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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
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privileged information. Editorial Board mem-
bers and reviewers are instructed to exclude
themselves from reviewing any manuscripts
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
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Official Publication of
Istanbul University
Faculty of Dentistry

“revisions required”, “resubmit for review” or
“decline submission”.

“Accept submission”indicates that the manu-
script can be published as is. If there are “revi-
sions required’, all major changes in the man-
uscript must be confirmed by the reviewer
who had originally suggested the revisions.
In some cases, editorial team may think that
your manuscript deserves re-evaluation after
substantial changes which cannot be com-
pleted within reasonable time limits. There-
fore, the editor may encourage authors to
re-submit their manuscript by selecting “re-
submit for review”. Such conditions include,
but not limited to, increasing the sample size,
performing more statistical tests or correct-
ing multiple errors that impede understand-
ing. Re-submitted manuscripts will be treat-
ed as new submissions. On the other hand,
if the “decline submission” decision has been
reached, your manuscript has been found
unsuitable for publication and you cannot
submit the same manuscript to this journal.

An e-mail notification that includes the for-
mal letter of approval will be sent to the cor-
responding author. Rejection e-mail will in-
clude reviewers’ comments and suggestions.
Accepted manuscripts will be forwarded to
the publisher.

After acceptance

Production department transforms the man-
uscript files into an article and sends the
galley proofs to the corresponding author
via e-mail. All authors should carefully check
the final PDF proof version of the article for
minor punctuation or spelling errors, correct
presentation and positioning of the tables,
figures and their captions. Corrected page
proofs should be returned via e-mail with-
in 7 days of receipt. Major changes such as
adding new paragraphs, changing the title
or the name order of the authors and mod-
ifying visual elements will not be allowed at
this stage.

Publication

Articles will normally appear in the order in
which they were accepted as publication,



E

however, Editor-in-Chief and Editorial Board
reserve the right to modify this schedule in
the presence of critical scientific issues.

To speed up the process, articles will be
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
steps.

DOl number

Digital Object Identifier (DOI) number is a
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-
ing author of the accepted manuscript. This
document must include: the reason the
name should be added or removed, or the
author names rearranged and written con-
firmation (e-mail, fax, letter) from all authors
that they agree on the addition, removal or
rearrangement. In the case of addition or re-

uropean

Oral Research

moval of authors, written confirmation from
the author being added or removed must be
included. Requests that are not sent by the
corresponding author will be forwarded by
the Editor-in-Chief to the corresponding au-
thor, who must follow the procedure as de-
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.

Data access and retention

Authors may be asked to provide the raw
data of their investigations during the edito-
rial process or after publication of the article.
Such materials include, but not limited to,
original submission files, unedited versions
of the printed and/or digital radiographs, un-
edited versions of the printed and/or digital
photographs, histologic slides, original out-
puts from clinical and/or experimental diag-
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.

Correction, Retraction & Removal

A formal correction will be issued in the jour-
nal by the Editor-in-Chief, if only a small por-
tion of otherwise reliable article is flawed in
a way that does not severely affect the find-
ings reported in it (such as mistakes in the
spelling of a drug, miscalculation of a formu-
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-
thor error) will be published in the next issue
of the journal.

Articles may be retracted by its authors or
by the Editor-in-Chief under the advice of
the scientific community. If authors are will-
ing to retract an article before it is published
(accepted or under review), requests must
be sent to the Editor-in-Chief from the cor-
responding author of the manuscript. This
document must include: the reason the ar-
ticle should be retracted and written confir-
mation (e-mail, fax, letter) from all authors
that they agree on the retraction. Reasons
for editorial retraction include, but not lim-
ited to, unreliable publications as a result
of misconduct or honest error, redundant
publication, major plagiarism, copyright in-
fringement and unethical research. A formal
retraction announcement written by the
Editor-in-Chief will be published in the print
edition of the journal. For online articles, the
PDF pages remain with a watermark on each
page to notify it is retracted.

In rare circumstances, an article can be com-
pletely removed from the online database.
Such conditions include, but not limited to,
defamation, infringement of legal rights,
court orders and claims in the article that
might pose serious health risks. Title and
author names will remain in the web page
while the text will be replaced by a notifica-
tion indicating that the article has been re-
moved for legal reasons.

A-XI



Faculty of Dentistry

u rO e a I I 2 Official Publication of
Istanbul University

Oral Research

Contents

Original Research Articles

Quality and reliability of web-based information regarding restorative treatment in
PEAIALIIC PATIENTS c.uceieeereieretsiserrtse ettt ss s b st s s s s s bbb s s s ss bR bbb st s bsnnsntas 104
Berna Kuter, Alp Abidin Atesci, Ece Eden

Orthodontic treatment need and occlusal traits in the early mixed dentition among
8-9-YEar Old SAUAI ChIlAIEN ...ttt s st bbb s s s b sse s sssssssssssassases 110
Guna Shekhar Madiraju, Sarah Ahmed Alabd-rab Alnabi, Anfal Saeed Almarzooq

Evaluation of flexural properties and dynamic mechanical analysis of glass fiber-reinforced
POIYAMIAE FESIN ettt ssse s b ss et s s s bbbt s bbb R st bbb s s ssesas 116

Senem Unver, Arzu Zeynep Yildirim Bicer

Perceptions of dental students towards online education during the COVID-19 pandemic ........c.ceecuu.... 124

Ayca Sarialioglu Gungor, Yesim Sesen Uslu, Nazmiye Donmez

The effects of Biofreeze and superficial heat on masticatory myofascial pain syndrome .........ccccoveevevuuneee 133

Deniz Yaman, Cansu Alpaslan, Oya Kalaycioglu

Comparison of efficacy and pain perception using 0.5% Bupivacaine and 2% Lidocaine in
periodontal Surgery — A split mouth randomized clinical trial ... 139
Shanmukha Srinivas Manikanta Tirumalasetty, Dwarakanath Chinniswami Doraisami, Santosh Venkata Ramesh Konathala,

Subhadra Gautami Penmetsa, Naga Venkata Satya Sai Sruthima Gottumukkala
The effects of final irrigants on the push-out bond strength of two calcium silicate-based
root Canal SEAIEIS: AN iN VItrO STUAY ...t ssessssssssssessssssssssssssssssssssssssssssesssesssssssesssssssssssssssses 146

Davut Celik, Ayse Tuba Ozalp Koca, Tugba Kosar, Tamer Tasdemir

Evaluation of a collagen-bioaggregate composite scaffold in the repair of sheep pulp tissue................ 152

Burak Dayi, Deniz Sezlev Bilecen, Hatice Er6kstiz, Muhammet Yalcin, Vasif Hasirci

A-XII



eor.istanbul.edu.tr

\STAy

a%e [STANBUL
Y UNIVERSITY
fEet _ pRESS

Official Publication of Istanbul University Faculty of Dentistry

Eur Oral Res 2021; 55(3): 104-109

Original research

Quality and reliability of web-based information regarding

restorative treatment in pediatric patients

Purpose

The aim of the present study is to assess the quality and reliability of web-based
information about restorative treatment in pediatric patients on the internet using
different scales.

Materials and Methods

Websites obtained by using keywords about restorative treatment in pediatric
patients on Google and Yandex were included in the study. The study was
conducted in English on a total of 440 websites. Websites were evaluated using
the quality criteria for consumer health information (DISCERN toolkit), Journal of
American Medical Association (JAMA) benchmarks, and Health on the Net Code of
Conduct Certification (HONCode).

Results
The mean DISCERN points of the websites were moderate. Among the evaluated
websites, the quality of the knowledge in 20% of the websites was low. The rate of
websites with a score below 40 was 37.5%. None of them has reached an excellent
score. No websites met all JAMA criteria. There was no HONCode Certificate on any
website.

Conclusion

This study showed that the quality of the web-based information about restorative
treatment in pediatric patients was generally inadequate and scientifically
imperfect.

Keywords: Internet, DISCERN, JAMA, HONCode, quality of web information
Introduction

The internet is a resource of knowledge about healthcare for both pro-
fessionals and patients (1). Information technology has begun to modi-
fy the traditional medical approach from treatment towards prevention.
World Health Organization declared that 71% of internet users used the
internet to obtain information about health topics (2). However, there is
no regulation about the content of the health issues posted, and every-
body could post them online. Formerly, a person in need of dental treat-
ment was informed by the dentist (3-5). However, nowadays, most of the
patients inform themselves through the internet, even before going to
the dentist.

Several different dental treatment options and dental materials are avail-
able for each case. Dentist’s experience could influence the choice of treat-
ment and materials (6). Wuollet et al. (7) stated that there were differences
in the preferred materials among dentists. The different factors such as ma-
terials available, working time, tooth prognosis, material strength, co-op-
eration, experience, and aesthetics affect dental treatment preference. Pa-
tient co-operation plays an important role in the choice of the treatment
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and materials for the restoration of extensive primary tooth
decay. However, parents generally have no idea on such fac-
tors and they try to decide which treatment is the best for
their children based on what they read online. Thus, the ac-
curacy, standard, and trustworthiness of the information on
the internet are crucial (8). It was stated that many health sites
included captious, inappropriate, and inaccurate information
(9,10). Several validation tools were developed that can assess
various properties of internet sites to help to choose quali-
ty websites on health-related information. DISCERN Toolkit,
JAMA Benchmarks and HONCode are some of those (11-13).

Availability of internet and easy access makes it an import-
ant tool to inform health-related issues of the population.
Therefore, the purpose of this study is to assess the quality
and reliability of web-based information in English websites
on restorative treatment of children using different scales.
The null hypothesis tested in this study is that no difference
could be found among websites in terms of quality.

Materials and Methods
Data gathering

Internet search was carried out using Google and Yandex
search engines. While determining the keywords, ideas of par-
ents experiencing dental caries in their children’s primary teeth,
patients attending dental treatment for their children, dentists
and people who has no idea about the subject were used. They
were asked to suggest keywords or phrases for reaching infor-
mation on treatment of deciduous teeth. Collected words and
phrases were tested on several search engines before being
included in the study. Then, 11 keywords were identified by
excluding keywords and phrases which referred to internet
sites that are not related with the subject. Keywords selected
were all phrases and listed as follows: “deciduous teeth treat-

"

ment(s)’, “primary teeth treatment(s)’, “milk teeth treatment(s)’,

"

“baby teeth treatment’, “deciduous teeth restorations’, “primary

"

teeth restorations’,“milk teeth restorations”and “baby teeth res-
torations’, “primary teeth fillings’, “milk teeth fillings” and “baby
teeth fillings”. Internet search was conducted by one pediatric
dentist. The websites were evaluated between 25/03/2020 and
08/04/2020 and number of pages from Google and Yandex
search engines on each keyword are presented in Table 1. The
search was planned in English language on a total of 440 web-
sites. Each keyword was searched on each search engine and
the first 40 websites were assessed.

Inclusion and exclusioion criteria

Dental health centers websites, medical information web-
sites, professional organization websites and hospital web-
sites were included the study. The duplicate websites, links
to research studies, advertisements, discussion groups, vid-
eos and images were excluded from the evaluation.

The evaluation of websites

Websites were evaluated with the DISCERN toolkit, JAMA
benchmarks, and HONCode.

DISCERN toolkit: The websites were analyzed with the DIS-
CERN toolkit (11). DISCERN tool kit includes 3 parts and 16
questions which is scored from 1 to 5. Part 1 includes 8 ques-

tions that evaluate the relevance of the publications while
part 2 composed of 7 questions evaluating the quality of the
information. The last part contains a question which evaluates
the general quality of the website. According to the DISCERN
toolkit, the total average scores of websites were divided into
5 groups as dental health-care center, informative, organiza-
tional and hospital (Table 2). The evaluator read all the infor-
mation about primary teeth treatments and rated each web-
site according to the DISCERN toolkit. Obtained data were
calculated as mean score, percentages and ranges.

JAMA benchmarks: This tool was published for property
standards for websites data on health by Silbergin, Lund-
berg, and Musacchio (12). Four main characteristics as, au-
thorship, attribution, disclosure and currency were used as
the criteria of JAMA.

Health on the net code of conduct (HONCode): This certifica-
tion is maintained by an independent institution (Health on

Table 1. Keywords about restorative treatment in pediatric patients
and approximate number of webpages obtained.

Keywords Google Yandex
deciduous teeth

treatments 4,390,000 pages 212,000 pages
primary teeth

treatments 125,000,000 pages 1,000,000 pages
milk teeth treatments 62,500,000 pages 374,000 pages
baby teeth treatments 190,000,000 pages 1,000,000 pages
deciduous teeth

restorations 683,000 pages 336,000 pages
primary teeth 2,920,000 pages 79,000 pages
restorations 2P0 Pag oovpag
milk teeth restorations 7,790,000 pages 783,000 pages
baby teeth restorations 14,500,000 pages 633,000 pages
primary teeth fillings 3,320,000 pages 740,000 pages
milk teeth fillings 1,110,000 pages 140,000 pages
baby teeth fillings 3,710,000 pages 1,000,000 pages

Table 2. The total average DISCERN scores for different types of
websites.

o < ©
P - v c
] ® 2 o =
4] = v g = F= S
z _ 5 Tt g 5 a
W R - - 5 £
(%] \b v E 3=
ac a o
Very Poor
(16-26) 3 3 0 0 0
Poor

1 12 1 2 1
(27-38) >
Fair
(39-50) 16 11 3 1 1
Good

2 4

(51-62) 6 0 0
Excellent
(63-80) 0 0 0 0
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the net, Lausanne, Switzerland) (13). The credibility and the
property of the web data were stated on the website con-
tained on eight standards. These are complementarity, pri-
vacy, authoritativeness, attribution, justifiability, disclosure,
transparency and variations of advertisements.

Statistical analysis

The collected data from all groups were imported to Statisti-
cal Package for Social Sciences (SPSS) for Windows software, ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA). The frequency of each vari-
able was calculated by descriptive statistics. All variables were
analyzed for normality using the Shapiro-Wilk test. The distribu-
tion was found to be skewed. As the distribution of the data did
not meet the requirements for normality and homogeneity of
variances assumptions, continuous variables that belong to the
websites’s Discern scores were analysed by the nonparametric
Kruskal-Wallis by ranks and Mann-Whitney U tests for multiple
and pairwise comparisons, respectively,. The chi-square test was
used to compare the categorical demographic variables among
the JAMA groups. The confidence interval was set to 95% and p
< 0.05 was considered statistically significant.

Results

A total of 440 websites were identified and duplicate web
pages, advertisements, and research articles were eliminat-
ed before evaluation. The websites considered for evalua-
tion were dental health centres’ websites (57.5 %), medical
information websites (25.0 %), professional organization
websites (10.0 %) and hospital websites (7.5 %). 60 % of the
analysed websites were originated from USA. Canada was
the second country with 12.5 %, and Australia and India
were in the third with 5.0 %. These countries were followed
by England, Lithuania, Malta, Russia, Sri Lanka, Ukraine and
Vietnam (2.5 %).

Discern Results: The DISCERN points of the websites was fair
(average 40.15) (range: 23-58), and findings are presented in
Table 2. The quality of the data in 20% of the websites were
low (scores of 1 and 2). The percentage of websites, with a
total score of 40 and above is 62.5% and the rate of websites
with a score below 40 is 37.5%. No website has reached ex-
cellent score (63-80). Date of information and sources gener-
ally were not mentioned in the websites, in addition, dura-
tion, and limits of restorative treatment of children were not
clear (Figure 1). References were not supplied. The scores of
questions about aim, alternative treatments and benefits of
treatments were presented in Table 3.

