel;
Group 3: Rebonding with a new bracket using LCC to recon-
ditioned enamel; Group 4: Rebonding with a new bracket

using RMGI to reconditioned enamel; Group 5: Rebonding
with a recycled bracket using LCC to reconditioned enamel;
Group 6: Rebonding with a recycled bracket using RMGI to
reconditioned enamel.

Bonding protocol

Orthodontic stainless-steel brackets (Abzil Kirium, slot
0.022, MBT prescription with mesh-base size 80G, 3M, Bra-
zil) were bonded to the teeth following a standardized pro-
tocol. Each tooth was cleaned using low speed brush and
pumice stone, and then dried with oil- and moisture- free
air. Brackets were bonded by one calibrated operator (NI), in
the center of the buccal surface of each tooth following the
longitudinal axis of the crown, either with LCC or RMGI.

For groups 1, 3 and 5 brackets were bonded with Trans-
bond XT light-curing resin (3M Unitek, Monrovia, CA, USA).
The procedure included acid etching with a 37% orthophos-
phoric acid gel (3M Espe Scotchbond Universal Etchant,
Seefeld, Germany) for 30 seconds, followed by rinsing with
water spray for 30 seconds, and drying for 15 seconds with
oil-free compressed air. Adhesive primer (Transbond XT, 3M
Unitek, Monrovia, Ca, USA) was then applied with a micro-
brush and light cured, and then the brackets were bonded
with composite resin. Excess resin was removed with a Hol-
lenbeck carver (Hu-Friedy, Chicago IL, USA). Light curing was
performed with a 470 nm LED light (Bluephase Style, Ivoclar
Vivadent) at 1,700 mW/cm2 for 20 seconds.

For groups 2, 4 and 6 brackets were bonded with dual
polymerization resin-modified glass ionomer Fuji Ortho LC
(GC, Tokyo, Japan). The enamel was etched with the same
37% orthophosphoric acid (3M Espe Scotchbond Universal
Etchant, Seefeld, Germany) for 30 seconds, and rinsed with
water keeping the surface moist, according to the manu-
facturer’s recommendations. Excessive RMGI material was
removed with a Hollenbeck Carver. Light curing was per-
formed according to the manufacturer’s instructions with
the same light source as previously described for 40 sec-
onds, 10 seconds per side of the bracket.

Thermocycling

24 hours after bonding, all groups were subjected to ther-
mocycling between 5°C and 55°C for 5.000 cycles, simulat-
ing a 6 to 8 months intraoral natural aging process. The time
of permanence at each temperature level was 30 seconds
with 10 seconds of a transfer time between baths.

Bracket rebonding

After thermocycling, all brackets from the experimental
groups were debonded with bracket removal pliers (Den-
tamax, Santiago, Chile). The enamel in groups 3,4, 5 and 6
was reconditioned using a tungsten carbide bur with a low-
speed hand piece (Jota C21R Right Angle 012, US-No. 1158,
Switzerland) and followed by the same bonding protocol as
in the first bond.

For groups 3 and 4, the debonded brackets were discard-
ed and new brackets were bonded. For groups 5 and 6, the
debonded brackets were reconditioned by sandblasting
with 50 um aluminum oxide particles powder (Zeta Sand,
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Zhermack, Germany) from a distance of 10 mm, under an
air pressure of 5 bar, for 10 seconds or until no adhesive re-
mained at the base of the bracket. Finally, the brackets were
cleaned with acetone and dried with oil-free air. All the sam-
ples corresponding to the rebonding groups (3, 4, 5 and 6)
were thermocycled again.

Shear bond strength test

The teeth were mounted in self-curing acrylic blocks
(Marché®, Santiago, Chile) approximately 30 mm in diameter
and 10 mm in height. Shear force was applied parallel to the
bonding surface between the bracket base and enamel. A Bis-
co machine (Shear Bond Tester, Bisco Dental, Schaumburg, II-
linois, USA) was used to determine the shear bond strength at
a speed of 5 mm/min. Results were expressed in Mega Pascals
(MPa). The SBS test was performed within 24 hours after the
samples were removed from the thermocycling.

Bracket and enamel surface analysis

Bracket and enamel surface were examined using an op-
tical microscope with 2.5x magnification (Leica Micosys-
tems, Wetzlar, Germany) and photographed with a Canon
DSLR 700D reflex camera attached to the microscope. The
presence of enamel damage and adhesive remnant on the
bracket base were recorded. The adhesive remnant was cal-
culated as the area of the adhesive in relation to the area of
the bracket base, using a morphometric Software (AmScope
v3.7.13522, United Scope LLC, Irvine, CA, USA). (Figure 1).
The area of adhesive remnant on the bracket base was ex-
pressed as a percentage of the total surface area, in each
group, and the Adhesive Remnant Index (ARI) scale ranges
from 0 to 3 was stablished (19) (Table 1).

Statistical analysis

Shapiro-Wilk test was applied to test the data for normal-
ity. The SBS data did not show a normal distribution, there-
fore the non-parametric Fligner-Killeen ANOVA test was
used. The data on the amount of adhesive remnant was
normally distributed and the ANOVA test was applied. Tukey
post-hoc test was performed in case of finding statistically
significant differences, and the Chi-square test was applied
to the enamel damage analysis. The confidence interval was
set to 95% and p values less than 0.05. The statistical analysis
was performed using the RStudio statistical software (Rstud-
io Inc., Boston, MA, USA).

Results

There was no statistically significant difference in SBS
(p=0.848) between new brackets bonded to conditioned
enamel (13.1 MPa), new brackets rebonded to recondi-
tioned enamel (14.1 MPa) and recycled brackets rebonded
to reconditioned enamel (13.7 MPa). On the other hand, SBS
of brackets bonded with LCC (15.7 MPa) was significantly
higher than that of brackets bonded with RMGI (11.6 MPa)
(p=0.006). (Table 2, Figure 2 and 3)

Regarding to the percentage of adhesive remnant on the
bracket base, there was no statistically significant difference

between a new bracket bonded to conditioned enamel, a
new bracket bonded to reconditioned enamel and a recy-
cled bracket rebonded to reconditioned enamel (p= 0.078).
Statistically significant differences were found for the type of
adhesive. The percentage of LCC remaining on the bracket
base was significantly higher (p= 0.00014) than when RMGI
was used (Table 3).

Table 3 shows the distribution of ARI scores and the pres-
ence of enamel fractures found during the shear bond
strength test. In all groups, the most common failure was of
the adhesive type located at the cement-enamel interface.
Enamel fractures during the shear strength test were found

Figure 1. Diagram of the adhesive area in relation to the bracket
base.

Table 1. Adhesive Remnant Index score

Score Adhesive Remnant Index

0% adhesive on the enamel, 100% on the bracket.

g Adhesive failure

Less than 50% adhesive on the enamel, more than 50%
on the bracket. Adhesive failure

More than 50% adhesive on the enamel, less than 50%
on the bracket. Cohesive failure

100% adhesive on enamel, 0% on the bracket. Cohesive
failure

30 -_—

25

MPa
>
1

LCC RGMI

Adhesive

Figure 2. Boxplot of the effect of adhesives on SBS.
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in 7 samples. Two samples belonged to group 1, one sam-
ple to group 2, three samples to group 5 and one sample to
group 6 (Table 4 and Figure 4).

The Chi-square homogeneity analysis showed a homoge-
neous distribution among the combination of factors (type
of bracket and type of adhesive), with no significant differ-
ences for the enamel fracture variable (p=0.947).

30 -
PE—

25 - !

1

1

P 20 )

Q- |

=

0 -
5 -

I ) 1

10 —+ ! —_— |

New Bracket Rebonding with Rebonding with
New Bracket Sanblasted Bracket

Figure 3. Boxplot of the effect of new or recycled brackets on SBS.