According to Kruskall-Walls test, at least one statistically sig-
nificant difference between websites was found (p = 0.034).
Then each pair of the websites were compared by Mann Whit-
ney U Test at 0.01 significant level. Since significant level was
getting higher, 0.01 significant level was selected for each pair
of the website comparisons. The scores of dental health-cen-
tre websites were higher than information websites (p = 0.005
). However, dental health centre websites’ scores were not sta-
tistically higher than organization websites (p = 0.494), and
hospital websites (p =0.315). The scores of the information
websites were not statistically significantly different from the
hospital websites (p =0 .499), and organization websites (p =
0.077). The scores of hospital and organization websites were

Figure 1. The Average of Questions of DISCERN Score.

Table 3. The Average and Sections DISCERN Score.
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not statistically significantly different (p = 0.593).

JAMA Results: No websites met all JAMA criteria. 30.0 % of
websites only met author criterion. 12.5 % of them met ref-
erence criterion, 40.0 % had currency criterion. No websites
met disclosure criterion. 30.0 % of websites displayed an au-
thor, 12.5% of websites referenced their information, none
of the websites mentioned about disclosure, and 40.00 % of
websites displayed a date of publication.

Dental health-centre websites had high authorship JAMA
points. However, there was no statistically significant dif-
ference between dental health-centre websites and the
other kinds of webpages according to the authorship JAMA
points. This is presented in Table 4 (X?=2.632 df=1, p = 0.052).

Dental health-centre websites obtained higher points
(17.5%) than the other websites in the currency JAMA criterion
(Table 4). There was statistically significant difference between
dental health-centre websites and the other kinds of webpag-
es according to the currency JAMA points (X>=7.882 df=1,p =
0.049).There was no statistically significant difference between
the scores of the websites according to the attribution JAMA
criterion. (X?=2.159 df=1, p = 0.540). Organization websites
had significantly lower points than the dental health-center
and information websites in the currency JAMA criterion. This
was presented in Figure 2 (X?>=7.882 df=1, p =0 .049).

When the JAMA criteria scores were analysed in relation to
the country of origin, the websites of Ukraine, England, Malta,
Vietnamese, Lithuania did not meet any JAMA criteria (Figure
3). The websites of Russia met only currency JAMA criterion.

HonCode Results: There was no website with HonCode Cer-
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Table 4. JAMA Criteria Distribution and Comparison Between Type of

Websites (%) Chi-Square Test: * p < .05 significant difference between
the groups (type of websites).
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tificate.
Discussion

This study evaluated the quality of provided information
related to the restorative treatment of children on internet.
The findings demonstrated that the information was likely
to be inadequate or incorrect. Although internet users often
prefer to look at the first page, as suggested, the first avail-
able 40 websites were evaluated in two search engines for
each keyword (14). Internet provides very broad information,
and itis not easy to distinguish the proper informative results
for the parents who are seeking help from internet. As pa-
tients’demand on learning more about the treatment possi-
bilities from internet increased, the type of correspondence
between physicians and patients changed (15). All health-
care workers started to show presence on the internet.

A previous study, evaluating the quality of oral hygiene
training, reported a moderate score for quality of oral health
statement available on the web (16). Similarly, the informa-
tion on dental trauma on theinternet was found to be limited
in quantity and quality (17). It is important to guide patients
and guide people on dental treatment possibilities. It was
stated that dentists could provide patients with appropriate
information by referring patients to approved websites, for
example on the thumb sucking habit (18). When the latter
was evaluated the reliability of websites on the thumb suck-
ing habit by the DISCERN tool, the highest points obtained
from 36 websites was 55 out of 80, and the lowest points was
16 out of 80. Baybek and Tuncer (19) evaluated the quality of
information on webpages on orthognathic surgery in Turkey
using the DISCERN toolkit and stated that the quality of in-
formation on orthognathic surgery on the internet was low.
It was noted that higher quality information was provided
by public institutions that are not concerned about profit.
Stinson et al. (8) stated that high-quality internet health in-
formation was present at an appropriate reading level for
youth with juvenile idiopathic arthritis and their parents. The
average DISCERN scores of websites were generally poor or
fair in this study. Only two dental health centers and four in-
formation websites scored good. 38 of the first 40 websites
were private dental health-centre websites, 2 websites were
public organizations. Private clinics had higher DISCERN
scores than the others. However, both public and private
websites did not score excellent in this study.

None of the websites examined includes all criteria as re-
gard JAMA benchmarks. These results were similar to the
other recent studies (20,21). Dental health-center websites
had a higher score than the others. This could be explained
by higher currency scores. The part of disclosure scores was
insufficient on all websites and public websites did not score
both attribution and disclosure JAMA scores. Furthermore,
author JAMA score was low in public websites.

HON is a non-governmental organization (13). It promotes
a code of conduct for websites providing health informa-
tion. The applicant is a direct indicator of the quality of infor-
mation. However, it was shown that none of the evaluated
websites had a HONCode Certificate.

The uncontrollable nature of the internet makes health-
care professionals vary in advising their patients to read
more from online sources (22,23). One of the main reasons
for this may be an increase in websites concerning special
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implementation. These private practice websites often ad-
vertise rather than inform, and this could lead to questions
in patients’ minds. Thus, there is a gap that should be filled
by non-profit educational institutions which publish web-
sites with sufficient and clear information on dental health.
Based on our findings, internet information about dental
restorative treatment for children is limited. The web-based
information was deficient both for the reliability of the pub-
lications and the quality. English websites were searched,
and it could be a limitation for this study. However, English
is widely used, and we may conclude that this first research
using three different methods to assess the quality of data
on the webpages about restorative treatment in pediatric
patients showed that the information on the topic is scarce.

Conclusion

This study showed that the quality of the web-based infor-
mation about restorative treatment in pediatric patients is gen-
erally inadequate, limited, scientifically imperfect and insuffi-
cient. There is a need for a qualified web page to guide parents
who are interested in dental treatment for their children.

Tiirkce Ozet: Pediatrik hastalarda restoratif tedavi ile ilgili web ta-
banli bilgilerin kalitesi ve giivenilirligi. Amacg: Internet, dis hekimleri
ve hastalar icin kolayca ulasilabilir bir dis sagligi bilgi saglayicisidir.
Arastirmanin amaci, internette pediatrik hastalarda restoratif tedavi ile
ilgili web tabanli bilgilerin kalitesini ve gtivenilirligini farkli dlcekler kul-
lanarak degerlendirmekti. Gereg-Yéntem: Cocuk hastalarda restoratif
tedavi ile ilgili anahtar kelimelerle Google ve Yandex arama motorlari
kullanilarak internet (izerinden ¢ocuklarin restoratif tedavisi lzerine
arastirma yapildi. Calisma, toplam 440 web sitesinde ingilizce olarak
yapildi. Web siteleri, DISCERN (tiiketici saglik bilgileri igin kalite kriter-
leri), JAMA (Amerikan Tip Dernedi Dergisi) ve HONCode (internet Saglik
Kurallan Sertifikasyonu) kalite kriterleriyle degerlendirildi. Bulgular:
Web sitelerinin ortalama DISCERN puanlari orta diizeydeydi. Deger-
lendirilen web siteleri arasinda, web sitelerinin % 20'sinin bilgi kalitesi
diistiktii. Puani 40'in altinda olan web sitelerinin orani % 37,5'ti. Hicbiri
miikemmel bir puana ulasmadi. Tim JAMA kriterlerini karsilayan web
sitesi yoktu. Hi¢bir web sitesinde HONCode Sertifikasi yoktu. Sonug¢: Bu
calisma cocuklarin restoratif tedavileri ile ilgili internetteki bilgilerin ka-
litesini farkli 6lceklerle degerlendiren ilk arastirmadir. Bu ¢calisma, pedi-
atrik hastalarda restoratif tedaviye iliskin web tabanli bilgilerin kalite-
sinin genellikle yetersiz ve bilimsel olarak eksik oldugunu géstermistir.
Ebeveynler, ¢cocuklarinin restoratf tedavisine iliskin web sitelerindeki
bilgilerin yanhsliklar ve kisitliliklari konusunda uyarilmalidir. Anahtar
Kelimeler: Internet, DISCERN, JAMA, HONCode, web bilgilerinin kalitesi.
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Orthodontic treatment need and occlusal traits in the early
mixed dentition among 8-9-year old Saudi children

Purpose

The present study aimed to assess the prevalence of occlusal traits and to evaluate
the orthodontic treatment need among children aged 8-9 years in Al Ahsa, Eastern
region of Saudi Arabia.

Materials and Methods

A descriptive cross-sectional study was conducted among 282 Saudi children who
were randomly selected from those visiting dental outpatient clinics at the College
of dentistry in King Faisal University, AlAhsa. All the children were evaluated using
the DHC and AC components of Index of Orthodontic Treatment Need (IOTN).
Descriptive statistics, chisquare test and Fisher’s Exact test were used for data
analysis with statistical significance set at p<0.05.

Results

The most prevalent malocclusal trait was crowding (39.7%) followed by increased
overjet (28.4%). About 30.9% and 17% of the children were in definite need for
orthodontic treatment according to DHC and AC of IOTN, respectively. There was no
statistical difference in the distribution of DHC (p=0.116) and AC (p=0.177) scores
between the gender.

Conclusion

This study demonstrated high percentage of malocclusal traits and orthodontic
treatment need in the mixed dentition period among 8-9-year-old children in the
Eastern region. Emphasis should be placed on early orthodontic screening and
treatment in the mixed dentition stage of dental development.

Keywords: Children, index of orthodontic treatment need, malocclusion, mixed
dentition, prevalence

Introduction

Tooth position and occlusion in permanent dentition is determined by
the transition of discrepancies from deciduous dentition to permanent
dentition through the mixed dentition period. Hence early detection of
various occlusal traits in the mixed dentition that influence the develop-
ment of malocclusion of the permanent dentition is essential. Several or-
thodontic indices are available in the literature for the assessment of mal-
occlusions such as the Index of orthodontic treatment need (IOTN), peer
assessment rating index, Index of complexity, outcome and need (ICON),
and Index for preventive and interceptive orthodontic treatment needs
(IPION) (1-4). Among these IOTN has been the most widely used index
to assess the orthodontic treatment needs in children. It consists of two
separate components: Dental Health Component (DHC) and Aesthetic
Component (AC). The DHC is the objective component and includes five
grades of treatment need, which records the severity of the malocclusion
using specific occlusal traits. The IOTN-AC is the subjective component
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and consists of a 10-point scale illustrated by a series of in-
traoral frontal colour photographs showing different levels
of dental attractiveness. It measures the patient’s perception
of presenting malocclusion and treatment needs through vi-
sual assessment (1).

Several observational studies pertaining to occlusal traits
of the mixed dentition have confirmed that the occlusal fea-
tures vary among different populations and ethnic groups
(5-9). Most studies conducted on the prevalence of maloc-
clusal traits and orthodontic treatment need in Saudi Ara-
bia were limited to Northern, Central, Western and Southern
regions (10-13). To our knowledge, no such data in the lit-
erature seems to be available in the population of Eastern
region of Saudi Arabia. So, this study was carried out to eval-
uate the distribution of occlusal traits and orthodontic treat-
ment need in early mixed dentition of 8-9-year-old children
of Al Ahsa, in the Eastern region of Saudi Arabia. The null hy-
pothesis tested in this study is that no difference could be
found in the distribution of DHC and AC scores between the
gender.

Materials and Methods
Ethical statement

The present study was approved by the Research Eth-
ics Committee of the King Faisal University (Registration
number: KFU-REC/2020-11-24). This study was designed
according to the guidelines of Helsinki declaration and the
informed consent was obtained from all study participants.

Sample size estimation

No previous study on the prevalence of orthodontic
treatment need in mixed dentition in Eastern Saudi Arabia
is available, and so the sample size was estimated at 50%
prevalence with 5% precision and a confidence level of 90%.
The minimum number of subjects needed for this study was
270. Convenience sampling technique was used to enroll
the study sample. Random dates were chosen, and all chil-
dren aged 8-9 years presenting at the clinics on the day of
the study were invited to participate in the study. Child age
at the last birthday was considered as the child age at time
of examination.

Study design

This descriptive cross-sectional study included children
aged 8-9 years, seeking routine dental care in the dental out-
patient clinics at college of dentistry in King Faisal University,
AlAhsa, during the period extended from January to Octo-
ber 2020.The present study is the first in a series of investiga-
tions analysing the prevalence of occlusal traits and ortho-
dontic treatment need in mixed dentition. Participation in
the study was voluntary, and no child was refused a consul-
tation. Study sample included Saudi nationality children, of
both genders, aged 8-9 years with presence of erupted first
permanent molars in the early mixed dentition, and with a
written informed consent signed by their parents or guard-
ians. The exclusion criteria were subjects who were non-co-
operative, not able to be guided to have a stable occlusion

or having incomplete data collection, had developmental
anomalies, systemic diseases, or craniofacial anomalies and
those with history of previous orthodontic treatment. A total
of 305 children were invited to participate in the study. After
applying exclusion criteria, 23 children were excluded, and
the final sample consisted of 282 children.

Data collection

Clinical examinations were conducted under strict infec-
tion control protocol as outlined by the Centers for Disease
Control and Prevention were used (14). Each subject was ex-
amined using disposable surgical gown and gloves, a face
mask, face shield, disposable examination kit and a sterile
periodontal probe. The malocclusal traits in the dental ex-
amination was predefined and included crowding, anteri-
or spacing, molar relationship, overjet, overbite, open bite
and crossbite. Overjet was recorded as normal (0-3mm), in-
creased (>3.5mm), and was measured by periodontal probe
from labial surface of the most protruded lower incisor to
labial surface of the most protrude upper incisor. Overbite
was measured based on the amount of overlap of lower
incisors by the upper incisors in vertical dimension. If the
overbite was one-third, it was recorded as normal and more
than two-thirds were considered a deep bite. If an overbite
is zero, it would be edge-to-edge; in the case of no contact
between the upper and the lower anterior teeth, it would
be considered an open bite. The sagittal molar relationship
was recorded according to Angle in habitual inter-cuspida-
tion position. Any deviations from Angle class | relation of
half cusp widths or more were recorded as class Il or lll molar
relation. Transverse anomalies included anterior crossbite
(upper incisors occluded lingual to lower incisors) and pos-
terior crossbite (two or more lower posterior teeth occluded
buccal to their opposing teeth). The children who present-
ed one or more of the following indications were registered
as malocclusion: increased overjet (>3.5mm), Angle class Ill,
anterior crossbite, deep overbite (>2/3 overlap), open bite,
posterior crossbite, anterior or posterior crowding (>2 mm),
and anterior spacing (>4 mm) (15). The highest numerical
values of the malocclusion severity were recorded.

The DHC component of the IOTN has been grouped into
five grades, where Grades 1-2 represent no or little need for
treatment; Grade 3-borderline or moderate need for treat-
ment; and Grades 4-5 represent severe/extreme need for
treatment. The IOTN-AC is composed of ten photographs
representing different severity and attractiveness levels of
anterior malocclusion. It has 10 grades; grades 1-4 represent
no/slight need, grades 5-7 represent borderline/moderate
need, and grades 8-10 represent severe/extreme need for
orthodontic treatment (16). The subjects observed their
teeth in the mirror and compared them with one of the ten
levels of AC.

Observers’ agreement

Two experienced and calibrated examiners, working blind
to each other’s findings, conducted the examination and re-
corded the scores. 10% of the cases were randomly selected
and re-examined after one-week interval. The intra-exam-
iner and inter-examiner agreements evaluated using the
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weighted kappa statistic were found to be 0.87 and 0.89,
respectively.

Statistical analysis

The data was entered in Microsoft excel spreadsheet
and subjected to statistical analysis by using the Statistical
Package for the Social Sciences (IBM SPSS v.20 software for
Windows IBM Corp, Armonk, NY, USA). Descriptive statis-
tics and frequencies were ascertained. The chi-square test
and fisher’s exact test were used to detect any statistical
differences between the gender. Chi-square and Fisher’s
exact test (where necessary) were used to compare the
frequencies of occlusal traits. The confidence interval was
set to 95% and p values of less than 0.05 were considered
statistically significant.

Results

The final study sample included 282 children (146 males
and 136 females) with a mean age of 9.08+0.32 years
(Mean+SD). Gender distribution of the IOTN-DHC grades
revealed that majority of cases (43.3%) were in the no/
slight need of treatment category followed by 30.9% of
the cases that required severe/extreme need for ortho-
dontic treatment, and moderate/borderline need (25.8%)
respectively (Table 1). According to the IOTN-AC grades,
only 17% of the cases fell in the severe/extreme need of
treatment. Most cases were in the no/slight need of treat-
ment (53.9%) followed by moderate/borderline need cat-
egory (29.1%) (Table 2). There were no statistically signifi-
cant gender differences in both the DHC (p=0.116) and AC
grades (p=0.177).

The prevalence of individual malocclusal traits in the
study sample is shown in (Table 3). Crowding was the
most frequent trait (39.7%) followed by increased overjet
(28.4%) and overbite (16.3%). Angle Class | molar relation
was observed in 75.2% followed by 23.4% in Angle class II
and 1.4% in class Ill molar relation, respectively (p=0.256)
(Table 4). Statistically significant difference was only
seen between the genders in the frequency of crowding
(p=0.020). Despite females showing more tendency to in-
creased overjet in comparison to males, the difference was
not significant (p=0.123).

Table 1. Frequency of the dental health component of the IOTN by
gender.

Gender
IOTN DHC
(Grades) Male,N Female,N Total  p-value
(%) (%)

No/Little need 68 54 122
(1-2) (46.6%) (39.7%) (43.3%)
Borderline need 41 32 73
(3) (28.1%) (23.5%) (25.8%) I
Definite need 37 50 87 ;
(4-5) (25.3%) (36.8%) (30.9%)
Total 146 136 282

(51.8%) (48.2%) (100.0%)

Table 2. Frequency of the aesthetic component of the IOTN by
gender.

Gender
IOTN AC I I
(Grades) Male,N Female,N  Total  p-value
(%) (%)
No/Little need 82 70 152
(1-4) (56.2%) (51.5%) (53.9%)
Borderline need 45 37 82
(5-7) (30.8%) (27.2%) (29.1%)
0.177

Definite need 19 29
(8-10) (13.0%) (21.3%) (17.0%)
Total 146 136 282

(51.8%) (48.2%) (100.0%)

Table 3. Distribution of occlusal traits among the study sample.
Percentage values of variables in the table include those registered

only as malocclusion. achi-square test; bFisher’s Exact test *Gender
difference was present only for crowding (p<0.05).

Total Male Female value
n (%) n (%) n©) P
Crowding (>2mm) 112 48 64 0.020%"
(39.7%) (32.9%) (47.1%)
Overjet (>3.5mm) 80 34 46 0.123
(28.4%) (23.3%) (33.8%)
Overbite (>2/3™ 46 25 21 0.736°
overlap) (16.3%) (17.1%) (15.4%)
Anterior crossbite 40 20 20 0.865°
(14.2%) (13.7%) (14.7%)
Anterior spacing 20 8 12 0.354°
(>4mm) (7.1%) (5.5%) (8.8%)
Posterior crossbite 17 (6.0%) 9 (6.2%) 8(5.9%) 1.000°
Anterior open bite 12 (4.3%) 5(3.4%) 7(5.1%) 0.736°

Table 4. Distribution of Angle’s molar relation among the study
sample. *pearson chi-square test.

Gender Class| Class |l Class Il

= *

n (%) n (%) n(e) ~ Pvalue
Rk 115 (78.8%)  30(205%)  1(0.7%)
(n=‘|46) % 0 o 0, b 0
Female

0, 0, 0,

36 97(713%)  36(265%) 3(22%) | oo
i) 212(752%) 66 (234%) 4 (1.4%)
(n=282) o 0 & 0, d 0
Discussion

Children in the age group of 8-9 years are in early mixed
dentition stage during which early intervention is possible
through preventive and/or interceptive orthodontic proce-
dures which could reduce the complexity and cost of the or-
thodontic treatment done at later stages. Index for preven-
tive and Interceptive Orthodontic Needs (IPION) has been
developed and tested to determine the treatment needs
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specifically in mixed dentition. However, studies found that
it has limitations, as it lacks sensitivity, related to choosing
cases specific for preventive or interceptive orthodontics
(17). 10TN was used in the present study as the validity and
reliability of this index has been verified in previous studies
(18-20).

In our study, with regards to IOTN-DHC, about 30.9% of
children have been found to require definite orthodon-
tic treatment need which was higher than that reported
in previous studies conducted in Saudi Arabia (19,20). An-
other study by Alharbi (12) had reported a higher definite
orthodontic treatment need compared to that seen in the
present study. However, results of these studies cannot be
compared to our study as they were conducted in a different
and/or wider range of age group than in our study. To our
knowledge, this is the first study conducted in early mixed
dentition of Saudi children and as such comparison of re-
sults from the present study with those of similar population
group was limited.

Similar to our finding, Steinmassil et al. (7) reported that
30.6% of 8-10-year-old Austrain children were in definite
orthodontic treatment need. Studies conducted in simi-
lar age group from other countries showed comparatively
lower rates of definite need of orthodontic treatment (9,21).
Nur Yilmaz et al. (8) had reported that 45.9% of 7-8-year-old
and 56.9% of 9-10-year-old Turkish children showed definite
orthodontic treatment need which was higher than that re-
ported in our study.

The IOTN-AC score of severe/extreme treatment need
(17%) seen in this study was higher than that reported in
Turkish children from a similar age group but was much
lower than that found in a previous study on Saudi children
by Alharbi (42.94%) (8,12), although the age of the exam-
ined children was different. In the present study, 53.9% of
children did not think they needed orthodontic treatment
as they rated themselves being in IOTN-AC categories 1-4,
despite a substantial score (56.7%) in the IOTN-DHC grade
3 and 4 categories. This was found to be much lower than
that seen in Turkish study (84.5%) conducted on subjects in
similar age group (8). Recent studies on older children from
other regions of Saudi Arabia found that 17.9% of children,
did not express any desire for orthodontic treatment (12).
The differences in these results could be attributed to the
fact that the AC component is based on self-perception of
subjects, whereas the DHC includes objective analysis of
occlusal characteristics of the dentition. Moreover, variable
perception of attractiveness between the patients and cli-
nicians, and those among different cultures or population
groups has been ascribed to high discrepancies in treat-
ment needs between the DHC and AC of IOTN. Furthermore,
variations in study criteria, design and sample selection in
different studies might contribute to conflicting results (22).

There were no statistically significant differences seen
in the present study between the gender and orthodontic
treatment needs which corroborates with most studiesin the
literature. Despite not being a precise indicator of self-evalu-
ation, IOTN-AC can be used to reflect the subjective self-per-
ceived treatment need (23). Furthermore, as school children
may or may not be aware of their clinical malocclusion, stud-
ies on this population group may not reflect the subjective
perception of aesthetics.

Most studies in the literature explored the incidence of
malocclusal traits, whilst the present study focussed on
traits that contributed to the severity of the case. The most
prevalent malocclusal trait recorded in the present study
was crowding (39.7%) followed by increased overjet (28.4%),
which is similar to that seen in previous studies on differ-
ent age groups in Saudi Arabia (12,19), and in other middle
east countries (22,24). Our study presented a slightly higher
value of increased overjet (28.4%) when compared to other
studies in the literature which had reported prevalence rates
ranging between 7.1% to 21.8% in Saudi Arabia (10,19,20).
Contrary to this, elevated rates of 55.12% and 44.6% for in-
creased overjet have been reported in studies on Romanian
and Nigerian children respectively (21,25). Alajlan et al. (20)
in their study on Saudi children found deepbite (16.2%) to
be the most commonly occurring occlusal trait, which is
almost similar to that seen in our study (15.4%). However,
other authors had reported a lower rate of 8.6% of deep-
bite in 8-9-year-old male Saudi children (10). Whilst anterior
crossbite was seen in 14.2% of our sample, most studies in
other regions of Saudi Arabia had showed prevalence values
ranging from 2.80%-11.76% (11,12). On the contrary, studies
by Fatani et al. (9) and Rapeepattana et al. (26) had reported
higher values of 22.3% and 18.98% respectively (9,26).

Majority of authors had reported anterior spacing to have
occurred in the range of 16.1% - 27.2% (19,26). This is in con-
trast to our study where only 7.1% of the sample was found
to have anterior spacing to be considered as malocclusion.
Anterior open bite (4.3%) and posterior crossbite (6%) were
the least common traits recorded in this study which cor-
roborates with the finding of other studies (10-12,19). In the
present study, Angle class | molar relation was the most fre-
quent finding (75.2%), followed by class Il (23.4%) and only
a small percentage of class Il molar relation (1.4%). Another
recent study conducted in 7-12-year-old children of northern
Saudi Arabia reported almost similar results including class |
(70.4%) and Class Il (21.3%) except that Class Il molar relation
(8.3%) showed higher values than in our study (20). Other
studies in children of similar age reported values of 78.7% (9)
and 82.2% (25) for Angle class | molar relation, and between
12.9% (25) and 35.9% (21) for class Il molar relationship. The
frequency for Angle class Ill molar relationship in our study
(1.4%) was lower than most studies reported in the literature
and varies between 2.5% and 7.7% (7,21,25). No Statistical-
ly significant differences between the gender and recorded
malocclusal traits was found, except that the females showed
tendency to more crowding (p=0.020) in the present study.
Variations in the results of the prevalence of malocclusion
traits could be related to differences in ethnicity, criteria of
study design, sample size and age groups under investiga-
tion. In addition, the role of genetic, environmental, and so-
cio-behavioral factors in the development of malocclusion
should be further investigated in Saudi Population.

One limitation was that the present study was an institu-
tion-based one conducted at a single centre, in a specific
age group on a limited sample size which could affect the
generalizability of the findings. During the transition of
mixed dentition to permanent dentition, transient maloc-
clusions might be spontaneously corrected, depending on
the aetiology and severity. Therefore, the final orthodontic
treatment needs in permanent dentition might vary. Early
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orthodontic screening and treatment during mixed denti-
tion period might reduce the need for complex treatment at
later stages and could pose a huge challenge with regard to
implementation and management of resources, especially
in Saudi Arabia, owing to its public health system funding
for orthodontic treatment.

Conclusion

The present study demonstrated that a high percentage of
the 8-9-year-old children were in need of orthodontic treat-
ment need. Crowding and increased overjet were the most
common occlusal traits defining the DHC component. No dif-
ference between the genders was found with regard to DHC
and AC scores. Further research to assess the prevalence of
malocclusion in the mixed dentition and need for early or-
thodontic treatment using larger samples is recommended.
Additionally, emphasis should be placed on establishing ef-
fective policies to prevent the occurrence of malocclusion.

Tiirkge Ozet: 8-9 yas araliginda bulunan Suudi cocuklarda erken kar-
ma dislenme dénemindeki okliizal ézellikler ve ortodontik tedavi ihti-
yaci Amag: Dogu vilayetindeki Suudi ¢ocuklarin okliizal ézellikleri ile
ortodontik tedavi ihtiyacina iliskin epidemiyolojik veriler yetersizdir. Bu
calismaSuudiArabistan'in Dogu bélgesinde bulunan AlAhsa'dayasayan
ve yas araligi 8-9 olan ¢ocuklarin okliizal ézelliklerinin prevalansini ve
ortodontik tedavi ihtiyacini degerlendirmeyi amaglamaktadir. Birey-
ler ve yontem: AlAhsa, Kral Faysal Universitesi Dis Hekimligi Fakiiltesi
dis polikliniklerini ziyaret eden hastalardan rastgele segilen 282 Suudi
cocuk hasta arasinda tanimlayici kesitsel bir ¢calisma ydirtitilmUstir.
Tiim cocuklar Ortodontik Tedavi ihtiyaci indeksi ‘nin (IOTN), DHC ve AC
bilesenleri kullanilarak degerlendirilmistir. Veri analizi igin tanimlayici
istatistikler, ki kare testi ve Fisher’s Exact testi kullanilmis ve istatistiksel
anlamhilik p <0.05 olarak degerlendirilmistir. Bulgular: En sik gértilen
malokluzyon &zellikleri caprasiklik (% 39.7) ve ardindan artmis over-
jet (% 28.4) olarak tespit edilmistir. Cocuklarin yaklasik % 30.9'u ve %
17'sinde IOTN'nin sirasiyla DHC ve AC'sine gdre ortodontik tedaviye kes-
in olarak ihtiya¢ duyuldugu tespit edilmistir. Cinsiyetler arasindaki DHC
(p=0.116) ve AC (p = 0.177) puanlarinin dagihminda istatistiksel olarak
anlamli bir fark bulunmamustir. Sonug: Bu ¢alismada, Dogu bélgesinde
yasayan ve yas araligi 8-9 olan ¢ocuklarin, karma dislenme déneminde
malokluzyona sahip olduklari ve ortodontik tedaviye yliksek oranda ih-
tiya¢ duyduklan tespit edilmistir. Dis gelisiminin karma dislenme doéne-
minde, erken ortodontik tarama ve tedaviye nem verilmesi gerektigi
vurgulanmistir. Anahtar Kelimeler: Cocuklar, ortodontik tedavi ihtiyag
indeksi, malokliizyon, karisik dislenme, prevalans
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Evaluation of flexural properties and dynamic mechanical
analysis of glass fiber-reinforced polyamide resin

Purpose

The aim of this study was to evaluate flexural strength, elastic modulus and dynamic
mechanical analysis (DMA) of heat-polymerized polymethyl methacrylate resin,
polyamide resin and glass fiber-reinforced polyamide resin.

Materials and Methods

Three groups were determined according to denture base materials as polymethyl
methacrylate resin (H), polyamide resin (P) and glass fiber reinforced polyamide
resin (R). Sixteen specimens for each denture base material were prepared with
dimensions of 64x10x3.3 mm for three-point bending test. Two specimens for each
denture base material were prepared with dimensions of 30x10x3 mm for DMA.
Polymethyl methacrylate and polyamide specimens were prepared according to
the manufacturer’s recommendations. The silane was applied to glass fibers (4.5
mm length) 2% by weight of the polyamide resin, they were placed in polyamide
resin cartilages and injected to the mold. The thermal aging procedure was applied
to half of specimens of each material (n=8). Flexural strength and elastic modulus
of the specimens were determined by three-point bending test at a speed of 5 mm/
min. DMA was performed to 1 specimen from each group to evaluate viscoelastic
properties. Data were analyzed with one-way ANOVA, Tukey and Paired t tests.

Results

A statistically significant difference was found in flexural strength and elastic
modulus values of denture base materials (p=0.00). The highest flexural strength
and elastic modulus values were observed in polymethyl methacrylate group.
There was no significant difference between polyamide and glass-fiber reinforced
polyamide groups (p=0.497). No significant difference was determined in all three-
denture base materials before and after aging procedure.

Conclusion
The reinforcement with glass-fibers did not affect the flexural strength and elastic
modulus of polyamide resin.