Table 2. Effect of adhesives and new or recycled brackets on SBS

Discussion

Several authors have assessed the effects of using sand-
blasted recycled brackets on SBS, bonded with composite
resin cement materials (17,20,21). These studies tested SBS
including a thermocycling process, but the enamel was not
reconditioned, as the present work did, in order to better
emulate a clinical setting. Nevertheless, SBS values were
similar to ours, and the mean SBS was higher than the mini-
mum recommended for all groups.

The results of our study showed no significant difference
on SBS using new or recycled brackets. Consequently, the
null hypothesis of the study was accepted. Some authors
reported higher SBS values with recycled brackets, which
is attributed to the sandblasting process, that may increase

Figure 4. Enamel fracture after SBS test.

Mean
Group Adhesive N SD Range (MPa) p-value
(Mpa)
1 LCC (Transbond XT) 36 15,7 6,7 6,1-30,6
0,00592
2 RMGI (Fuji Ortho LC) 36 11,6 53 45-244
Mean
Group Bracket N SD Range (Mpa) p-value
(Mpa)
1 New Bracket 24 13,1 6,7 54-30,6
Rebonding with New
2 Bracket 24 14,1 6,5 4,5-26,9 0,84803
3 Rebonding with 24 13,7 6,2 45-244

Sanblasted Bracket

SD: Standard desviation p-value < 0,05

Table 3. Effect of adhesives and new or recycled brackets on the adhesive remnant in the bracket base

ARI
Group Bracket N Mean (%) SD Range (%) p-value
01 2 3
1 New 24 2 220 0 75,7 14,4 56,1-100 0,07777
2 Rebonding with New 24 1203 O 71,8 18,9 32,7-100
Bracket
3 Rebonding with 24 0 195 0 65,2 19,6 35,8-91,7
Sanblasted Bracket
ARI
Group Bracket N Mean (%) SD Range (%) p-value
01 2 3
1 LCC 36 2 32 2 0 78,6 16,3 35,2-100 0,00013
(Transbond XT)
2 RMGI 36 129 6 0 63,3 16,6 32,7-100

(Fuji Ortho LC)

SD: Standard deviation p-value < 0,05
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Table 4. Distribution of ARI scores and enamel fracture

ARI :
Group Bracket Adhesive N Mean Adheoswe SD Range (%) Enamel
0 1 3 Percent (%) Fracture
1 New LCC (Transbond 12 2 10 0 82,7 13 63,1-100 2
XT)
2 RMGI (Fuiji 12 0 12 0 68,8 12,5 56,1 -83 1
Ortho LC)
3 Rebonding LCC (Transbond 12 0 12 0 83,7 10,9 62,9-92,5 0
with New XT)
4 Bracket RMGI (Fuji 12 1 8 0 59,9 17,9 32,7-100 0
Ortho LC)
5 Rebonding LCC (Transbond 12 0 10 0 69,3 204 352-96 3
with XT)
6 sanblasted gy G| (Fuji 12 0 9 0 61,1 187 358-91,7 1
Bracket Ortho LC)

SD: Standard deviation p-value < 0,05

bracket bonding surface area (15,22,23). Conversely, sev-
eral studies have reported a reduction in SBS in recycled
brackets, but with values that are consistently higher than
the minimum recommended SBS for bracket bonding
(5,11,12,24). The variations between the studies could be
explained by differences in the recycling procedure, instru-
mentation, storage solution and thermal cycling, among
others. Despite subtle differences, the use of new or recycled
brackets yields SBS values that are appropriate in a clinical
setting (11,12,24,25).

It has been reported that enamel reconditioning could re-
duce SBS compared to when it is cemented to intact enamel
conditioned for bracket bonding, which is attributed to the
depth achieved by acid etching procedure, that does not al-
low the complete removal of the adhesive (12,24,25,26). In
our study, however, no significant differences were observed
in SBS neither at rebonding in reconditioned enamel nor us-
ing recycled or new brackets.

Our results did show significant differences in SBS be-
tween LCC and RMGI, which was lower in RMGI groups. Both
groups, however, displayed SBS mean values higher than
the acceptable limit. These results are consistent with previ-
ous studies reported in the literature (26-28). Both, LCC and
RMGI appear to have appropriate adhesive properties for
orthodontic bracket bonding, even on reconditioned enam-
el during a rebonding procedure, although RMGI could be
more prone to failure if exposed to shear forces.

ARl index is frequently used for adhesive remnant assess-
ment, but comparison between studies is difficult due to
variations in their reporting methods (12,15,21,22). In the
present study the adhesive remnant was first determined as
a percentage of the area of the bracket base covered by the
orthodontic cement after debonding. Then, the ARl index was
established based on the afore mentioned percentage (19).

Some studies have reported higher adhesive remnant
in the recycled brackets, because the sandblasted surface
could increase the surface area for bonding, and thus the
mechanical retention (9,10). It has also been suggested that
bracket recycling has no apparent effect on ARl results when
using LCC (12). In the present study no statistically signifi-

cant difference was found between new or recycled brack-
ets in reconditioned enamel on adhesive remnants. Most of
the adhesive remaining on the base of the analyzed brack-
ets covered more than 50% of the surface, suggesting that
adhesion failure was at the adhesive-enamel interface in all
groups. This can be clinically important because it would al-
low faster and easier reconditioning of the enamel surface.
On the other hand, significant differences were found be-
tween the LCC and RMGI groups on adhesive remnant of the
bracket, being higher in RMGI group.

A greater number of enamel fractures during bracket
debonding has been described when SBS reaches values ex-
ceeding 13 Mpa (15). From the 7 samples with enamel frac-
tures in the present study, 6 of them had SBS values higher
than 13 Mpa. This suggests that enamel fractures are not
exclusively related to shear strength and may be associated
with individual variations in enamel structure or even brack-
et base design (29). Comparison of these results with other
studies is especially difficult because most studies of bracket
recycling did not report data of the presence or absence of
enamel fractures (12,15,17,20-22,24,25).

During bracket bonding procedures, RMGI cements could
be a better option in cases with high risk of caries and/or
excessive salivation, because it releases fluoride and can be
used in a humid environment. These aspects should be con-
sidered and contrasted with the more accessible pricing and
the higher SBS achieved with LCC orthodontic cements (1).
Both orthodontic cement systems provide the orthodontists
with excellent bonding alternatives that can be selected ac-
cording to clinical requirements.

Although the present article presents relevant informa-
tion regarding the SBS of new and recycled metallic brack-
ets bonded with different adhesive materials after a thermo-
cycling process, this study was performed in vitro, using a
specific experimental model. The limitations of this study are
related to all the clinical variations that are relevant for the
occurrence of bracket debonding and cannot be assessed
in vitro. These clinical variations include masticatory force,
interindividual behavioral, functional, anatomical, and intra-
oral factors, as well as variations in enamel thickness among
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individuals. All these factors can clinically define the ten-
dency of a bracket to debond and could not be evaluated
in our in vitro study. Nevertheless, the results presented in
this study may be relevant for the design of in vivo clinical
studies on this topic in the future.

Conclusion

No significant differences were found for SBS between
new or recycled brackets bonded in conditioned or recon-
ditioned enamel. SBS provided by LCC (Transbond XT) was
significantly higher than that achieved using RMGI (Fuji
Ortho LC). Neither enamel reconditioning nor bracket re-
cycling presented a negative impact on SBS. On the other
hand, the adhesive failure prevailed at the cement-enamel
interface in LCC and RMGI groups, with the remaining adhe-
sive material covering more than 50% of the bracket surface.
The presence of enamel fractures following SBS test was not
associated with any adhesive system.

Tiirk¢e ozet: Farkli adeziv malzemeler kullanilarak yapistirilan yeni
ve geri dontistiirilmiis metalik braketlerin kesme bag dayaniminin
karsilastinlmasi. Bir in vitro ¢alisma. Amag: Bu ¢alismanin amaci
yeniden islem gérmiis ve gérmemis mineye iki farkl adeziv malzeme
kullanilarak yapistirilan yeni ve geri dénlistiiriilmiis metalik braketlerin
kesme baglanma mukavemetini (SBS) dederlendirmek ve karsilastir-
maktir. Gereg ve Yontem: 72 adet ¢ekilmis saglam insan kiiclik azi disi
rastgele 6 gruba aynildi. Adeziv materyal olarak Transbond XT isikla
sertlesen kompozit (LCC) ve Fuji Ortho LC recine ile modifiye edilmis cam
iyonomer (RMGI) kullanildi. Grup 1 ve 2'de (kontrol), sirasiyla LCC veya
RMGI kullanilarak saglam kii¢lik azi dislerine yeni braketler yapistirildi.
Grup 3 ve 4'te, yeniden islem gérmtis mineye yeni braketler yapistirildi;
ve 5. ve 6. gruplarda, kumlanms geri déndistiirtilmlis braketler, islem
gdrmiis mineye yeniden yapistirildi. 5°C ile 55°C arasinda 5.000 termal
dbéngliden sonra, SBS degerlendirildi ve mine lizerindeki adeziv kalinti
ARl indeksi kullanilarak degerlendirildi. Istatistiksel analizler Shap-
iro-Wilk, ANOVA, Fligner-Killeen ANOVA ve Tukey testlerini icermektedir.
Bulgular: istatistiksel analiz, yeni veya geri doniistiiriilmiis braketler
icin kontrol ve deney gruplarini karsilastiran SBS>de anlamli bir fark
gOstermedi (p = 0.848). SBS, LCC (15,7 MPa) ile baglanmis braketlerde
RMGhden (11,6 MPa) 6nemli dl¢lide daha ytiksekti (p = 0,006). Yapistirici
ayrilmasi, en sik braket tabaninin %50den fazlasini kaplayan yapiskan
kalintisi ile birlikte gbzlendi. Sonug: Mine yiizeyinin gérdiigi islemden
bagimsiz olarak, yeni veya geri dontistiiriilmiis braketler kullanilarak
SBSde 6nemli bir fark gézlenmedi. LCC adeziv ile 6nemli 6l¢tide daha
yliksek SBS degerleri elde edildi. Adeziv kopma tipi tiim gruplarda
hakimdi. Anahtar Kelimeler: Kesme baglanma dayanimi, metalik bra-
ketler, adeziv malzemeler, geri déniisiimlii braketler, termal déngdi
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Does hot coffee or cold coffee cause more discoloration on

resin based composite materials?

Purpose
This study aimed to examine the effect of beverages at different temperatures on
the coloring of composites.

Materials and Methods

A total of 48 cylindrical samples, 24 of which were prepared from 2 composite
materials (G'aenial; Estelite ¥ Quick), were included in the study. The sample
dimensions were standardized at 2 KX 10 mm?. After the polishing, the initial color
measurements were performed using a spectrophotometer. The samples were
divided into 3 subgroups as distilled water, hot coffee (60 °C) and cold coffee (0 °C)
(n=8). During the 7th and 30th days, the samples were immersed in the solutions
for 15 min every day. Color measurements were repeated on the 7% and 30™ days.
Data were analyzed using a two-way analysis of variance, followed by the Tukey
post-hoc test (p<0.05).

Results

The highest color change was detected on the 7 and 30" days in the G-aenial
anterior microhybrid composite immersed in hot coffee (p<0.001). The application
of hot and cold coffee applications did not make a statistically significant difference
in the coloration of the Estelite ¥ Quick composite samples at the end of the 7t
(p=0.346) and 30th (p=910) days.

Conclusion
Hot drinks had a more coloring effect on restorations. This coloration was quite
evident in the microhybrid composite.

Keywords: Coffee, cold coffee, discoloration, hot coffee, spectrophotometer

Introduction

Dental composite materials, which are frequently used in the clinic, are
highly developed in terms of mechanical, physical, and esthetic proper-
ties. In addition to physical and mechanical properties, it is desirable for
composites to maintain optical color stability as a result of long-term wa-
ter absorption, which is one of the critical factors for clinical success (1,
2). Composite resins can be classified according to their properties such
as size, content, filler type, and physical and mechanical properties of the
material (3). Most microfilled composites contain particles ranging in size
from 0.4 to 0.2 um, while nanofilled composites contain filler particles
smaller than 0.1 um (4).

The discoloration that develops over time in composite restorations is
the most important factor for the renewal of these restorations. A discol-
oration caused by extrinsic reasons can be removed by polishing, while
intrinsic discolorations that reach the depths of the restoration may cause
the renewal of the restoration (5). The intrinsic factors may result from the
surface properties of the material, water absorption, diet consumption,
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and oral hygiene. However, these factors are affected by the
polymerization time, polymer composition of the matrix,
and fillers (6, 7).

Beverages with high coloring pigment contents such as
tea and coffee, which are frequently consumed foods, are
an important factor in the coloring of composite materials
(8). Coffee consumption is seen as an indispensable habit for
most individuals. Around two billion cups of coffee are con-
sumed every day around the world (9). Although coffee is
traditionally a hot beverage, the popularity and place of cold
coffee in the global market have increased considerably with
the increasing popularity of coffee varieties and coffee cul-
ture (10). Although the color changes in the materials can be
perceived visually, using various color measurement devices
is recommended for an objective evaluation. During the cal-
culation of color changes in composites, the formula in the
formula CIEDE2000 (AE0O0) was used over the parameters L*,
a*, and b* (11). In the coloring of materials, studies and data
examining the effect of the temperature of the solution in
contact with the material on the coloration are few (12, 13).

This in vitro study investigated the degree of the color
change of two different composite resins as a result of keep-
ing them in hot (60°C) and cold coffee (0°C) (initially, on the
7t day, and on the 30" day). The first null hypothesis of our
study is that the application of hot and cold coffee will cause
similar color changes in the microhybrid composite on the
7t and 30" days. The second null hypothesis is that the ap-
plication of hot and cold coffee will cause a similar color
change in the nanofilled composite on the 7" and 30" days.

Materials and Methods
Sample preparation

A total of 48 cylindrical composite specimens of 2 x 10
mm? were prepared, 24 each from two different light-cured
composite resin materials (G-aenial, GC Dental Products, To-
kyo, Japan; Estelite X Quick, Tokuyama Dental, Tokyo, Japan).
The type, color, content, and manufacturer’s information of
the composites are given in Table 1.

While the samples were polymerized, a 1-mm glass cov-
erslip was placed over the mylar strip after the composite
resin material was placed into in the Teflon mold with a
metal hand instrument. Samples were polymerized for 20
s with a 1000 mW/cm? light emitting diode source (DTE

LUX E, Stuttgart, Germany) with the tip of the light device
in contact with the glass coverslip. The light output power
of the LED light device was checked at regular intervals (in
each group) on the control unit (PRIMA DB685-SUPER-DUAL,
COXO, China). Sample preparation and color measurements
were performed by the same experienced operator (BE). Af-
ter the samples were prepared, they were polished with 3M
Soflex (3M ESPE, MN, USA) discs at 10,000 rpm, under water
cooling, from coarse to fine grains for 20 s. Afterward, the
samples were cleaned by washing them with a compressed
air-water spray. The composite samples were then placed in
an incubator (FN 500, Nive, Turkey) for 24 h in distilled water
at37°C.