Keywords: Polyamide resin, flexural strength, DMA, strengthening, glass fiber

Introduction

Polymethyl methacrylate (PMMA) resins have been widely used in re-
movable prosthetic restorations. They have some advantages such as
easy manipulation, aesthetic appearance, low water absorption and sol-
ubility, compatibility with oral tissues and polishability (1,2). However,
polymerization shrinkage, low impact strength, low fatigue resistance
and residual monomer content are significant disadvantages (3,4). Metal
substructures, which are used to increase durability of the PMMA, may
cause allergenic reactions as a result of corrosion. Also, the metal clasps
affect aesthetic appearance (5). Different methods have been developed
to overcome these disadvantages such as; adding filling materials to rein-
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force of resins, chemical modifications of polymer with copo-
lymerization and cross-linking of resin materials, producing
new materials with different polymerization technics (6-8).
Strengthening materials such as glass fiber, aramid fiber,
nanodiamond powder, zirconium oxide, aluminum oxide,
halloysite nanotubes, metal wires and carbon nanotubes
can be added to denture base in order to increase fatigue
resistance and fracture resistance of the prosthetic base ma-
terials (9-17). However, the most effective reinforcement
is yet to be determined (18). The glass fiber-reinforcement
have showed promising results in previous studies (9,19,20).

Injection molding technique has been developed to im-
prove the physical properties of denture base resins (21).
Injection molding technique decreases polymerization
shrinkage and improve dimensional stability of the resins
compared to compression-molding technique (22-24). Poly-
amide resin is one of the materials prepared with this tech-
nique and it can be used safely in patients who are allergic
to metal or resin monomers (25). Polyamide resin has higher
elasticity than PMMA, and it can be preferred in the pres-
ence of tissue undercuts which cannot be corrected by sur-
gical operations (26,27). However, the flexibility of denture
base may lead to permanent deformation in the prosthesis
during mastication and, resorption of underlying bone struc-
ture due to the vertical stress that occurs from deformation
(17). Nakamura et al. (9) stated that flexible resins must be
strengthened, and glass fiber can be used to increase flexur-
al strength of polyamide.

The glass fiber, which was developed to reinforce the poly-
amide resin material, was used in this study. Its purpose was
to evaluate flexural strength, elastic modulus and dynamic
mechanical analysis of PMMA, polyamide resin and glass fi-
ber-reinforced polyamide resin before and after thermocy-
cling procedure. The first null hypothesis was that the glass
fiber-reinforcement would affect the flexural properties of
the polyamide resin and the second null hypothesis was that
there would not be any difference between flexural strength
values of denture base materials before and after thermocy-
cling procedure.

Materials and methods
Material selection

One PMMA (Meliodent; Heraeus-Kulzer GmbH, Wehrheim,
Germany) and one polyamide resin (Deflex; Nuxen SRL, Bue-
nos Aires, Argentina) were selected. E-glass fibers (PA2(D);
Sisecam, istanbul, Turkey) were added to reinforce of poly-
amide resin. Three groups were determined according to
denture base materials as PMMA (H), polyamide resin (P) and
glass fiber reinforced polyamide resin (R).

Fabrication of specimens

Forty-eight flexural strength test specimens were prepared
in accordance with I1SO 20795-1:2013 with dimensions of
64x10x3.3 mm (16 specimens for each denture base mate-
rial) (28). For dynamic mechanical analysis, 2 specimens for
each denture base material were prepared with dimensions
of 30x10x3 mm. For dimensions standardization, metal molds
were fabricated. Wax specimens were produced by using metal

molds, they were embedded in the cast molds and removed.
Separating agent was applied on the cast molds and the molds
were left to dry. For PMMA specimens, the powder and liquid
(35 gr: 14 ml, powder: liquid) were mixed with a spatula and
then the resin was inserted in the cast molds. The cast molds
were placed in boiling water and the heat source were switched
off for 15 min. Then the specimens were polymerized in boiling
water for 20 min according to the manufacturer’s recommenda-
tion (29). The cast molds were allowed to cool at room tempera-
ture. For the polyamide resin specimens, the polyamide resins
in the cartridges were heated to a temperature of 280°C for 15
minutes and were injected to the cast molds with a 6-bar for 30
seconds. E-glass fibers with a diameter of 11 p, which were cut
into length of 4.5 mm by manufacturer, were selected. For each
specimen, glass fibers were 2% by weight of the polyamide
resin. The E-glass fibers were weighed and the silane (Ultradent
Silane; Ultradent Products Inc., South Jordan, USA) was applied
to the E-glass fibers. The silanized E-glass fibers were placed in
the polyamide resin cartridges and mixed thoroughly. The car-
tridges were heated to a temperature of 280°C for 15 minutes
and the polyamide resins were injected to the cast molds with a
bar injection pressure for 30 seconds. All of the specimens were
straightened by using a diamond burr and were smoothed by
using 600-grit silicon carbide paper. After polishing procedure,
the dimensions of specimens were measured with digital mi-
crometer. The specimens were stored in water at 37°C for 24
hours before thermocycling procedure. The artificial aging pro-
cedure was applied to half of specimens of each material and 2
subgroups were determined. (n=8).

Thermocycling procedure

The artificial aging procedure was performed on half of
specimens of each material with the thermal cycling de-
vice (SD Mechatronik Thermocycler; SD Mechatronik GMBH,
Feldkirchen-Westerham, Germany) for 5000 cycles from 5°C
to 50°C temperatures with 60 seconds waiting time.

Flexural strength test

The specimens were placed in a universal test machine
(Lloyd LRX; Lloyd Instruments Ltd., Fareham, Hampshire, UK)
with a 50 mm interface and subjected to three-point bend-
ing test at a speed of 5 mm/min until fracture or maximum
deflection occurred to determine of the flexural strength
(MPa) and the elastic modulus (GPa) of the specimens. The
flexural strength was calculated using the formula 3Fl/2bh?,
where F is the maximum fracture load (N), | is the distance
between the supports (mm), b is the width of the speci-
men (mm), h is the height of the specimen (mm). The elastic
modulus (GPa) was calculated according to the formula F1,1
/4bh3d, where F1 is the load at a point in the straight-line
portion of the load/deflection graph (N), | is the distance be-
tween the supports (mm), b is the width of the specimen
(mm), h is the height of the specimen (mm), d is the deflec-
tion (mm) at load F1.

Scanning electron microscope (SEM) examination

One specimen of glass fiber reinforced polyamide was frac-
tured in liquid nitrogen and the fractured surface was stud-
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ied under a scanning electron microscope (SEM) (JEOL JSM
6060LV, Noran Instruments, Japan) after gold sputtering to
describe glass fiber distribution and fiber-resin connection.

Dynamic Mechanical Analysis

The dynamical mechanical analysis (DMA) was performed
to evaluate viscoelastic properties of PMMA, polyamide res-
in and glass fiber reinforced polyamide resin materials. The
temperature range of DMA (Q800; TA Instruments, New Cas-
tle, USA) was from 20°C to 200°C with 5°C/min heat rate.

Statistical analysis

The mean flexural strength and elastic modulus values were
calculated by using SPSS statistical software package pro-
gram (SPSS version 24.0 software; SPSS, Chicago, IL, USA). Sha-
piro-Wilk test was performed to evaluate the normally distri-
bution of the data and the data showed a normal distribution.
Parametric tests were used. Data were analyzed by one-way
ANOVA test to study the difference among the denture base
materials (P<0.05). Tukey test was applied for pairwise com-
parisons of the groups and paired t test was used to decide
the effect of the thermocycling procedure on denture base
materials. Level of significance was set at P<0.05.

Results

The mean values and standard deviations of flexural
strength of denture base materials before and after aging pro-
cedure are listed in Table 1. Both before and after thermocy-
cling procedure, the flexural strength values of H groups were
significantly higher than P and R groups (P=0.000) (Table 2),
however it was observed that there was no significant differ-
ence between P and R groups. The mean values and standard
deviations of elastic modulus of denture base materials are
shown in Table 3. The comparison of elastic modulus values
of the denture materials was revealed that there was a signifi-
cant difference between groups (P=0.000) (Table 4) and the H
group had higher values than P and R groups.

The paired t test, which used to evaluate the effect of ar-
tificial aging on flexural strength of denture base materials,
revealed that there was no significant difference between
denture materials before and after thermocycling (Group H,
P=0.049; Group P, P=0.554; Group R, P=0.922). Similarly, the
aging procedure did not effect of elastic modulus of denture
base materials (Group H, P=0.549; Group P, P=0.267; Group
R, P=0.321). During the flexural test, all of the PMMA speci-
mens on H groups were fractured. Besides, none of the spec-
imens of P and R groups were fractured and during the test
but they detached from the supporting clamps. Therefore,
flexural yield strength values of P and R groups were consid-
ered as flexural strength.

SEM images of the fractured surface of glass fiber rein-
forced polyamide specimen are shown in Figure 1 and Figure
2.The glass fibers were not distributed uniformly in polyam-
ide resin and some fibers were bunched together in some
areas (Figure 1). Cohesive type failure was detected between
glass fiber and polyamide, and the hole of detached fiber
was seen at x2000 magnification (Figure 2).

Storage modulus (E') and tan delta of groups before and af-

ter aging procedure are presented in Figure 3, Figure 4, Figure
5 and Figure 6 respectively. The glass transition temperatures
for the PMMA, polyamide resin and glass fiber-reinforced
polyamide resin were found 144.5°C, 134.26°C and 134.22°C
respectively (Table 5). After thermocycling procedure, the
glass transition temperature decreased for each denture base
material. Both before and after thermocycling procedure the
form of polyamide resin and glass fiber-reinforced polyamide
resin specimens were distorted permanently (Figure 7).
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Figure 1. Fractured surface of glass fiber reinforced polyamide resin

specimen under SEM (x150 magnification).

S ol S ol o A

Figure 2. Fractured surface of glass fiber reinforced polyamide resin
specimen under SEM (x2000 magnification).
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Figure 3. Storage modulus of the groups before aging procedure.
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Table 3. Elastic modulus values of the groups (GPa).
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Figure 7. The specimens after DMA.

P: Polyamide, R: Glass fiber reinforced polyamide. *One way ANOVA
Test*p<0.001, *Tukey Test **p<0.05, “Paired t Test***p<0.05).
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Table 4. One-way ANOVA analysis of elastic modulus values of the
groups before and after aging.
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Between 47656 2 23828 55745  0.000
Groups
Within Groups  8.976 21 0.427
Total 56.632 23
After aging
B
etween 71471 2 35735 43068  0.000
Groups
Within Groups  17.424 21 0.83
Total 88.895 23

Table 5. The glass transition temperatures of denture base materials
before and after thermocycling procedure.

Group Before aging After aging
H 144.53°C 138.40°C
P 134.26°C 132.26°C
R 134.22°C 130.79°C

(H: Heat-polymerized polymethyl methacrylate, P: Polyamide, R: Glass fiber
reinforced polyamide).

Discussion

This in vitro study demonstrated that the PMMA had high-
er flexural strength and elastic modulus values than the
polyamide resin and glass fiber-reinforced polyamide res-
in. PMMA has been the most commonly used material for
removable prosthodontics and polyamide is an alternative.
The glass fiber, which were used in current study, has been
developed for the reinforcement of polyamide material. The
study was planned to determine the effect of this glass fiber
on flexural properties of polyamide but, at the same time,
the reinforced polyamide was compared with PMMA to de-
cide whether it can replace the PMMA.The reinforcement of
polyamide resin decreased the flexural strength and elastic
modulus values but there was no statistically significant dif-
ference between them. So, these results were rejected the
first null hypotheses of this study that the reinforcement
would affect the flexural properties of polyamide resin ma-
terial. Besides, the results confirmed the second null hypoth-
esis that no significant difference would occur between flex-
ural properties of denture base materials before and after
thermocycling procedure.

Denture base materials are subjected to various forces
such as compression and shear during mastication. Me-
chanical properties of denture base resins are often evalu-
ated with flexural strength, modulus of elasticity and impact
strength (17,30-33). These tests have been approved to im-
itate the natural forces acting on the prosthesis in oral en-
vironment (34). Flexural strength is the ability of a material
to oppose the deformation under load and represents the

highest stress encountered within the material at fracture
moment (35). The denture base must have suitable rigidity
to distribute the forces over the dental arch equally. Also, the
flexibility of material is important for energy absorption in
case of dropping the denture (8). According to ISO 20795-
1:2013, flexural strength of denture base materials should be
no less than 65 MPa and flexural modulus no less than 2 GPa
(28). In the present study, both flexural strength and elas-
tic modulus of each denture base materials were consistent
with the specified I1SO standards.

Even though PMMA is the most preferred denture base ma-
terial, flexible resins were introduced by manufacturers as an
alternative for constructing complete and partial removable
dentures (36). Polyamide resin is usually indicated in patients
who have allergy to methyl methacrylate monomer and re-
tention problems due to certain degree of undercuts (25,27).
The major connector of the removable denture should have
enough rigidity to distribution of the chewing force and low
flexural modulus of denture base material is an important dis-
advantage (6,7). Ucar et al. (8) reported that polyamide may
be used for an alternative material for construction of com-
plete dentures but not for removable partial dentures.

The denture base materials can be strengthened to prevent
fractures which is a common complication. There are some
studies that have evaluated the effect of reinforcement of
PMMA with different materials, but the those on the reinforce-
ment of polyamide resin are scarce (7,9-17,33). In a previous
study, the rigidity of dentures made of polyamide, polyester
and conventional heat-polymerized PMMA were compared,
and it was concluded that the polyamide, which has low elas-
ticity, needed to be reinforced with metal frames (37). Soygun
et al. (32) evaluated transverse strength of polyamide, PMMA
and reinforced PMMA with different esthetic fibers Polyamide
denture base material had higher transverse strength than
PMMA and fiber-added groups. Also, no fracture occurred
in polyamide specimens. They reported that the polyamide
provided better energy absorption due to chemical structure
properties. Sasaki et al. (17) compared the flexural strength
of three different injection-molded thermoplastic denture
base resins (polyamide, polyester, polycarbonate) with PMMA
They reinforced the denture base materials with using glass
fiber-reinforced composite and metal wire. It was stated
that the glass fiber-reinforced composite was effective for
polyamide and PMMA resins. In the present study, the glass
fibers were used for reinforcement of polyamide resin. Glass
fiber-reinforced polyamide specimens had lower values than
polyamide specimens for both flexural strength and elastic
modulus, but the results were not significant. The elastic stiff-
ness of E-glass fibers does not change during heat treatments,
but the mechanical strength of the material might be affected
by the distribution of fibers inside the matrix (38,39). When
the reinforced specimens were prepared, the glass fibers were
placed in the polyamide resin cartridges and the resin mate-
rials were injected with pressure to the mold. Consequently,
the distribution of the fibers in the polyamide were uncon-
trolled. This result of the present study might be attributed to
the non-homogeneous distribution of glass fibers in the ma-
terial (Figure 1).

Liquid nitrogen was applied to the reinforced polyamide
specimen to fracture owing to the fact that none of the rein-
forced polyamide specimens were fractured during flexural
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strength test. The SEM image of the fracture surface of the
specimen was shown that the fibers stuck out from poly-
amide and the fibers showed resistance to fracture (Figure
2). Even though, silan application is an effective method to
provide bonding between fiber and polymer matrix, the
bonding depends on the mechanical retention caused by
polymerization shrinkage of polymer and roughness of fi-
bers (40,41). Therefore, the adhesive type failure could have
been observed between fibers and polyamide material.