Colorimetric measurements

Initial color measurements of the samples were made
with the help of a spectrophotometer device (VITA Easys-
hade V 4.0; VITA Zahnfabrik, Bad Séckingen, Germany) in a
specially prepared color measurement cabinet to ensure
standardization. The light power in the color-measuring
cabinet was set to 6500K according to CIE standards (Master
TL-D 90 Graphica 18W/965, Philips, Poland). The interior of
the cabin was covered with a gray floor, and the measure-
ments were made on a white background. The colorimeter
was calibrated before each measurement. Three measure-
ments were made for each sample, and the mean values of
the L*, a* and b* data were calculated. L¥, a*, and b* col-
or differences on the initial day, 7" day, and 30" days were
calculated as three-dimensional (AE) in the color space,
with the formula CIEDE2000 (14) where L* is the lightness;
a* is the red (+)/green (-) color coordinate; b* is the yellow
(+)/blue (-) color coordinate.

o (AL')Z (AC')Z (AH’)Z - (AC')(AH’)
©= Nest) "Wese) T ksl P \kese) \ksa

For this study, K|, K, and K were set to 1.0. The clinically
accepted 50%:50% color change threshold was determined
at AEyy = 1.8 (15). After the initial color measurement, 48
disk-shaped samples, 24 from each of the two composite
materials, were randomly divided into three subgroups ac-
cording to the type of solution (n = 8). Hot coffee (60°C) and
cold coffee (0°C) solutions were prepared as standard in the

Table 1. Composition of materials used in the study UDMA; urethane dimethacrylate, Bis-GMA; bisphenol A-glycidyl methacrylate, TEGDMA;

tetraethylene glycol dimethyl ether.

Filler Particle Lot
Composite Brand Material type Filler Matrix content .
Size number
(wt %)
Pre-polymerized (silica,
Gaenl  SCDentl Slics fumeasiics, | UOMA
. Product, Microhybrid ! o dimethacrylate 76 0,1-17 um  210323C
anterior (A2) Tokvo, Japan fluoroaluminosilicate, co-monomers
Yo, Jap UDMA, dimethacrylate co-
monomers
Estelite X Tokuyama Silica-zirconia supra-nano- Bis-GMA
Quick (A2) Dental, Tokyo, - Nanofilled monodispersing spherical TEGDMA, UDMA 8 0.1-03um  208E5T

Japan)
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same coffee machine (Franke A800, Switzerland), with 44 mL
(14 g) of coffee (Starbucks Espresso Roast, Fairtrade, USA)
mixed with 311 mL of water. Before the composite samples
were immersed in coffee solutions, their temperature was
measured with the help of a digital thermometer (BENETECH
GM1311, Shenzhen Jumaoyuan Science and Technology Co.,
Ltd., Shenzen, China) and the experimental procedure start-
ed when they reached the determined average consump-
tion temperatures (0°C and 60°C). The average consumption
time of one cup of coffee was 15 min (16). The samples were
kept in hot coffee at 60°C, cold coffee at 0°C, and distilled
water at room temperature for 15 min every day during the
same time interval. After each holding, the samples were
washed with distilled water and placed in fresh distilled wa-
ter at room temperature for 24 h. At the end of the 7" and
the 30" days, the initial color measurement procedure was
repeated. AE values below 1.8 were considered clinically
undetectable during evaluations (AEyq < 1.8) (15). The color
change values of the composite samples on the 7t and 30*"
days were calculated with the CIEDE2000 formula.

Statistical analysis

Kolmogorov-Smirnov test was used to determine whether
the data had a normal distribution. A two-way analysis of vari-
ance (ANOVA) was used to examine the color change of the
different materials tested. Tukey post hoc test was used for pair-
wise comparisons. The significance level was set to p < 0.05.

Results

When the results were evaluated, the most statistically sig-
nificant color change on the 7" and 30" days was detected
in the G-aenial anterior microhybrid composite soaked in
hot coffee (p < 0.01) (Table 2). Hot and cold coffee applica-
tions did not make a statistically significant difference in the
coloration of the nano-filled Estelite X Quick composite sam-
ples at the end of the 7" (p = 0.346) and 30™ (p = 0.910) days
(Table 2).

At the end of the 7" and 30" days, the samples kept in dis-
tilled water were significantly less colored than the samples
kept in hot and cold coffee (p < 0.01). At the end of the 30"
days, the coloration of the samples kept in distilled water,
hot coffee, and cold coffee was significantly higher than the
coloration at the end of the 7" day (p < 0.01).

At the end of the 7" day, G-aenial anterior composite spec-
imens showed a color change below the detectable thresh-
old in cold coffee (AEyq = 1.34), while they showed a color
change above the detectable threshold value in hot coffee
(AEgy = 2.64) (Table 2). Estelite >~ Quick composite samples

showed a color change below the detectable threshold
(AEgq < 1.8) at the end of the 7™ day after being kept in both
hot (AEyg = 1.37) and cold coffee (AEyq = 0.95). G-aenial an-
terior and Estelite ~ Quick composite specimens showed a
color change above the acceptable threshold value (AEq >
1.8) after the application of hot and cold coffee at the end of
the 30" day (Table 2). At the end of the 30" day, G-aenial an-
terior samples (AEyy=4.37) immersed in hot coffee were sig-
nificantly more colored than Estelite ¥ Quick samples (AEqq
=2.04) (p < 0.01) (Table 2).

Despite no significant difference in the coloration of the
composites kept in cold coffee at the end of the 30™ day, G-ae-
nial anterior samples (AEyq = 2.48) showed more coloration
than Estelite X Quick samples (AEy = 2.3) (Table 2). Although
color changes were observed in the distilled water samples at
the end of the 7" and 30" days, the color changes were within
the acceptable threshold (AEyq < 1.8) (Table 2).

Discussion

The microhybrid composite was significantly more col-
ored in hot coffee than in cold coffee at the end of the 7
and 30% days. Therefore, the first null hypothesis of our study
was rejected. The nanofilled composite showed similar dis-
coloration in hot and cold coffee at the end of the 7" and
30™ days, therefore the second null hypothesis of our study
was accepted.

Although dental composites are the most commonly used
restorative materials in the clinic, the discoloration of these
materials is still a major problem for patients and physicians.
Advanced discoloration in composites is seen as a sign that
the restoration needs to be renewed (17). Although inter-
mittent polishing is recommended to remove intrinsic col-
orations, the main purpose is to make the composites less
colored and to preserve their esthetic properties for a long
time despite the consumption of coloring foods with high
pigment content (18, 19).

Studies, examining the color change of composite restor-
ative materials by keeping them in different beverages for
different periods, are available in the literature (20-23). How-
ever, studies on the coloring of composite materials until
today have focused on the coloration that occurs as a result
of keeping colorants such as coffee, tea, wine, etc. at room
temperature at usually 37°C. However, the daily consumption
temperatures of these beverages are generally very different
from the room temperature (37°C) and vary according to the
type of beverage and the consumption. Hot beverages such
as tea, hot chocolate, and coffee are often served at tempera-
tures between 71.1°C and 85°C. However, consumers often
consume their hot beverages at 60°C, which is lower than the

Table 2. Coloration values of the composites on the 7% and 30" days. (Lower case letters a—c show statistically significant differences between

rows. Upper case letters A and B show statistically significant differences between columns (p < 0.05).

Estelite X~ Quick G-aenial anterior

Estelite X Quick G-aenial anterior

7th day 7th day P 30th day 30th day P
Distilled Water 0.59a,A £0.1 0.49a,A£0.2 0.997 1.08a,A+0.2 0.89a,A £ 0.4 0.977
Hot Coffee 1.37b,A+ 0.6 2.64c¢B£0.5 0.000 2.04b,A£0.2 437bB+0.7 0.000
Cold Coffee 0.95ab,A 0.2 1.34bA+ 0.4 0.450 23b,A+0.6 2.48c,A+0.6 0.984
p 0.000 0.000 0.000 0.000
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recommended serving temperature (24). Therefore, in this
study, the immersion temperature of the samples in the hot
coffee solution was determined as 60°C (24). Since the aver-
age consumption temperature of cold drinks was 0°C, this
was determined as the holding temperature of the samples in
cold coffee (25). Since the average consumption time of one
glass of beverage is 15 min, the waiting time in the coloring
solution was determined as 15 min per day. Thus, in the pres-
ent study, the 15 min consumption time of real coffee and the
temperature change at room temperature during the con-
sumption period were also simulated, instead of keeping it at
the same and constant temperature (16).