Thermocycling procedure is an application for testing the
long-term clinical use of dental materials and it is based on
the temperature changes in the oral environment between
5°C-55°C due to the different types of nutrition (42). After
aging procedure, the preservation of physical and mechan-
ical properties of an ideal dental material is important but
distance between the polymer chains may extend as a re-
sult of heat changes and the material may absorb water
(42). So, water immersion causes water molecules to act
as plasticizer in the polymer structure and unpolymerized
PMMA can be dissolved by cyclic temperature changes
(43). Takahashi et al. (44). stated that thermocycling sig-
nificantly decreased flexural strength and elastic modulus
of one polyamide (Valplast), but it increased same proper-
ties of the other polyamide (Lucitone FRS) This result could
be explained with differences in physical properties and
composition of different polyamides used in industry. In
another study, the effect of thermocycling with different
thermal cycles on polyamide and PMMA denture base res-
ins was evaluated and it was concluded that there was no
significant difference between flexural strengths of each
group (42). In the present study, specimens were subjected
to 5000 cycles to imitate the clinical function of 6 months
approximately (45). In contrast to the literature, thermocy-
cling procedure did not change the flexural strength and
elastic modulus of groups significantly.

DMA, which is commonly studied to describe the me-
chanical behaviors of polymers and polymer composites, is
a technique that oscillating force is applied to a specimen
and analyzing the material’s response to that force (46). Tg
(glass transition temperature) value can be determined by
DMA. The Tg represents a major transition for many poly-
mers and physical properties of material change strongly
as the material turns from a hard glassy to a rubbery state
(47). In the present study, the glass transition temperatures
of PMMA, polyamide resin and glass fiber-reinforced poly-
amide resin were found as 144.53°C, 134.26°C and 134.22°C
respectively. The Tg values are high because both the PMMA
and the polyamide are amorphous materials (30,48-50). De-
crease in the glass transition temperatures of materials after
thermocycling shows that the mechanical properties of den-
ture base materials may be affected at mouth temperatures
ranging between 5°C and 55°C.

The clinical significances of the study are that the polyam-
ide resin must be reinforced, and the temperature changes
during clinical usage can be affect the flexural properties
and durability of the denture base. There are some limita-
tions in the present study. Only one reinforced material was
tested for polyamide resin and only flexural strength, elastic
modulus and DMA were tested. The properties of reinforced
polyamide with different concentrations of E-glass fibers can
be further evaluated. In vitro studies which investigate the

different physicomechanical properties of polyamide resins
reinforced with different materials would be helpful to pro-
vide case-specific solutions.

Conclusion

The PMMA had higher flexural strength and elastic mod-
ulus than polyamide resin and glass fiber-reinforced poly-
amide resin. Using the glass fiber for reinforcement of
polyamide resin did not affect flexural strength and elastic
modulus of the material. The thermocycling procedure did
not change the flexural properties of the denture base ma-
terials. According to DMA, polyamide resins are more likely
to deform than PMMA resins do.

Tiirkce Ozet: Cam Fiber ile Giiclendirilmis Poliamid Rezinin Biikilme
Ozelliklerinin ve Dinamik Mekanik Analizinin Degerlendirilmesi. Amag:
Bu ¢alismanin amaci, is1 ile polimerize polimetilmetakrilat rezin, poli-
amid rezin ve cam fiberle gliglendirilmis poliamid rezin materyallerinin
blikiilme dayanimi, elastik modiiliisii ve dinamik mekanik analizinin
(DMA) degerlendirilmesidir. Gereg ve yontem: Calismada, dental kaide
materyallerine gére; polimetil metakrilat resin (H), poliamid rezin (P)
ve cam fiberle gli¢lendirilmis poliamid rezin (R) olmak (izere 3 grup
belirlendi. Her bir kaide materyalinden, 3 nokta blikiilme testi icin
64x10x3,3 mm boyutlarinda 16 drnek, dinamik mekanik analiz i¢in
30x10x3 mm boyutlarinda 2 6rnek hazirlandi. Polimetil metakrilat ve
poliamid érnekler firma énerileri dogrultusunda hazirlandi. Poliamid
rezinin agirliginin %2'si kadar 4.5 mm uzunluktaki cam fiberlere silan
uygulandi, Cam fiberler poliamid rezin kartilaj icerisine yerlestirildi ve
kaliplara enjekte edildi. Her bir materyalin érneklerinin yarisina termal
yaslandirma islemi uygulandi (n=8). Orneklerin biikiilme dayanimi ve
elastik modiiliisii 5 mm/min hizda (i¢ nokta biikiilme testi ile belirlendi.
Viskoelastik ozellikleri degerlendirmek icin her gruptan 1 érnege DMA
yapildi. Verilerin analizinde one-way ANOVA, Tukey ve Paired t testleri
kullanildi. Bulgular: Protez kaide materyallerinin biikiilme dayanimi
ve elastik modliiliis dederleri arasinda istatistiksel olarak anlamli fark
bulundu (P<0.05). En yliksek biikiilme dayanimi ve elastik modiiliis
degerleri polimetilmetakrilat grubunda gézlendi. Poliamid ve cam fi-
berle giiclendirilmis poliamid gruplar arasinda istatistiksel olarak fark
tespit edilmedi (P=0.497). Her li¢ kaide materyalinde yaslandirma islemi
oncesi ve sonrasi degerlerde anlamli fark gérilmedi. Sonug: Cam fiber
poliamid rezinin biikiilme dayanimini ve elastik modiiliisiinii degistir-
medi. Anahtar kelimeler: Poliamid rezin, biikiilme dayanimi, dinamik
mekanik analiz, gliclendirme, cam fiber.
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Perceptions of dental students towards online education

during the COVID-19 pandemic

Purpose

This study evaluated the usage habits, attitudes, and perceptions of undergraduate
dental students toward distance (online) learning and identified variables related
to those attitudes.

Materials and Methods

The study included 1,605 undergraduate dental students who participated
voluntarily. The data collection tool consisted of a distance learning attitude
scale, a questionnaire on personal information, and open-ended questions. The
perceptions of dental students to distance education according to the year and
type of dental school they attended were evaluated.

Results

Most students expressed that distance learning in dental courses was not as
effective as traditional face-to-face education (59.1%, n=949). While students
studying at state universities had a more negative view of distance education, the
satisfaction scores of the first-year students were found to be significantly lower
than the other students (p < 0.05).

Conclusion

Dental students were generally unhappy with the interruption of traditional
education caused by COVID-19 and having to continue their education online.
However, under the circumstances, they saw it as an advantage allowing them to
continue their education and avoid a complete suspension.

Keywords: COVID-19, survey, distance education, online education, undergraduate
student

Introduction

Distance education is a teaching method transmitted via certain cen-
ters and depends on individuals’ self-learning goals, educational content,
and tools specially designed for learners in myriad environments. Physi-
cally, it is a planned form of teaching in which students do not need to
be in a specific place; students and teachers keep in touch synchronously
or asynchronously via communication technologies with the help of the
internet environment (1). Synchronic or asynchronous technologies for
online education include websites, podcasts, mobile applications, blogs,
discussion boards, internet forums, interactive online tutorials, video con-
ference technology, and virtual learning management systems (2). In dis-
tance education, each student learns at their own pace with quick and
easy access to the materials. It affords the opportunity to acquire an edu-
cation and eliminates many expenses, such as transportation and accom-
modations at a learning institution (1). Another advantage of distance
learning is that it can provide students with “easier and more effective
access to a wider variety and greater quantity of information” (3). The jus-
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tification presented by Mattheos et al. (4) that information
technologies (e-learning, distance learning, simulations,
computer-based assessment) are compatible with dental
education is that dental technology incorporates hardware
and software applications. Currently, information technolo-
gies are being used in patient management software, digital
X-ray, and so forth in dental practice (5).

Generation Z is classified as the people who were born
in the mid-1990s and growing up in the early 2000s. They
are mainly characterized by their addiction to computers
and other technologies in general. Today’s dental school stu-
dents, part of the Z generation, have been growing up with
the Internet, cell phones, laptops, iPads, tablets, and other
electronic devices, which became part of their daily lives
(6). Online learning is the education they expect to receive,
but this does not mean that they are expected to receive
it through mobile devices and distance education (7). It is
important to understand their perspectives, attitudes, and
opinions on distance education.

When the World Health Organization (WHO) declar-
ing COVID-19 as a pandemic in March 2020, the situation
was carefully monitored in our country. In Turkey, the first
COVID-19 case was identified on March 11, 2020; conse-
quently, primary, secondary, and higher education were sus-
pended on March 16, 2020. Turkey’s Council of Higher Ed-
ucation (CoHE) announced on March 23, 2020, that online
education would be at the forefront of education due to the
pandemic. This extraordinary experience led individuals un-
able to take advantage of the unexpected upheaval in the
education system to seek alternative forms of education.
Many teachers and students had to adapt to this system,
called the “education system of the future,” which they had
not experienced before.

As far as we know, while there are many studies in the
literature on distance education, there is a shortage of in-
formation about the effectiveness of distance education in
dentistry. Therefore, this cross-sectional study aimed to eval-
uate the effectiveness of distance education from dental
students’ perspectives to emphasize the areas of weakness-
es and strengths within the dental schools of Turkey. It was
presumed that this information might be helpful to advance
distance (online) education for undergraduates across the
whole country. The null hypothesis was that online distance
education is perceived as effective as the traditional meth-
ods of learning in dental schools.

Materials and Methods
Ethical statement

This project has been reviewed and approved by the Eth-
ical Committee of Bezmialem Vakif University (06/108) on
May 5, 2020.

Sample size estimation and post-hoc power

The minimum number of participants required was deter-
mined by an a priori power analysis using the software pack-
age, GPower 3.1. In order to detect an effect size of Cohen’s
d = 0.5 with 95% power (alpha = 0.05, two-tailed), GPower
suggests we would need 210 participants in an independent

samples t-test. However, 1,605 students who answered the
web-based survey completely during the survey applica-
tion period were included to increase the reliability of the
findings. The post hoc power analysis revealed the statistical
power for this study was 1.00 (%100).

Study population

Currently, there are 65 dental schools at 13 private and 52
state universities in Turkey. However, at the time of the sur-
vey, only 33 dental schools continued their learning activi-
ties with distance education. An invitation was sent to the
associate deans for student affairs of the dental schools. Of
the 33 dental schools, 13 (8 state universities, 5 foundation
universities) agreed to participate in the survey. In Turkey,
the dental education curriculum starts with theoretical ed-
ucation and continues with a clinical program in the third
year’s spring semester until graduation. As determined by
the CoHE, practical classroom instruction was suspend-
ed, and the recommendation to teach theoretical lessons
using digital platforms in the format of distance learning
was promptly followed by dental schools during the spring
semester. The survey was launched at the time we expe-
rienced the first peak period of the pandemic in Turkey.
Undergraduate students in dental schools had completed
their theoretical courses with distance (online) education
activities during the spring semester. Between May 10 and
20, 2020, questionnaires were distributed to all first, sec-
ond, third, fourth-, and fifth-year undergraduate students
in dental schools who had access to their dental theoretical
training from home.

Study design and data collection

An observational, cross-sectional survey design was used
to collect information at a given time (8). The data collec-
tion tool consisted of three parts: a questionnaire on stu-
dents’ information, a distance education attitude scale, and
open-ended questions. Personal information questions
were prepared by the researchers based on previous re-
search in the literature and contained 16 questions regard-
ing the respondents’ demographic information (gender,
type of university, and current year) and mobile technology
usage habits (availability of electronic devices, time spent
using the internet, etc.) in general (7,9, 10).

Distance education attitude scale

This scale was developed by Celik (11) as a five-point,
Likert-type scoring instrument consisting of 21 items. The
higher the score, the more positive the respondent’s attitude
is toward distance education. Factor analysis was applied to
determine the sub-dimensions of the “attitude scale” within
the scope of the Validity-Reliability. Cronbach’s alpha coef-
ficients were calculated within the scope of reliability anal-
ysis of the scale questions. The statistical significance level
(a) was taken as 5% in calculations. Cronbach’s Alpha value
for “attitude scale questions” was found to be 0.881 (88.1%)
(11). Accordingly, the Cronbach’s Alpha value of these scale
questions exceeding 75% indicates that the reliability of
these questions (items) is high. The five optional responses
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for each question include: 5 = strongly agree, 4 = agree, 3 =
undecided, 2 = disagree, and 1 = strongly disagree.

Opinions of distance education

This part of the questionnaire consists of three open-ended
questions that the researchers of this study generated. While
choosing a response was not obligatory, the aim was to gath-
er the students’ general views about distance learning (What
are the positive aspects of distance education? What are the
negative aspects of distance education? What are your sug-
gestions for improvement of distance education?)

Respondents voluntarily consented to take part in the
questionnaire and were assured that their answers would
be recorded and stored anonymously. They were provided a
standardized informed-consent document defining the aim
of the study, and the questions were transferred to Google
Forms (Google Inc., Mountain View, CA, USA). A web link to
the questionnaire was sent by e-mail to full-time lecturers
at 23 dental schools to act as contacts, and announcements
were disseminated through student communication groups,
especially via WhatsApp (WhatsApp Inc., Mountain View, CA,
USA) and via student notice boards located in the faculty.
The contact people distributed the web link to students will-
ing to participate. A consent form was on the first page of
the online questionnaire, which provided prospective par-
ticipants more detail about the study and obtained their
consent to participate. Data collected were stored in a se-
cure database only accessible to the researchers. The data
collection process lasted for 10 days. In order to increase
participation in the study, announcements were repeated
several times during the data collection period. Incomplete
questionnaires were excluded to preserve the accuracy of
the analysis.

Statistical analysis

Statistical analyzes were performed using Statistical Pack-
age for the Social Sciences (SPSS) 22.0 (IBM Corp., Armonk,
NY, USA). While continuous variables were presented as me-
dian, categorical variables were described in frequencies
and percentages. The Shapiro-Wilk normality test was used
to determine the normal distribution; as the data were not
normally distributed, minus the descriptive statistical meth-
ods (mean, standard deviation, frequency), the Kruskal-Wal-
lis test was conducted to compare the parameters between
the year of school, and Dunn’s test was used to determine
the group that caused the difference. The Mann-Whitney
U test was used for comparisons between state and private
universities. A value of p < 0.05 was considered statistically
significant. In order to handle any missing data, the direct
deletion method was used. All surveys with invalid data
were discarded from further analysis, and statistical analysis
was conducted on the basis of a complete dataset.

Results
Personal information

The study was conducted with the participation of 1,605
dental students. The demographic data showed a gender

distribution of 1,048 females (65.3%) and 557 males (34.7%).
Of the participants, 62.5% (n = 1,003) were studying at state
universities and 37.5% (n = 602) at private universities; 16.8%
(n = 269) were in their first year, 21.6% (n = 346) were in
their second, 27.4% (n = 440) were in their third, 20.8% (n =
334) were in their fourth, and 13.5% (n = 216) were in their
fifth year. The distribution of demographic characteristics of
the students is shown in Table 1.

Distance education attitude scale

Table 2 shows the distribution of students’answers on the
distance education attitude scale. Unsurprisingly, the vast
majority prefer face-to-face learning over online distance
education when the technological conditions at home are
at a level adequate to meet distance education standards.
The responses of undergraduate dental students on the dis-
tance education attitude scale in relation to the type of den-
tal school attended are shown in Figure 1. Statistically sig-
nificant differences were found between state and private
universities on questions 17, 23, 24, 25, 26, 27, 29, 30, 31, 32,
33,36,and 37 (p < 0.05).

The responses of undergraduate dental students on the
distance education attitude scale according to the year of
the dental school are shown in Table 3. There were statisti-
cally significant differences in all questions except questions
19, 22,30, and 31 (p <0.05).

Opinions of distance education

Students were asked to specify the positive and negative
aspects of distance education and any suggestions for im-
provement of the system. Table 4 shows representative com-
ments given. Suggestions for improving distance education
can be summarized as follows: use videos or live demonstra-
tions instead of PowerPoint slides to present information in
a more understandable way; make the lectures interactive
and synchronous; limit the duration of the lectures to 30
minutes; and provide training on the system used by the
lecturers (each demonstrating a standard lecture).