Estelite ¥ Quick composite chosen for this study had
nanosized fillers, while the G-aenial anterior composite
consisted of microhybrid fillers. Thanks to the smaller size
and better distribution of particles in the resin matrix of
composite restorations, smoother surfaces were obtained
(25). Studies have shown that the smaller size of nanofilled
composite resin particles results in less staining (5, 26). In
this study, G-aenial anterior composite samples with larg-
er particle sizes were more colored than Estelite ¥ Quick
composite samples with smaller particle sizes during all
time periods. However, contrary to these results, other re-
searchers have also reported that increasing particle size
causes less coloration in composites (5, 27). Another study
showed that smooth surfaces were not always the most
resistant to discoloring and that the staining ability was af-
fected by the monomer and filler particles from which the
composite was formed (28). In the study of Nasim et al. (5)
which investigated the discoloration of different compos-
ite materials, the most discoloration was observed in nano-
filled composite resin (Filtek Z350), followed by microfilled
composite resin (Heliomolar), while the least discoloration
was observed in Spectrum TPH, which is microhybrid com-
posite resin (5). Similarly in the study of Villata et al. (29);
nanofilled Filtek Supreme showed more discoloration than
microfilled Esthet X composite.

According to the results of a study evaluating the effect
of different temperatures (4°C, 37°C, and 60°C) on the color
stability of 5 different composite resins (Aelite LS Posterior,
Point 4, Tetric EvoCeram, Vit-l-escence, Filtek Z350), different
temperatures did not make a significant difference on the
discoloration of these composites (12). In an another study
on the discoloration of microhybrid composite (Filtek Z250)
at different temperatures; coffee at 70°C showed significant-
ly more discoloration than coffee at 37°C. It has been report-
ed that high temperatures can weaken the floating prop-
erties of composite materials, reduce their microhardness
and lead to more discoloration (13). In our study, G-aenial
anterior composite samples kept in hot coffee on the 7t and
30t days were significantly more colored than those kept in
cold coffee. Similar to the study of Tuncer et al. (13), in our
study, coffee at 70°C may have reduced the surface hard-
ness of the microhybrid composite and may have caused
more staining. Estelite ¥ Quick samples were more colored
when kept in hot solutions at the end of the 7" day, simi-
lar to G-aenial samples; however, this discoloration was not
statistically significant for the Estelite ¥ Quick samples (7
day). The reason for the not significant difference could be
the more resistance of Estelite ¥ Quick to discoloration due
to its nanofilled structure and small particle size.

The present study had some limitations. Oral foods are di-
luted with saliva under normal conditions, but this diluting
effect could not be simulated in this study. In addition, as
mentioned previously, further studies are needed to exam-
ine the effect of longer retention times and temperature on
surface properties. Two composite types were investigated in
this study. Further studies should be carried out by increasing
the variety of materials. Despite all the limitations, it can be
mentioned that this study was one of the limited numbers of
studies examining the effect of storage conditions at different
temperatures on the discoloration of composite resins.

Conclusion

Microhybrid composite resin was more colored than nano-
filled composite resin. No significant differences were found
in the discoloration of nanofilled composite samples keptin
hot coffee and cold coffee for both the 7t and 30™ days. Mi-
crohybrid composite samples kept in hot coffee were more
colored than microhybrid composite samples kept in cold
coffee for both the 7t and 30" days. If many composite resin
restorations will be done for a person who likes to consume
hot drinks, it is better to use nanofilled composite materials.

Tiirkge 6zet: Sicak kahve miyoksa soguk kahve mirezin esasl kompozit
materyallerde daha fazla renklenmeye neden olur? Amag: Bu in-vitro
calismanin amaci, farkli sicaklik derecelerindeki iceceklerin kompozit
restorasyonlarin renklenmesine olan etkisini incelemektir. Gereg ve yon-
tem: 2 kompozit materyalden (G'aenial, GC; Estelite > Quick, Tokuyama)
24‘er adet olmak lizere toplamda 48 adet silindirik 6rnek hazirland..
Ornek biiyiikliikleri teflon kalip yardimiyla 2x10 mm? biiyiikliigiinde
olacak sekilde standardize edildi. Orneklerin polisaj islemi sonrasi
baslangic renk élciimleri spektrofotometre ile yapildi. Ornekler bekletil-
dikleri soliisyonlara gére; distile su, sicak kahve (60 C°) ve soguk kahve
(0 Co) olarak 3 alt gruba béliind(i (n=8). 7 ve 30 glinliik boyunca drnekler
her giin 15 dk boyunca soliisyonlara daldirildi. 7. ve 30. giinde spek-
trofotometre ile renk dlciimleri tekrarland.. Veriler, iki yonlii ANOVA
ve ardindan Tukey post-hoc testi kullanilarak analiz edildi (p <0.05).
Bulgular: Deneyin 30.glintindeki materyaller tizerindeki renk degisim
miktari, 7.gtindeki renk degisim miktarindan anlamli derecede fazlaydi
(p>0.05). 7. ve 30. glinde istatistiksel olarak en fazla renk degisimi, sicak
kahvede bekletilen G-aenial anterior micro-hibrit kompozitte tespit edil-
di (p<0.05). Estelite > Quick nano dolduruculu kompozit lizerinde sicak
ve soguk kahve uygulamasi istatiksel olarak anlamli farkhilik olusturma-
di. Sonug: Sicak icecekler, soguk iceceklere gore restorasyonlar lizerinde
daha fazla boyayici etkiye sahiptir. Mikrohibrit yapidaki kompozitte bu
renklenmenin oldukga belirgin oldugu gdzlenmistir. Anahtar Kelimeler:
Sicak Kahve, Soguk Kahve, Spektrofotometre, Kahve, Renklenme.
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Evaluation of the effects of thermal changes on the bond
strength between zirconia framework and veneering ceramic

during the firing process

Purpose

The aim of this in-vitro study was to evaluate the effect of thermal changes to
shear bond strength during the firing process of veneering porcelain on a zirconia
framework.

Materials and Methods

Single yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) framework ceramic
(Kavo Dental GmbH) and three different types of veneering ceramics (IPS e.max
Ceram, Vita VM9, and GC Initial Zr-FS) were used. One-hundred-twenty standard
disc-shaped samples were prepared from zirconia blocks by using a CAD/CAM
system (Kavo Everest). Four different cooling processes (maximum, 25°C/min,
50°C/min and 75°C/min) were applied to the veneering ceramics and the shear
bond strength (SBS) test was performed. Ceramic surfaces were investigated by
using scanning electron microscopeic (SEM). The possible occurrence of a t-m
transformation of zirconia was evaluated by X-Ray Diffraction (XRD). Two-way
analysis of variance, Bonferroni correction and paired comparisons were used for
statistical analysis.

Results

The main effects of veneering ceramics on shear bond strength were found to be
significant (p=0.042). The mean shear bond strength values differ according to the
cooling process (p<0.001). The monoclinic phase ratio increased in groups with fast
cooling process.

Conclusion

The thermal changes during the firing process of veneering porcelain on a zirconia
framework influenced the shear bond strength of the all-ceramic bilayered system.
A slow cooling process provided higher strength for bilayer ceramic samples.

Keywords: Zirconia, Veneering ceramic, CAD/CAM, Bond strength, Cooling process

Introduction

The increase in the aesthetic expectations and technological de-
velopments have created an area of use for different tooth-colored,
biocompatible, high-strength restorative systems as an alternative to
metal-supported ceramic restorations that have been used for a long
time (1, 2). However, their fragility and low resistance to stress lim-
it the clinical applications of these materials. The use of all-ceramic
systems was mostly limited to the the anterior region but thanks to
the advanced dental ceramics, their use in posterior teeth has also in-
creased. Zirconia, which exhibits high mechanical performance, dura-
bility, stress resistance, chemical and dimensional stability compared
to other all-ceramic systems, has increased the reliability of all-ceramic
systems (3-5).
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In order to obtain a natural appearance, the feldspathic por-
celain or various veneering ceramics specially developed for zir-
conia are applied over the opaque zirconia framework (6). The
thermal processes applied during the production and veneer-
ing ceramic application affect the mechanical properties of the
restoration. In addition, the weakness of veneering ceramics
can negatively affect the clinical success of the restoration and
may result in clinical failure in the form of fracture (chipping)
formation in the veneering ceramics (7). This failure could be
related to the difference in the thermal expansion coefficient
between framework and veneering ceramics, thickness of the
veneering ceramic, elasticity modulus, defective areas that may
occur in the porcelain, improper firing process and the thermal
changes in the cooling process after firing (8,9).