Discussion

This investigation revealed a negative attitude toward
online education among different dental school students
during the COVID-19 pandemic in Turkey. According to the
results of our study, our null hypothesis was rejected. While
before the pandemic, most students (67.2%, n=1,079) spent
1-3 hours daily on the internet, this period increased to 4-6
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Figure 1. Responses of undergraduate dental students to distance
education attitude scale in relation to the type of dental school attended
(Mann Whitney U Test, *p<0.05).
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Table 1. Personal information of dental students. Table 1. Continue.
n % n %

State university 1003 62.5
University (Q2)

Private university 602 375

Mobile phone 510 31.8
Connection to online  Tablet computer/ 329 20.5
courses (Q4) Ipad

Laptop 766 47.7

None 9 0.6
1 830 517
Number of computers 2 479 29.8
at home (Q6) 3 222 13.8
4 43 2.7
5 or more 22 1.4

Do you have your own  Yes 1197 74.6
study room? (Q8) No 408 254

2GB 177 11
Internet package limit 4GB 294 18.3
of mobile phone (GB)
Q10) 6 GB 400 249
10+ GB 734 45.8

None 148 9.2
Before this period, how
many hours a day did 1-3 1079 67.2
you spend time on the 4-6 320 19.9
screen? (Q12) 7:10 39 24
More than 10 hours 19 1.2

20-30 539 33.6
How many minutes 30-40 622 388
should online lessons 40-50 305 19
be? (Q14) 50-60 13 7

More than 1 hour 26 1.6

The suitability of the Not suitable 187 11.6
environment where the
lectures are listened

Suitable 1418 88.4

and studied for distance
education (Q16)

hours (41.5%, n=666) during the pandemic. Similarly, a study
conducted in Wuhan showed that people spent excessive
time on social media during the pandemic (12). The fact that
individuals stay home due to social isolation increased in-
ternet usage. In this period, more time than expected was
spent online; individuals began experiencing excessive anx-
iety (uneasiness, anger, aggression, etc.) when they were not
using the Internet. After school closures, the transfer of edu-
cation to digital media and confining social life to the home
have greatly increased the use of the internet and social me-
dia. Clearly, the use of smart devices increased compared to
the pre-pandemic period.

Given the rapid spread of COVID-19 and the increase in
countries imposing movement restrictions, spending more
time in our daily lives at home requires more data use for
work and entertainment. This has had a significant impact
on the telecom industry. Although there are risks of encoun-
tering internet connection problems, there has been an in-
creasing interest in distance education and teleconferenc-
ing applications. The demand for software and social media
platforms, such as Google Hangouts (Google Inc., Mountain
View, CA, USA), WhatsApp video calls, Zoom (Zoom Video
Communications, Inc., San Jose, CA, USA), and Microsoft
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Table 2. Distribution of responses to distance education attitude scale.

Strongly disagree Disagree Undecided Agree Strongly agree

| find distance education more efficient than

() 9 9 0 ()
face-to-face learning (Q18) 650 (%40.5) 299 (%18.6) 250 (%15.6) 190 (%11.8) 216 (%13.5)

Distance education is the education model

() 9 9 0 ()
of the future (Q20) 560 (%34.9) 256 (%16) 263 (%16.4) 252 (%15.7) 274 (%17.1)

| prefer online (simultaneous) distance
education compared to offline distance 272 (%16.9) 214 (%13.3) 311 (%19.4) 290 (%18.1) 518 (%32.3)
education (Q22)

| find distance education unnecessary (Q24) 577 (%36) 353 (%22) 342 (%21.3) 119 (%7.4) 214 (%13.3)

| can focus on distance education courses

(Q26) 449 (%28) 342 (%21.3) 333 (%20.7) 278 (%17.3) 203 (%12.6)

| prefer distance education to face-to-face

0 0 0 0 0
learning (Q28) 731 (%45.5) 263 (%16.4) 209 (%13) 166 (%10.3) 236 (%14.7)

Whether or not there is an infrastructure
for distance education will be an effective 178 (%11.1) 173 (%10.8) 372 (%23.2) 473 (%29.5) 409 (%25.5)
criterion in future school preferences (Q30)

My university provides all the support we
need during the distance education process 394 (%24.5) 339 (%21.1) 426 (%26.5) 273 (%17) 173 (%10.8)
(Q32)

I think a lot is expected from students in the

0 0 0 9 ()
distance education process (Q34) 118 (%7.4) 221 (%13.8) 438 (%27.3) 335(%20.9) 493 (%30.7)

Instructors can motivate me for distance

. 375 (%23.4) 352 (%21.9) 484 (%30.2) 271 (%16.9) 123 (%7.7)
education courses (Q36)

Teams (Microsoft Corporation, Redmond, Washington), has  demic. The top three (and most frequently used) internet
increased accordingly (13-19). Distance education as much ~ communication platforms by dental schools for online edu-
as possible continued uninterruptedly in universities in cation in Turkey were Adobe Connect (Adobe Inc., CA, USA;
which face-to-face education was interrupted by the pan- 33.6%), Microsoft Teams (16.8%), and Perculus (Advancity,
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Table 3. Responses to distance education attitude scale according to the year of the school. Kruskal Wallis Test *p<0.05.

1st year 2nd year 3rd year 4th year 5th year
Mean£SD Mean£SD MeanzSD MeanzSD Mean£SD P
(median) (median) (median) (median) (median)
Q17 2.08+1.26 (2) 2.55+1.31 (2) 2.85+1.38 (3) 2.93+1.3(3) 3+1.4(3) 0,000*
Q18 1.84+1.25(1) 2.25+1.42 (2) 2.52+1.48 (2) 2.66+1.45 (2.5) 2.62+1.45(2) 0,000*
Q19 3.49+1.41 (4) 3.51+1.4 (4) 3.4+1.4 (4) 3.24+1.39(3) 3.42+1.35 (4) 0.069
Q20 2.23+1.43(2) 241+1.43(2) 2.78+1.52 (3) 291+£1.51 (3) 2.83+1.53(3) 0.000*
Q21 2.79+1.46 (3) 2.9+1.41 (3) 3.09+1.37 (3) 3.24+1.38 (3) 3.02+1.42 (3) 0.001*
Q22 3.2+1.53(3) 3.43+1.47 (4) 3.35£1.47 (4) 3.32+1.44(3) 3.47+1.42 (4) 0.276
Q23 3.51+1.39 (4) 3.19+£1.44 (3) 2.89+1.45 (3) 2.88+1.46 (3) 2.86%1.36 (3) 0.000*
Q24 2.84+1.49 (3) 2.54+1.4 (2) 2.26+£1.32(2) 2.2+1.3(2) 2.24+1.32(2) 0.000*
Q25 1.81£1.22 (1) 2.13+1.35(2) 2.17+£1.31 (2) 2.3+£1.31(2) 2.24+1.26 (2) 0.000*
Q26 2.18+1.3(2) 2.53+1.36 (2) 2.71£1.4(3) 2.87+1.33(3) 3+1.35(3) 0.000*
Q27 2.26+1.25 (2) 2.8+1.34 (3) 3.05+1.39 (3) 3.22+1.28 (3) 3.18+1.31 (3) 0.000*
Q28 1.83+1.3 (1) 2.2+1.45(1.5) 241+1.52(2) 2.57+£1.5(2) 2.57+1.54(2) 0.000*
Q29 3.15£1.36 (3) 3.52+1.3 (4) 3.57+1.21 (4) 3.76£1.1 (4) 3.9£1.13 (4) 0.000*
Q30 3.5+1.31 (4) 3.6+1.25 (4) 3.4+1.29 (4) 3.44+1.27 (4) 3.46+1.28 (4) 0.278
Q31 3.42+1.44 (4) 3.62+1.36 (4) 3.6+1.34 (4) 3.56+1.27 (4) 3.74+1.24 (4) 0.214
Q32 2.39+1.23(2) 2.61+1.39(3) 2.76+1.28 (3) 2.73£1.24(3) 2.93+1.31(3) 0.000*
Q33 3.41+1.32 (3) 3.61+1.26 (4) 3.78+1.22 (4) 3.93+1.16 (4) 3.96+1.1 (4) 0.000*
Q34 3.8+1.28 (4) 3.75+1.19 (4) 3.49+1.27 (4) 3.47+£1.24(3) 3.07+£1.19(3) 0.000*
Q35 3.12+1.08 (3) 3.27+1.13 (3) 3.43+1.07 (3) 3.4+1.1(3) 3.33+1.14 (3) 0.002*
Q36 2.17+£1.17 (2) 245+1.21(2) 2.76+1.21 (3) 2.84+1.18 (3) 2.94+1.21 (3) 0.000*
Q37 2.67+1.19 (3) 2.95+1.28 (3) 3.15+1.19 (3) 3.13£1.18 (3) 3.29+1.26 (3) 0.000*

Istanbul, Turkey; 11.2%). As an alternative to face-to-face
training interrupted by COVID-19, Yuen (20) and Telli (21)
reported that many software programs are used in all uni-
versities around the world for e-learning, such as Zoom.
Mobile learning is a growing trend in dental education, as
students prefer smartphones and iPad/computer tablets.
The ratio of students connecting to online courses with a
cell phone (31.8%) was lower than that for connecting with
a laptop (47.7%), although nearly all the students (93.3%)
had (mobile) internet data packages. Mobile learning has
also been used to access lessons, as there is no computer or
laptop at home. Or it may have shifted from having a single
computer as a work or learning environment for more than
one person at home to mobile learning. The size of the cell
phone is much more convenient for students than laptops,
but the screen view is considerably reduced. This may have
influenced their preference for computers with better image
and sound qualities when participating in online courses.
Smartphones and laptops were shown to be popular devic-
es in our study and in a study by Khatoon (7). Another study
showed strong interest in using the iPad/tablet for future
coursework (22).

While coronavirus affects many areas of life, it has caused
universities to complete the current year with distance edu-
cation. Distance education is generally considered the best
solution during the current pandemic; however, the lack of
internet and computers is one of the most significant prob-
lems faced by students (23). In Turkey, roughly 7.5 million

students are studying at the undergraduate level in 207
higher education institutions, with 28,941 students enrolled
in dental schools (CoHE Information Management System).
According to data from the CoHE, 123 of the 207 universi-
ties in Turkey have a Distance Education Application and
Research Center. While some universities prepared their pro-
grams and started distance education on March 23, others
are switching to this education system. There is no single
method of distance education for universities at present un-
der these extraordinary conditions. Universities use differ-
ent methods according to available infrastructure and the
number of students; some provide simultaneous distance
education while others share the course content they have
uploaded to the system. However, these methods cover only
theoretical lessons. For courses that require practice, the
intention is to offer compensation courses in the summer
months after the outbreak ends. (24) As dental education
requires intensive clinical practice apart from serious theo-
retical education, this deficiency is causing inevitable anxi-
ety among students (25). In our study, most dental students
(45.9%, n = 737) expressed the opinion that the distance ed-
ucation model is not an adequate substitute and is not as
effective as face-to-face education (59.1%, n = 949). The rea-
son students think is possibly due to their views on dental
education, which is comprised of both theoretical and prac-
tical components. Jordan et al. (13) likewise reported that in-
teractive, standard didactic education is more effective than
asynchronous online education. However, other studies in
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Table 4. Representative comments by students about positive and

negative aspects of distance (online) education.

Positive Comments Negative Comments

| can concentrate much better since
listening to lessons in the home
environment is more comfortable
than in the classroom.

My concentration
deteriorates when there is
a connection problem on
the Internet

When the lessons are
explained asynchronous,
we cannot ask the
sections that we do not
understand because

we cannot participate
actively.

I don't have to wake up early to
attend the courses

If the lesson duration is
longer than 30 minutes,
my concentration
deteriorates because |
constantly look at the
computer screen

Less waste of time and less tired

Since some trainers

do not have sufficient
infrastructure about the
system, there may be a
waste of time in lecturing.

Thanks to the course contents and
videos uploaded to the system, | can
open the lessons and listen again if
something is stuck in my mind

I find it very successful to plan and
implement the Distance education
system in a short time.

Only theoretical training
can be done with online
training. Our clinical
training is incomplete

the literature report that dental students have generally pos-
itive attitudes toward online learning (26-30). Interpreting
these responses as positive feedback would be a natural re-
action due to the use of distance education as an emergen-
cy solution during the pandemic period. The reason for the
difference between the two studies is that dental students
require an adequate physical setting and psychomotor skills
during their academic years, which cannot be replaced with
distance learning, as is currently being conducted during
the COVID-19 pandemic (31). Besides, in these studies, the
online learning modules were integrated with face-to-face
learning, while in the present study, learning was entirely
performed via distance learning (i.e., full online). It was pre-
viously reported that full online learning leads to a lost sense
of reality and learning mostly depends on the dental stu-
dents’ commitment to the courses (32).

Internet difficulties are among the most important prob-
lems faced by students thus far in the scope of distance edu-
cation (33). It has been noted that students’ internet quotas
are insufficient, as video education requires downloading
course materials from time to time. In this process, which be-
came compulsory due to the COVID-19 pandemic, it became
crucial to determine whether the infrastructure of each uni-
versity, the content of the education, the ability of the ed-
ucators to use this technology, and the students’ access to
the courses are compatible. Some foundation universities
in Turkey have stated that they will contribute hardware
or internet access to their students. However, because pro-
viding such support for students in public universities with

their limited budgets may not be feasible, the perspectives
of students in state universities may differ from those study-
ing in private universities. Our findings revealed that dental
students at state universities have more negative thoughts
about distance education.

Although the technical operation of the system is un-
problematic, the necessary interaction required during in-
tensive theoretical lessons may be somewhat restricted.
Although most participants (59.1%, n = 949) in our study
reported having the technological infrastructure to carry
out distance education courses in their homes, more than
half (54%) expressed that distance education should be
done only when in-class education cannot be provided or
to support it. In this study, the preference for online learn-
ing was influenced by the year of study. Among students
who preferred distance online learning, the percentage of
senior students was significantly higher than the young stu-
dents. The highest rate of negative feedback to the question
“l think distance education is a good education model” was
from first-year students. However, studies conducted by
Sritongthaworn et al. (34) and Teo et al. (35) reported that
younger students tend to adapt to e-learning. The reason
may be that younger students have difficulty following and
understanding online lessons because they have not yet ac-
quired enough background knowledge in the field.

This study provides valuable data on undergraduate den-
tal students in Turkey. However, there may be differences
among the various schools in the country. Therefore, the
authors are developing a country-wide study with more par-
ticipants to examine differences between online and tradi-
tional curricula by assessing both undergraduate students’
and educators’ opinions to achieve more meaningful results.
Given the fact that the pandemic may take longer, it is as-
sumed that Augmented Reality/Virtual Reality technology
will play a dominant role in the future development of den-
tal education. An educational model can be developed to
cover various teaching interests, including digital dental ed-
ucation, Web-based knowledge transfers and digital surface
mapping, dental simulator motor skills including 10S, and
specialized technologies such as digital radiography.

In this study, only the perspectives of students regard-
ing online education were evaluated. Comparing students’
opinions with those of educators will help fill in the gaps of a
thorough evaluation of distance education, as it seems likely
to continue in the future. Also, this investigation is limited to
23 dental schools and 1605 dental students, a broader sam-
ple including more dental schools with a greater number
of dental students is desirable.

Conclusion

Within the limitations of this study, it can be concluded
that distance (online) education is commonly used by dental
schools during the pandemic period, and students’ attitudes
toward the use of distance learning are not positive.