Residual stresses occur on the surface as a result of the
cooling process after firing of the veneering ceramics (10).
The authors argued that residual stresses could be changed
using different heat treatments and these changes occur as
a result of the viscoelastic behavior of the glass as a result
of various cooling processes. No clear explanation has been
provided so far for bonding problems in zirconia-based ce-
ramics that result in chipping which is most likely caused
by the cooling process (8,11). The aim of this in-vitro study
was to evaluate the effects of thermal changes on the bond
strength between the zirconia framework and the veneering
ceramic during the firing process. The null hypothesis tested
in the present study is that the thermal changes during the
firing process does not affect the bond strength.

Materials and Methods
Sample size estimation
Using the 95% confidence (1-a), 80% test power (1-f3), Partial

eta squared=0.079308 and f=0.293 input, the minimum num-
ber of samples to be included was determined as 115 (12).

Table 1. Cooling process and groups of the veneering ceramics

Kavo Everest ZS

IPS e.max Ceram n=120 GClnitial Zr-FS
n=40 n=40
Vita VM9 n=40
Max n=10 Max n=10 Max n=10
(IPS-Max) (Vita-Max) (GC-Max)
75°C/min n=10 75°C/min n=10 75°C/min n=10
(IPS-75) (Vita-75) (GC-75)
50°C/min n=10 50°C/min n=10 50°C/min n=10
(IPS-50) (Vita-50) (GC-50)
25°C/min n=10 25°C/min n=10 25°C/min n=10
(IPS-25) (Vita-25) (GC-25)

Preparation of bilayered zirconia-veneering ceramic samples

The present study was performed using single yttria-sta-
bilized tetragonal zirconia polycrystal (Y-TZP) framework
ceramic (Kavo Dental GmbH, Biberach, Germany) and three
different types of veneering ceramics (IPS e.max Ceram, lvo-
clarVivadent, Schaan, Liechtenstein; Vita VM9, Vita Zahnfab-
rik, Germany; and GC Initial Zr-FS, GC Europe N.V,, Interleu-
venlaan, Leuven, Belgium) recommended for veneering the
zirconia framework (Table 1, Table 2, Table 3).

One-hundred-twenty standard disc-shaped samples
(height of 3mm and diameter of 10 mm) were prepared
from zirconia blocks by using a CAD/CAM system (Kavo
Everest). All samples were airborne particle abraded
with 50 mm Al,03 at 2.5 bars of pressure (15 s) at a max-
imum distance of 10 mm and ultrasonically cleaned in
distilled water for 3 minutes followed by steam cleaning
for 15 seconds before application of veneering ceramic.
The samples were divided into three groups of 40 sam-
ples each and each group was layered with a different
veneering ceramic (IPS e.max Ceram, Vita VM9, or GC
Initial Zr-FS) The groups were further divided into four
subgroups of 10 samples in order to apply four different
cooling processes.

Three different veneering ceramics were applied to the
groups according to manufacturers’ instructions by using
a layering technique. A specially designed stainless-steel
mold was used to standardize the veneering ceramic size for
all samples. A zirconia disc-shaped specimen was placed in
this mold, with a space of 10 mm in diameter and 3 mm in
height above the zirconia material to condense the veneer-
ing ceramic.

Table 3. Technical data on the Kavo Everest ZS

Kavo Everest ZS

ZrO, 99,60%
Y,0; 5,00%
Al,03 0,25%
Other metal oxides <%0,15
Average grain size 0,52 £0,05 pm
Coefficient of Thermal Expansion (CTE) 10,0 x 10-6 K’
Thermal Conductivity 2,5W/mK
Chemical Solubility 10 pg/cm?
Flexural Strength 1200 MPa
Elasticity Modulus 210 GPa
Fracture Toughness 8 MN/m'?

Table 2. Technical data on the veneering ceramics

Veneering Ceramic Coefficien't of Thermal Glass Transition Chem'iefal Flexural First .D'entine
Expansion (CTE) Temperature Solubility Strength Firing

IPS e.max Ceram 9,5+0,2510°K" 490+10°C 15+5 pg/cm? 90+10 MPa 750°C

Vita VM9 8,8-9,2 x 10°K" 600°C 10 pg/cm? 100 MPa 910°C

GC Initial Zr-FS 9,4x10°K" 550 °C 12 pg/cm? 90 MPa 810°C
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Firing process

The Austromat D4 (Dekema Dental, Freilassing, Germany)
porcelain furnace was used for the slow cooling process be-
cause of the accuracy of control of this furnace in bringing
the samples temperature down through the glass transfor-
mation temperature range. The firing table mechanism al-
lows the table to exit the furnace in a vertical downwards
direction. After the first dentin firing schedule, four different
cooling rates; maximum, 25°C/minute, 50°C/minute and
75°C/minute through the glass transformation temperature
range of veneering ceramics were used. Maximum cooling
consists of immediately bringing the samples temperature
down in the furnace after the end of the firing schedule.
Then all samples were exposed to ambient air (~23°C).

Shear Bond Strength Test

Shear bond strengths (SBS) were determined according to
ISO TR 11405, using a universal testing machine (Shimadzu
AG-IS, Shimadzu, Kyoto, Japan) at a crosshead speed of 0.5
mm/min. The obtained load values were converted into the
megapascals (MPa) by dividing the failure load (N) by the
bonding area (mm?2).

Microstructural analysis

Microstructural characterization was conducted using
scanning electron microscopy (SEM) and X-ray diffraction
(XRD) analysis. Cross-sections of the samples were evaluated
using SEM (JSM-7000F, Jeol, Tokyo, Japan) at X500 magnifi-
cation to observe their crack pattern and grain size.

Representative samples that showed, possible occurrence
of a t—-m transformation of zirconia during the firing process
of the veneering ceramic were detected by using x-ray dif-
fraction (XRD). XRD patterns were collected using a diffrac-
tometer (X'Pert Pro, PANalytical, The Netherlands) within
the 26 range of 25-65, covering the positions of the highest
peaks of tetragonal and monoclinic phases of ZrO,. CuKa ra-
diation was generated at 40 kV and 45 mA. Mass fraction of
monoclinic phase (Xm) was calculated using the methods of
Garvie-Nicholson (13) and Toraya et al (14).

Statistical analysis

Data were analyzed with IBM SPSS V23 (IBM SPSS, Armonk,
NY, USA). Two-way analysis of variance was used to compare
mean values according to veneering ceramics and cooling
process. For the comparison of the main effects, the Bon-
ferroni correction and paired comparisons were employed.
Analysis results are presented as mean and standard devia-
tion. The significance level was set to p <0.05.

Results
Shear bond strength

The main effects of veneering ceramics on shear bond
strength were found to be significant (p = 0.042). Average

shear bond strength value was 25.14 + 7.55 MPa (Min 13.49
MPa - Max 44.01 MPa) in the Vita VM9 group, 24.14 + 7.78

MPa (Min 10.58 MPa - Max 49,44 MPa) in the IPS e.max Ce-
ram group and 21.12 £ 7.86 MPa (Min 10.95 MPa - Max 36.40
MPa) in the GC Initial ZR-FS group. Mean shear strength val-
ues differ according to the cooling process (p <0.001). While
the mean shear bond strength value was 19.68 + 6.08 MPa
(Min 10.58 MPa - Max 29.83 MPa) in Max-groups, it was ob-
tained as 22.27 + 5.74 MPa (Min 11,34 MPa - Max 31,96 MPa)
in“75” groups, 23,88 + 7,75 MPa (Min 11,34 MPa - Max 39,09
MPa) in “50” groups and 28,04 + 9,22 MPa (Min 14,14 MPa -
Max 49,44 MPa) in“25" groups. The average value obtained
in the “25” groups is higher than “Max” and “75" groups. The
value obtained in “50” groups does not differ from other
groups (Table 4 and 5) (Figure 1).

Veneering ceramic and cooling process interaction did not
have a significant effect on the average value (p = 0.938).The
measurements obtained at different cooling process in Vita
VM9 did not differ from the measurements in IPS e.max Ce-
ram and GC Initial ZR-FS. The main effect of the cooling pro-
cess on shear bonding strength was higher than the main ef-
fect on the veneering ceramic. While the partial eta squared
value obtained for the cooling process was 0.160, the value
obtained for veneering ceramics was 0.057 (Table 5).

Microstructural analysis

The monoclinic phase ratio increased in groups in which
the fast-cooling process was applied (Figure 2). Therefore, an
increase in monoclinic volume was accompanied with a de-
crease in mechanical properties. SEM photographs revealed
that among the three different veneering porcelains, they

Table 4. Descriptive statistics and multiple comparison results for

shear bond strength according to vennering ceramic and cooling
process

IPS e.max GC Initial

Vita VM9 Ceram ZR-FS Sum
Max 20,62+5,73  20,34+6,37 18,09+6,42 19,68+6,08"
MPa MPa MPa MPa
75 23,84+4,42  23,06+4,79 19,91+7,36  22,27+5,74*
MPa MPa MPa MPa
50 25,32+8,45 26,10+7,09 20,21+7,02 23,88+7,75"¢
MPa MPa MPa MPa
25 30,79+7,93 27,08+10,82 26,27+9,01 28,04+9,22°8
MPa MPa MPa MPa
Sum 25,14+7,55* 24,14+7,78%® 21,12+7,86°
MPa MPa MPa

*>There were no statistically difference between veneering ceramics with
the same letter; “EThere were no statistically difference between cooling
process with the same letter.

Table 5. Effects of veneering ceramic and cooling process on shear
bond strength

F p Partial Eta Squared
Veneering ceramic 3,267 0,042 0,057
Cooling process 6,878 <0,001 0,160
. s .
Veneering ceramic 0296 0,938 0,016

Cooling process
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had similar microstructural appearances as a function of the
cooling process. The mode of failure analysis results for the
groups showed mixed failure mode with both cohesive fail-
ure within the veneering ceramic and adhesive failure with
the veneering ceramic debonding from zirconia. A direct view
of the fracture surface at the zirconia framework showed that
a thin layer of the veneering ceramic remained on the surface
with exposure of the zirconia structure in groups in which the
fast-cooling process was applied (Figure 3).

L

Cooling Process

Mean Shear Bond Strength (MPa)

HVitaVM9 M IPSe.max Ceram M GClnitial ZR-FS @ Sum

Figure 1. Mean shear bond strength results of the groups.
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Figure 2. XRD patterns and volume fraction (Vm) results of the
monoclinic phase of the groups.
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Figure 3. SEM photographs of the groups.

Discussion

Numerous factors have been reported to cause chipping
failure in zirconia-based ceramics. Chemical bonding, me-
chanical bonding provided by surface roughness, the type
and amount of defects at the interface, the wetting property
of the veneering ceramic and the difference in the thermal
expansion coefficient between zirconia and the veneering

ceramic are among the factors affecting the bond strength.
In addition, the thickness ratio of zirconia-veneering ceram-
ics, the geometry of the restoration and inadequate veneer-
ing ceramic design, the magnitude of the applied force, the
direction-frequency and the location of the occlusal forces,
the elasticity modulus and conductivity differences of the
framework and veneering ceramics, and the thermal chang-
es observed during the firing of the veneering ceramics
were indicated as other failure factors (6-9,15,16). Among
these factors, the effect of the thermal changes seen during
the firing of the veneering ceramics, especially the cooling
process, on the bond strength between zirconia and ve-
neering ceramics is not clear (17,18). Since the manufactur-
ers producing veneering ceramics compatible with zirconia
suggest applying a slow cooling process after firing, our re-
search aimed to examine the effect of the thermal changes
observed during the firing of ceramics applied on zirconia
on the bond strength.

Previous studies investigated different cooling processes
(18-20). In the present one, four different cooling process-
es were performed after the application of the veneering
ceramics. The cooling process was applied in a similar way
to the firing (similar to the heating process) applied by Tan
et al. (21). It was stated that the samples that underwent
slow heating and cooling showed higher fracture strength,
but the results were not statistically significant. The failure
occurred cohesively in ceramics in the region close to the
zirconia framework (21). In another study, it was concluded
that it was very difficult to analyze the results due to frac-
ture patterns and factors affecting residual stress since there
was no standardization regarding the cooling process and
sample design (18). In our experiment, in groups that were
subjected to the fastest cooling process, the samples were
taken out of the furnace as soon as the firing process was
completed, and the cooling process was iniated. It has been
noted that this process could allow for a comparison which
is similar to the steps a dental technician follows to remove
restorations from the furnace immediately after firing (20).

The cooling process was performed in the furnace up to
the glass transition temperature of the ceramic. The long-
term cooling process is used to prevent residual stress forma-
tion in glasses and materials containing a glass matrix (22).
At an annealing point above 50°C, the glass is hard enough
not to deform and soft enough to relieve stresses (22-24).
Therefore, the heat of glass transition had a significant effect
on the magnitude of the residual stress in the ceramic and
it was considerably affected by the cooling process (23,24).
Above the glass transition temperature, the ceramic could
make molecular movements that do not cause any stress
and behave as a viscous structure that allows reshaping
(8,23,25). As the temperature decreases, the viscosity of the
ceramic increases and the molecular displacement becomes
more difficult with the amount of thermal energy. The ce-
ramic transforms into the elastic solid phase below the glass
transition temperature (where there are no structural chang-
es and stress accumulation may occur) (8,23).

The properties of the liquid vary, depending on the time
during the transition process to the glass phase, and slow
cooling should have been applied up to the glass transition
temperature in order to prevent stress due to thermal tran-
sitions in ceramic and glass-containing materials. Thus, a ho-
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mogeneous heat dissipation could be achieved between the
inner and outer layers of the ceramic (26). For this reason, it
has been concluded that the cooling process up to the glass
transition temperature is more important in the formation
of stress, and in our study, it was decided to perform the
cooling process up to this temperature in the furnace in a
controlled manner.

The stress in the veneering ceramics is an important factor
in determining the longevity of the restoration. The thermal
incompatibility between the framework and the veneering
ceramics creates compressive or tensile stresses in the ve-
neering ceramics, depending on whether the thermal ex-
pansion coefficient of the veneering ceramics was lower or
higher than the framework. Ceramics were resistant to com-
pressive stresses and but not to the tensile ones, and the
occurrence of compressive stress in the veneering ceramic
is a desirable situation, because in this way the veneering ce-
ramic is strengthened, and the fracture resistance increases.
Due to the fact that the thermal expansion coefficient of the
veneering ceramic was somewhat lower than or close to that
of the framework, the favorable compressive stresses may
occur during the cooling process (27). When the thermal ex-
pansion coefficient of the veneering material is higher than
that of the framework material, delamination and micro
cracks could be observed in the veneering. In metal-ceramic
systems, the excessive stresses caused by the mismatch of
the thermal expansion coefficient could be partially com-
pensated by the elastic or plastic deformation in the metal
(28). However, zirconia has a lower thermal expansion coeffi-
cient than other ceramics. More destructive stresses occur in
veneering ceramic in zirconia-based restorations. Therefore,
it was previously reported that veneering ceramic resistance
was an important parameter in long-term success (29). For
this reason, in recent years, special veneering ceramics have
been developed with the same or lower thermal expansion
coefficient than zirconia. In our study, a zirconia framework
and veneering ceramics with close and compatible thermal
expansion coefficients were used.