Tiirkce Ozet: Dis hekimligi égrencilerinin Covid-19 pandemisi siire-
cinde cevrimigi egitim ile égrenmeye iliskin algi durumlari Amag: Bu
calismanin amaci, dishekimligi lisans égrencilerinin uzaktan (cevrimici)
6grenmeye yénelik kullanim aliskanhklarini, tutumlarini ve algilarini
degerlendirmek ve bu tutumlarla ilgili degiskenleri belirlemektir. Gereg
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ve Yontem: Calismaya goniillii olarak katilan 1,605 dishekimligi lisans
6grencisi dahil edildi. Veri toplama araci olarak uzaktan dgrenme
tutum dlgegi, kisisel bilgilerle ilgili bir anket ve agik uglu sorulardan
olusturuldu. Dishekimligi 6grencilerinin devam ettikleri yillara ve
dishekimligi fakiiltesinin tiiriine gére uzaktan egitime yénelik algilan
degerlendirildi. Bulgular: Ogrencilerin codu tarafindan, dishekimligi
derslerinde uzaktan egitimin geleneksel yliz yiize egitim kadar etkili ol-
madigi ifade edildi. (% 59.1, n = 949). Devlet (niversitelerinde okuyan
6grenciler uzaktan egitime daha olumsuz bakarken, birinci sinif dgren-
cilerinin memnuniyet puanlari diger égrencilere gére anlamli derecede
diisiik bulundu (p <0.05). Sonug: Dishekimligi égrencileri, COVID-19
pandemisine bagli olarak geleneksel egitimin kesintiye ugramasindan
ve egitimlerine cevrimici olarak devam etmek zorunda kalmaktan genel
olarak memnun degillerdi. Ancak, bu kosullar altinda cevrimici egitimi,
egitimin tamamen askiya alinmadan devam etmesine imkan saglayan
bir avantaj olarak gérdiiler. Anahtar Kelimeler: COVID-19, anket, uzak-
tan egitim, cevrimici egitim, lisans 6grencisi
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The effects of Biofreeze and superficial heat on masticatory

myofascial pain syndrome

Purpose

This study aims to assess the influence of superficial heat and Biofreeze on pain,
mouth opening (mm), and quality of life in patients with masticatory myofascial
pain syndrome (MPS).

Materials and Methods

52 patients with MPS were included in the study. They were randomly divided into
two groups. Patients in the Biofreeze group (n = 26) applied 3.5% menthol gel to the
masseter and temporal muscles twice a day for seven days, while the other group
applied superficial heat. Baseline, 7, and 21% days of VAS, mouth opening (mm),
and Oral Health Impact Profile-14 (OHIP-14) scores of the patients were evaluated
statistically.

Results

The mouth opening increased by 4.27 + 3.80 mm in the Biofreeze group and 2.58
+ 2.16 mm in the superficial heat group. In each group, a significant decrease in
VAS and OHIP-14 scores was observed on the 7" day compared to the baseline
values (p<0.001). There was no statistically significant difference between the two
applications on myofascial pain, mouth opening (mm), and OHIP-14 total score
variables. The favorable effects of both applications on these parameters were
limited to the duration of use.

Conclusion

Biofreeze and superficial heat in MPS were found to increase the quality of life, but
the limited effectiveness of these applications underlines the importance of the
underlying factors.

Keywords: Myofascial pain, myofascial pain syndromes, myofascial trigger point pain,
menthol, referred pain

Introduction

Masticatory myofascial pain syndrome (MPS) is characterized by the
presence of trigger points that cause local and referred pain in associated
structures, such as the teeth and temporomandibular joint (TMJ) (1). Pre-
viously, myofascial trigger points were detected in 55.4% of patients who
presented to dental clinics for the treatment of chronic head and neck
pain, highlighting the wide distribution of MPS (2). Clinically, the restric-
tion of mandibular movements secondary to pain, facial asymmetry, dif-
ficulty speaking, vertigo, and tinnitus are common symptoms (3).Several
factors, such as sudden muscle loading or chronic injury due to recurrent
microtraumas, genetic factors, and stress, contribute to MPS develop-
ment (4). Treatment strategies aim to relieve pain by inactivating trigger
points, relieving local muscle spasms, normalizing the muscle length, and
improving functional capacity (5). Local anesthetic/botulinum toxin injec-
tions, acupuncture, transcutaneous electrical nerve stimulation (TENS),
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ultrasound, superficial heat, massage, cold compression ap-
plied to the trigger point, and pharmacological agents are
frequently preferred treatment methods (5).

Superficial heat is widely used to increase blood pressure
and tissue perfusion as well as to reduce neuropathic pain
and joint stiffness (6). It can be applied at home using a va-
riety of methods. This is one of the advantages of superficial
heat, which makes it a commonly preferred treatment ap-
proach for MPS (6,7). However, the use of alternative agents
to relieve pain has become increasingly popular (8,9). Men-
thol, one of the primary active ingredients in Biofreeze, has
been shown to control pain through the stimulation of cold
receptors within the opioid or glutamate systems (10). Un-
like traditional cold applications, Biofreeze exerts cryother-
apeutic effects by blocking sodium channels, which creates
a cooling sensation without actively decreasing overall skin
temperature, increasing the topical analgesic effects of
menthol (11,12). Menthol reduces blood flow and causes
vasoconstriction, similar to the outcome observed with ice
application (13). However, the isopropyl alcohol and glyc-
erin contained in Biofreeze have also been shown to exert
vasodilation effects (14,15). Due to the contradictory nature
of these substances, we aimed to investigate the effects of
Biofreeze on MPS. To our best knowledge, no previous stud-
ies have explored the effects of superficial heat and Biofreeze
on the outcomes of pain, mouth opening (measured in mm),
and quality of life among patients with MPS. Therefore, we
have tested the null hypothesis that no statistically signifi-
cant difference would be found between Biofreeze and su-
perficial heat in terms of inhibiting the pain associated with
MPS by preventing the formation of trigger points. This study
also aimed to determine the short and long-term effects of
these two applications when used in patients with MPS.

Materials and Methods
Ethical statement

The research was approved by the Local Ethics Committee
(N0:2015/118), and all participants signed a consent form
before the start of the study. The study was carried out com-
patible with the Declaration of Helsinki.

Sample size estimation

A priori power analysis was performed based on the re-
peated measures ANOVA with three-time points using the
software G*power version 3.1.9.4 (18). A sample size of 52 was
found to be adequate to detect a difference in terms of the
effect size of f= 0.25 with 80% statistical power at a = 0.05.

Patient selection

A total of 52 patients (45 females and 7 males) who were
diagnosed with MPS and have no history of occlusal splint
usage were included in the study. The patients were divid-
ed into 2 groups: the first group received Biofreeze (n=26)
while the second one superficial heat treatment (n=26). The
inclusion criteria were chronic unilateral pain longer than 3
months and referred pain distributed from myofascial trig-
ger points in the masseter and temporalis muscles to the

face, mouth, or TMJ. These inclusion criteria for MPS are
consistent with the guidelines of the American Academy of
Orofacial Pain and the Research Diagnostic Criteria for TMD
(RDC/ TMD) (7). In clinical examination, any tooth or max-
illofacial lesions that could be the source of the pain were
excluded. Radiographic imaging of the temporomandibular
joint was performed to rule out disc displacement, effusion,
degenerative disorders. Patients with trigeminal neuralgia,
head and neck inflammation, endocrine diseases, and those
using oral contraceptive drugs, and those with skin lesions
(scar tissue, skin graft) on the treatment area were excluded
from the study. The presence of hard, palpable nodules in
the masseter and temporalis muscles, indicating the active
myofascial trigger points, was the common feature of all pa-
tients in this study. By bilateral manual palpation, pain in the
muscles was recorded using the visual analog scale (VAS).

Administration of Biofreeze and superficial heat

The patients were divided into two groups randomly. In
the Biofreeze group, the patients applied 3.5% menthol gel
to the masseter and temporal muscles twice a day for seven
days. Patients were informed about the correct application of
Biofreeze gel and a marked applicator strip was given to each
patient to apply with a standard dose. Patients were told
to massage the area with circular movements for about 30
seconds to 1 minute to allow the Biofreeze gel to penetrate
under the skin. The remaining half of the patients applied
superficial heat to the painful muscle areas twice a day for
seven days. In this study, superficial moist heat application
was done with a towel soaked in hot water (212° F). In this
group, each cycle was repeated for 10 minutes and paused
for 5 minutes. After three 10-minute heat cycles, with two
5-minute pauses, the superficial heat application took 40
minutes. Since the adipose tissue on the face is not as dense
as the other tissues of the body, 5-minute pauses were given
to ensure tissue safety against the rapidly rising heat. No ap-
plication was applied to all patients after the 7" day.

Recording of the clinical data

VAS, mouth opening (mm), and Oral Health Impact Pro-
file-14 (OHIP-14) scores of the patients were compared at
baseline, 7™, and 21t days. The unassisted (mandibular)
opening without pain and maximum assisted (mandibular)
opening of the patients were measured using a millimeter
ruler between the edges of the upper and lower middle in-
cisors. The current study assessed the patients’ functional
limitation, physical pain, psychological discomfort, physical/
psychological/social incapacity, and social disadvantage
with the OHIP-14 and compare the effects of these two ap-
plications at baseline, 7%, and 21t days. The OHIP, originally
consisting of 49 questions, uses the World Health Organi-
zation (WHO) International Classification of Impairments,
Disabilities and Handicaps framework (16). However, OHIP-
14 is a shorter, patient-friendly version and consists of 14
questions. The previously validated Turkish translation of
the OHIP-14 scale was used in this study. This scale scored
between “0” and “4". An increase in the OHIP-14 score indi-
cates the severity of the current problem and a decline in
quality of life (17).
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Statistical analysis

Data was evaluated by using Statistical Package for Social
Science (SPSS Statistics for Windows, Version 25.0 Armonk,
NY: IBM Corp, USA). The effects of the two different appli-
cations on the unassisted (mandibular) opening without
pain and maximum assisted (mandibular) opening, VAS, and
OHIP-14 score over time were compared with two-way re-
peated-measures ANOVA. The differences between the time
points for each treatment group were further evaluated
using the one-way repeated measures ANOVA followed by
Bonferroni post-hoc multiple comparison tests. The confi-
dence interval was set to 95% and p values less than 0.05
were considered statistically significant.

Results

A total of 52 patients with MPS (86.5 % females, 13.5 %
males; age range: 18-50 years; mean age: 36.75+10.47) were
included in this study. There were no differences between
treatment groups in terms of age and gender (Table 1). There
were no statistically significant differences between Biof-
reeze and superficial heat group for all of the four param-
eters (VAS, OHIP-14, the unassisted (mandibular) opening
without pain, and maximum assisted (mandibular) opening)
(Table 2). However, the favorable effects of both applications
on these four parameters continued only during the usage
periods (p<0.001, observed power=1.000).

For each treatment group, a significant difference be-
tween the unassisted (mandibular) opening without pain,
maximum assisted (mandibular) opening, VAS, and OHIP-14
scores, and usage periods was observed (Table 3).

Table 1. Comparison of the two groups in terms of age and gender.

t-test and Fisher’s exact text; sd: standard deviation; p: population
correlation coefficient; n: sample size.

Total Biofreeze Superficial

(n=52) (n=26) heat (n=26)
ags‘:"’)mea" 367541047 37.35+10.64 36.15+1047 0.686
Gender, n (%)
Male 7(13.5) 24(92.3) 21(80.8) 0419
Female 45 (86.5) 2(7.7) 5(19.2)

On the 7™ day, the unassisted (mandibular) opening with-
out pain and maximum assisted (mandibular) opening were
statistically significant compared to baseline (p<0.001). On
the 21t day, the unassisted (mandibular) opening without
pain, and maximum assisted (mandibular) opening signifi-
cantly reduced compared to the 7 day after treatment,
but they were not statistically significant from the baseline

Table 2. Results of the two-way repeated-measures ANOVA for the
unassisted (mandibular) opening without pain, maximum assisted
(mandibular) opening, VAS, and OHIP-14 scores. VAS: visual analog
scale; df: degrees of freedom; F: F value (the ratio of the model mean

square to the error mean square); OHIP-14: The Oral Health Impact
Profile-14; “Greenhouse-Geisser corrected p-values were used due to
the violation of sphericity assumption; Bold p-value indicates
statistically significant effect at a=0.05.

Type Il Sum of
Squares
df
Mean Square
F
pa
Observed
Power

The unassisted (mandibular) opening without pain
Treatment 1853 1000 1853 0025 0875 0053

Time 380.667 1363 279.265 63.024 <0.001 1.000

Timex Treatment

. . 21128 1299  16.262 2.937 0.087  0.320
interaction

Maximum assisted (mandibular) opening
Treatment 3692 1.000 3692 0037 0849 0054
251551 1496 168181 34219

Time <0.001  1.000

Timex Treatment

interaction 35.808 1443 24821 4206 0054  0.563
VAS

Treatment 20103  1.000 20.103 1578 0221  0.227
Time 328551 1.186 276.910 238435 <0.001 1.000

Timex Treatment
0782 1332 0587 0.907 0376  0.244

interaction

OHIP-14 Score

Treatment 1641 1.000  1.641 0013 0912  0.051
Time 9520.192 1.209 7874.080 51.146 <0.001  1.000

Timex Treatment

. . 222936 1.514 147282 5024  0.018 0812
interaction

Table 3. Comparison of the long and short-term effects of Biofreeze and Superficial heat groups. VAS: visual analog scale; OHIP-14: The Oral

Health Impact Profile-14; n: sample size; mean+SD%*: Same superscript letters indicate a statistically significant difference between the periods

based on the Bonferroni post-hoc tests.

Biofreeze (n=26)

Superficial heat (n=26)

Baseline 7th day 21stday Baseline 7th day 21st day
The unassisted (mandibular) 3127+550a  3554+549ab  31.65+4.95b  32.15+498a  3473+4.9%b  32.23+4.95b
opening without pain
?;;‘:\?;‘;m assisted (mandibulan) 30 (o c930 3065+661ab  363546.06b 363145702  3804+552ab  36.38+5.68b
VAS 6.58+2.04a 3.65+1.65ab 6.62+2.04b  731+178a  4.19+1.36ab 7.50+1.86b
OHIP-14 Score 3923+7.80a  3035+7.40ab  51.5049.17ab 41.88+9.53a  31.35+891ab  48.46+13.32ab
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values for each treatment group. After 7 days, the mouth
opening increased by 4.27 + 3.80 mm in the Biofreeze group
and 2.58 £ 2.16 mm in the superficial heat group. In each
group, a significant reduction in VAS and OHIP-14 scores
was observed on the 7" day compared to the baseline val-
ues (p<0.001). Additionally, the 21t day of VAS and OHIP-
14 scores increased significantly compared to the 7" day
(p<0.001).

Discussion

This study represents the influence of superficial heat and
Biofreeze on myofascial pain, mouth opening (measured in
mm), and oral health-related quality of life among patients
with MPS. The prevalence of myofascial pain was predom-
inantly identified in young women in the present study.
Consistent with this result, myofascial pain has been most
commonly reported among individuals aged 30-49 years
and occurs twice as frequently in women as in men (19,20).
Ligament laxity, subluxation, posture disorders, and psychic
factors are considered to serve as predisposing factors for
the development of MPS (2). However, Brennum et al. (21)
have postulated that women are more sensitive to pain
than men, although no correlation has been found between
age and pain perception. Treatment recommendations for
MPS range from rest, nonsteroidal anti-inflammatory drugs
(NSAIDs), and oral splints to more aggressive and irreversible
treatments (22-24). Occlusal splints can change the muscle
activity patterns and the positioning of the temporoman-
dibular joint by increasing the vertical dimension of the
mouth (25). Hot-cold packs and jaw exercises are consid-
ered self-care therapy, and these approaches can reduce
parafunctional jaw activities, relieve pain, and improve the
range of motion by relaxing the muscles (26-28). Truelove et
al. (29) stated that oral splint therapy did not provide any ad-
vantage over self-care therapy, such as thermal packs, stress
reduction, NSAIDs, and jaw relaxation techniques. Therefore,
in the present study, we aimed to evaluate the long-term oc-
clusal splint needs of patients who used two basic treatment
approaches. Therefore, only patients with MPS who did not
use occlusal splints were included in this study.