Tempering is a method created by heating the glass to a
temperature slightly below its softening degree and sud-
denly cooling it to room temperature and used to strength-
en the ceramic (30). While this process is recommended for
metal-based ceramic systems, the recommendations for
veneering ceramics applied on a zirconia framework are
different. Post-firing slow cooling (with the furnace closed
from liquid phase to glass transition temperature) has been
recommended for some ceramics (31). Manufacturers are
currently concentrating their efforts on reducing the stress
areas and cracks in ceramics. Previous research on this sub-
ject indicated that the fast cooling rate after firing might
cause a high thermal tempering effect and residual stresses
on the surface (10,32). Another factor in the residual stress
formation that causes fractures in the veneering ceramic is
related to the fact that zirconia is a weak conductor com-
pared to metal alloys and even to other full ceramic frame-
works. When fast cooling is applied to metal-based ceramics,
veneering ceramics can cool rapidly from the surface to the
inside because metal is a good conductor, but fast cooling
cannot occur in zirconia-based ceramics. Veneering ceram-
ic's surface hardens after fast cooling, but the inner part
adjacent to the zirconia remains above the glass transition

temperature for a long time, and wide thermal differences
occur between the inner and outer layers (25,33). Benetti et
al. (34) found that the temperature difference between the
inner and outer layers was lower in the samples with slow
heating and cooling compared to the samples with fast
heating and cooling. In addition, the temperature difference
between the layers in the metal-ceramic samples with fast
cooling was found to be lower than that of the zirconia-ce-
ramic samples. This result is thought to be due to metal be-
ing a better conductor than zirconia.

During the application of the veneering ceramic, the zirco-
nia framework is exposed to existing humidity and increas-
ing heat, and the zirconia is not stable due to the sponta-
neous t - m phase transformation. This can cause a decrease
in mechanical properties. Heat, humidity, particle size, micro
and macro cracks in the material can affect the t - m phase
transformation of the stabilizing oxide type and amount. The
most critical temperature range for this conversion is 200-
300 °C and the conversion is increased in the presence of
water or steam. However, it has been stated that the effects
of degradation at low temperatures on Y-TZP can only be
significant after years (35,36). Tholey et al. detected mono-
clinic crystals at the zirconia-veneering ceramics interface
using the SEM and XRD method (37,38). In zirconia, a volume
increase of ~ 4% occurs with the monoclinic phase formed
due to phase transformation. This increase in volume may
develop due to the increase in humidity and temperature in
the environment during the firing of the veneering ceramics
(38). It was reported in another study that, the decrease in
strength may depend on the amount of the structure being
transformed, and there may be a significant reduction in
strength when transformation occurs in a large part of the
structure (39).

In the present study, the firing procedure (fast cooling af-
ter firing) decreased the shear bond strength of Vita, IPS and
GC samples. XRD analysis revealed an increase in the mono-
clinic phase volume ratio on the surface which was observed
in the groups with fast cooling after firing (in the maximum
groups) compared to the groups in which slow cooling
was applied (in the 25 groups). The volume increase of the
monoclinic phase was also observed in the 75 and 50 group
samples, and it was determined that the highest monoclinic
phase volume ratio was in the GC maximum group (13.3%),
and the lowest monoclinic phase volume ratio was in the Vita
25 group (8.7%). In general, it was observed that as the cool-
ing rate increased in all groups, higher monoclinic phase vol-
ume ratios occurred. In addition, lower bond strengths were
observed in the samples that underwent fast cooling (in the
maximum groups). The highest monoclinic phase volume
ratio was found on the surface of the GC maximum group
with the lowest bond strength value, and the lowest mono-
clinic phase volume ratio was seen on the surface of the Vita
25 group with the highest bond strength. Taken together, it
can be stated that the shear bond strength was also found to
be lower in the samples with a higher monoclinic phase vol-
ume ratio. The fast-cooling process applied after the firing
process may trigger the transformation of the metastable
tetragonal phase into the monoclinic phase and could have
weakened the structure. When the samples are evaluated in
terms of failure type; combined fractures (cohesive failure
in the veneering ceramic and adhesive failure at the inter-
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face) were detected. In the SEM analysis, the zirconia frame-
work in GC max. group was more exposed at the interface,
although the fracture started in the veneering ceramic. This
finding may support the low shear bond strength value.

There may be defects in ceramic material due to manufac-
turing process. Internal defects, grain size mismatches, large
grain size, regions with different phases are microcracks due
to the expansion and contraction of different crystal phases.
External defects, on the other hand, occur after manufactur-
ing processes and can be caused by voids, processing dam-
age, sediments and foreign material residues. The superfi-
cial defects are always present in ceramics, and volumetric
defects can re-surface with abrasion as well as during the
polishing process, which could further weaken the structure
(40). Despite the maximum care and attention in our study,
the inherent structural defects might also have caused fail-
ure. The limitations of our study include the use of samples
with different anatomical geometries to mimic the clinical
situation and the ability to create fatigue by using a chewing
simulator.

Conclusion

Within the limitation of this experimental study, it could
be stated that the thermal changes during the firing process
of veneering porcelain over a zirconia framework influenced
the bond strength of the all-ceramic bilayered system. The
fast cooling process reduced the strength of the bond be-
tween the zirconia framework and veneering ceramics. Slow
cooling, especially after veneering firing, may reduce the
bond failure, and therefore, it may prolong the longevity of
the ceramic restoration.

Tiirkce ozet: Zirkonya altyapi (zerine uygulanan seramiklerin isisal
degisimlerinin baglanti dayanimlarina etkisinin incelenmesi. Amag:
Bu ¢alismanin amaci; zirkonya altyapilar (izerine uygulanan sera-
miklerin finnlanmasi sirasinda goériilen isisal degisimlerin baglanti
dayanimlarina etkisinin incelenmesidir. Gere¢ ve Yontem: Calismamiz-
da single yttria stabilize zirkonya polikristali (Y-TZP) altyapi seramigi
(Kavo Dental GmbH) ve 3 farkli tstyapi seramigi (IPS e.max Ceram,
Vita VM9 ve GC Initial Zr-FS) kullanild. Zirkonya bloklardan CAD/CAM
sistemi (Kavo Everest) kullanilarak yiiz yirmi adet standart disk sek-
linde 6rnekler hazirlandi. Ustyapi seramiklerine firnlama sonrasi dért
farkli sogutma islemi (maksimum, 25°C/dk, 50°C/dk ve 75°C/dk) uygu-
landi. Orneklere Makaslama Baglanti Dayanim Testi (SBS) uygulandi.
Seramiklerin ylizeyi Taramali Elekron Mikroskobu (SEM) kullanilarak
incelendi. Zirkonyadaki t-m faz déniistiimd, X-Isini Difraksiyon Analizi
(XRD) ile degerlendirildi. Calisma istatistiksel olarak, ki yénlii varyans
analizi, Bonferroni dlizeltmesi ve ikili karsilastirmalar kullanilarak ince-
lendi. Bulgular: Ustyapi seramiklerinin, makaslama baglanti dayanimi
lizerindeki ana etkilerinin anlamli oldugu tespit edilmistir (p=0.042).
Ortalama makaslama baglanti dayanimi degerleri sogutma islemine
gdre anlamli farklilik géstermistir (p<0,001). Hizli sogutma islemi uygu-
lanan gruplarda monoklinik faz oraninda artis gézlemlenmistir. Sonug:
Zirkonya altyapi lizerine uygulanan seramiklerin, firnlama islemleri
sirasindaki ortaya ¢ikan isisal degisiklikler, gift tabakali seramik sistemin
makaslama baglanti dayanimini etkilemistir. Yavas sogutma islemi-
nin, ¢ift tabakali seramik érnekler icin daha yliksek baglanti dayanimi
sagladigi tespit edilmistir. Anahtar Kelimeler: Zirkonya, Ustyapi se-
ramigi, CAD/CAM, Baglanti dayanimi, Sogutma islemi
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