Heat application, which is preferred for the treatment of
myofascial pain, increases metabolism and facilitates circu-
lation by dilating the blood vessels, resulting in increased
catabolism, the excretion of lactic acid, and the removal
of uric acid and other acidic waste products from muscle
cells (30,31). Due to these mechanisms, heat application is
thought to reduce fatigue and the signs of aging and pro-
duce an analgesic effect on the musculoskeletal system (31).
The effects of heat application are not limited to the treat-
ment of neck and back pain, with beneficial effects described
for reducing knee pain, temporomandibular joint pain, and
delaying exercise-related muscle pain (6,32,33). Chabal et
al. (34) reported that the analgesic effects of a single one
30-minute thermal application lasted for 2 hours after the
application was completed. The principles of thermodynam-
ics suggest that moist heat is more effective than dry heat
due to the interactions between molecules (34,35). For this
reason, moist heat using a towel soaked in hot water was
the preferred method used in our study, with the goal of re-
ducing muscle tension and increasing the size of the mouth

opening by providing flexibility to collagen structures, such
as tendons, ligaments, joint capsules (6,36,37). A previous
study reported that trigger points are inactivated for up to
72 hours by the application of only moist heat, without the
need for additional treatment (38). In addition, heat wraps
have been found to have more effective analgesic proper-
ties than ibuprofen or acetaminophen (39). In patients with
acute temporomandibular disorder, the mouth opening was
increased by 3.5 to 9 mm following the application of super-
ficial moist heat (6). In our study, an increase of 2.58 + 2.16
mm was found following superficial heat application.

The use of thermotherapy for the treatment of temporo-
mandibular disorders and neuromuscular disorders has
been described in previous studies, but few studies have
addressed the amount and or changes in temperature used
in the methodology (6,40-43). In these studies, the daily ap-
plication dose and duration of the heat applications often
vary (6,40-43). Previous studies have indicated that pain
relief was achieved with a minimum of 20 minutes of heat
application (6,40-43). Based on these results, a total of 30
minutes of superficial moist heat, applied once per day, was
the preferred approach used in our study, and we found
significant improvements in the size of the mouth opening
among patients with myofascial pain. However, the patients’
acceptance of heat- or cold-based treatments for pain re-
lief may vary. Brandt reported that 60% of participants di-
agnosed with rheumatoid arthritis (RA) and osteoarthritis
(OA) expressed a preference for heat-based treatments for
their aching joints, whereas 20% expressed a preference for
cold-based applications (44). Cold-based applications exert
analgesic effects by increasing the pain threshold and sup-
pressing inflammation (45).

The primary component of the Biofreeze application used
in this study is menthol. When menthol is applied to the skin, a
cooling effect is mediated through TRPM8 (transient receptor
potential cation channel subfamily M [melastatin] member
8), which can prevent inflammatory pain (46,47). TRPMS, also
referred to as the menthol receptor, has also been detected
in gingiva and incisive papilla (46-48). The wide distribution
of menthol receptors throughout oral and craniofacial struc-
tures can also result in the topical analgesic effect being medi-
ated through interactions with the dense neural network that
isembedded in the dermal-epidermal junction of the skin and
mucosa (49,50). It acts as a dose-dependent skin vasodilator,
acting through nitric oxide, RhoA/Rho-kinase, and endothe-
lium-derived hyperpolarizing factor (EDHF)-based mecha-
nisms, which can increase cutaneous blood flow (51,52). In-
creasing attention has been paid to the therapeutic efficacy
of menthol for the treatment of neuropathic pain syndromes,
which is accompanied by hyperalgesia and allodynia (53). The
current study showed an increase in the mouth opening size
among patients during the Biofreeze application.

Fibromyalgia (FM) and MPS are the most common types
of chronic musculoskeletal pain, reported to affect 80% of
the general population (54). Whereas MPS is a regional pain
condition that can be managed using conservative interven-
tions, FM is a more complex pain condition, often requiring
a multidisciplinary treatment approach, in addition to con-
servative measures (55,56). The etiology of FB is unknown,
whereas MPS has been linked to local injuries and repetitive
microtraumas (54). FB is classified as a chronic form of myal-
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gia and bilateral, generalized muscle tenderness that lasts
at least 3 months (54). In MPS, pain can also persist for more
than three months, originating from the trigger point and
excessively irritable nodules that respond to palpation (54).
MPS affects the social functioning and physical/psycho-
logical health of the affected individual person and results
in loss of workdays and the increased need for healthcare
(57). Acute MPS is likely to be localized and can heal sponta-
neously or through the use of simple therapeutic strategies
(heat or cold application, physical therapy, dry needling, or
injection with a local anesthetic). However, MPS can also oc-
cur intermittently due to an underlying structural and envi-
ronmental stimulus that cannot be corrected (58).

Conclusion

Biofreeze and superficial heat were both found to increase
the quality of life, but the limited effectiveness of these ap-
plications emphasizes the importance of the underlying
structural, postural, and ergonomic factors which should be
treated appropriately to control myofascial pain and to pre-
vent recurrence.

Tiirkce Ozet: Biofreeze ve yiizeyel 1sinin mastikatér miyofasiyal agr
sendromuna (MAS) etkisi. Amag: Bu calisma, MAS'li hastalarda yiizeysel
1s1 ve Biofreeze'in agri, agiz agikligi (mm) ve yasam kalitesi lizerindeki
etkisini degerlendirmeyi amaclamaktadir. Gereg ve Yontem: Calismaya
dabhil edilen MAS' olan 52 hasta, ylizeysel isi ve Biofreeze uygulamasi
yapilmak lizere rastgele iki gruba ayrildi. Biofreeze grubundaki hastalar
(n=26) glinde iki kez olmak lizere yedi giin boyunca masseter ve tempo-
ral kaslarina % 3.5 mentol jeli uygularken, diger grup yiizeyel isi uyguladi.
Hastalarin baslangig, 7. ve 21. giin VAS, agiz acikhigi (mm) ve Agiz Saghigi
Etki Profili-14 (OHIP-14) skorlari SPSS ile degerlendirildi. Bulgular: Agiz
agikhgi, Biofreeze uygulanan grupta 4,27 + 3,80 mm, ytizeysel isi uygu-
lanan grupta 2,58 + 2,16 mm artmistir. Her grupta baslangi¢ degerlerine
gore 7. glinde VAS ve OHIP-14 skorlarinda anlamli azalma g6zlenmistir
(p <0.001). Miyofasiyal agri, agiz agikligi (mm) ve OHIP-14 skorlarinda
iki uygulama arasinda istatistiksel olarak anlamli fark yoktur (p> 0.05).
Her iki uygulamanin bu parametreler lizerindeki olumlu etkileri sadece
kullanim sdireleri ile sinirli kalmustir. Sonug: Bu ¢alismada, Biofreeze ve
ytizeysel isinin MPS'deki etkileri analiz edilmistir. Her iki uygulamanin da
yasam kalitesini artirdigi bulunmustur, ancak bu uygulamalarin sinirl
etkinligi altta yatan faktérlerin diizeltilmesinin énemine dikkat ¢cekme-
ktedir. Anahtar Kelimeler: Miyofasiyal agri, miyofasiyal agr sendromlari,
miyofasiyal agri tetik noktasi, mentol, yansiyan agri
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Comparison of efficacy and pain perception using 0.5%
Bupivacaine and 2% Lidocaine in periodontal Surgery -

A split mouth randomized clinical trial

Purpose

To evaluate the effectiveness of bupivacaine and lidocaine local anesthesia on the
intra-surgical and post-surgical pain control in patients undergoing periodontal
flap surgery.

Materials and Methods

A randomized, single-blind, split-mouth design was employed in patients who
are scheduled for periodontal flap surgery for at least two similar sextants with
similar anesthetic techniques. Fifty patients (age range 16-65 years, 32 males
and 28 females) enrolled in the present study. On one-site, the flap surgery was
performed using 2% lidocaine with 1:200000 epinephrine and on the other
with 0.5% bupivacaine with 1:200000 epinephrine. Base line clinical parameters,
probing pocket depth, clinical attachment level were recorded. Pain during intra
operative period, at the time of loss of numbness and for three consecutive days
was measured using visual analog scale (VAS).

Results

Significant differences were observed between the two groups in the intra operative
pain scores (p=0.0045) and pain scores at the time of loss of numbness (p=0.0005)
but not at the 1st, 2nd and 3rd day after the surgery.

Conclusion

Bupivacaine was markedy more effective than the lidocaine. Thus the usage of
bupivacaine can be substantiated for periodontal surgeries for the control of pain
in the intra operative and immediate post-operative period to increase patients’
comfort.

Keywords: Bupivacaine, Lidocaine, long acting local anesthetics, pain control,
periodontal flap surgery

Introduction

Pain is a highly personalized and unpleasant state accompanying
tissue damage as a result of an adequate stimulus. It is a construct in-
cluding an individual’s past experiences, learned responses, and expec-
tations in addition to species specific physiologic responses. Pain can
also become a reason for stress and it is mandatory to eliminate this
unpleasant feeling (1,2).

Fear of pain has been associated with the dental treatment since ages.
Effective control of pain during dental procedures has been one of the
most important pre-requisite of painless dentistry. Many dental proce-
dures are often painful, lengthy and can cause major discomfort. In con-
trast to non-surgical treatments, surgery produces significantly more
post-operative discomfort (3). Pain from surgical incision and tissue ma-
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nipulation occurs immediately, but gives way to inflamma-
tory cell recruitment to the injured area over the course of
several hours (4). This contributes to sensitization, which
results in prolonged episodes of pain. Selection of local an-
esthesia during surgery will minimize the use of analgesics
and provide more patient compliance (5).

Periodontal surgeries are one of the most common sur-
gical dental procedures used for the management of peri-
odontal disease. Periodontal disease is a chronic inflamma-
tory condition that resulrs in an often-painless destruction
of tooth supporting tissues (6). On the other hand, peri-
odontal therapy, particularly those requiring extensive sur-
geries with osseous recontouring or placement of multiple
implants, can be significantly painful. Pain from periodon-
tal surgery varies; with mucosal versus osseous procedures
having less versus more pain, respectively (4). Hence, ef-
fective management of intra and postoperative pain is of
utmost importance.

Many strategies have been proposed in medical field
to minimize sensitization associated with surgical proce-
dures which includes anoci-association, balanced anal-
gesia and pre-emptive analgesia (6-8). In dentistry, one
way to minimize this discomfort to the patient during and
after the surgery is the use of pre-operative pain medica-
tion using analgesics like ibuprofen, but it can increase
intraoperative bleeding (9). An alternative method is the
use of long-acting local anesthetics such as bupivacaine
to block nociceptive inputs throughout the peri-opera-
tive period leading to decreased central sensitization and
postoperative pain.

Although, lidocaine is clinically considered to be close to
satisfy the requirements of an ideal anesthetic, while per-
forming extensive periodontal surgeries involving extensive
areas may require anywhere from 30 to 120 minutes, which
may sometimes require an additional reinjection (10). This
can lead to intraoperative pain and discomfort and also in-
creased postoperative pain through central sensitization

Bupivacaine was later introduced for this purpose in the
perioperative period, as they are comparable in onset and
efficacy to lidocaine and has longer duration of action.
Long acting anesthetics can attenuate pain for hours after
the procedure, when acute pain is most intense thereby
making the transition from anesthesia to post-operative
pain comfortable. It was hypothesized that bupivacaine
would cause effective anesthesia at the time of treatment
and also would be effective in controlling postoperative
pain over different time intervals following surgery when
compared to lidocaine (5). Bupivacaine, an amide local an-
esthetic solution being lipid soluble, has greater potency
with longer action (11).

Most of the research regarding the comparison of bupiva-
caine and lidocaine for managing intra- and post-operative
pain has been carried in the field of oral surgery and end-
odontics with a sparse literature in periodontal flap surger-
ies. Therefore, the present study was designed to evaluate
the effectiveness and efficacy of bupivacaine and lidocaine
on the intra-surgical and post-surgical pain control in pa-
tients undergoing periodontal flap surgery. The null hypoth-
esis tested in this study is that there is no difference between
bupivacaine and lidocaine in terms of local anesthetic effec-
tiveness and pain control at any time interval.

Materials and methods
Ethical statement

This was a split mouth, randomized, single blind, study
which was conducted at Vishnu Dental College. The ethical
approval was obtained from institution’s ethical commit-
tee (VDC/IEC/2012-74) prior to the commencement of the
study. All the participants were informed about the proce-
dure and informed consent was obtained before the start of
the surgery.

Sample size calculation

Sample size was calculated by using n master 2.0 software
(CMS Biostatistics, Vellore, India). The clinically acceptable ef-
fect for which non inferiority can be declared is a change of
1 on the visual analogue scale. The true difference is thought
to be zero and the expected standard deviation in the popu-
lation in which the trial is to be conducted is 1.10, alpha level
was set at 5% and power was fixed at 80%.

Participants and materials

Fifty particiapants ranging in age range of 16 to 65 years
(32 males and 28 females) whom are candidates for peri-
odontal flap surgery in the mandibular posterior region
were included in the present study. The exclusion criteria
included the patients with known allergy to local anesthet-
ics and patients under any medication which can alter the
pain perception (opioids, corticosteroids, NSAIDS, sedatives,
anti-anxiety drugs, antidepressants, CNS stimulants) and pa-
tients under anti-coagulant therapy, uncontrolled systemic
diseases, smokers etc. The materials required for this study
included 0.5% Bupivacaine hydrochloride with 1:200000
epinephrine (Marcaine, Cook-Waite company, USA) for the
test group and 2% Lidocaine hydrochloride with 1:200000
epinephrine (Xylocaine, Astra zeneca) for the controls, an as-
pirating syringe with 30-gauge needle (septodont, USA) and
a graduated portable aspirator.

Study design

Two sextants in the mandibular posterior region requiring
similar periodontal flap surgeries were considered and sim-
ilar anesthetic techniques and equal amount of anesthesia
were administered. The site for choosing either of the anes-
thesia were randomized using coin flip method and the sec-
ond periodontal flap surgery was done either on the same
day or at least one week after the first surgery.

Data collection

At the time of periodontal surgery, the following parame-
ters were recorded to assess the efficacy of a local anesthetic
agent includes: onset of local anesthesia which was deter-
mined by the patients’ claim and by the loss of sensibility
to pricking with periodontal probe (UNC 15 — Hu-Friedy,
USA); depth of anesthesia which was assessed by evaluation
of pain during surgery using visual analogue scale (VAS);
amount of anesthetic solution which was described as the
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total volume of anesthetic solution used during surgery. If
additional anesthetic solution was needed for re-anesthesia,
time at which additional anesthetic solution was adminis-
tered, volume and anesthetic technique used for re- anes-
thesia were recorded; Duration of surgery was defined as the
time from starting of the incision to the completion of last
suture. Osteoplasty; whether it was required or not; Bleed-
ing during surgery variable was defined as all the water and
blood collected into a graduated beaker using a portable
aspirator. The total amount of blood was calculated by sub-
tracting the volume of water used during the surgery from
the total volume of fluid aspirated. Any saliva generated
during the procedure was considered negligible since each
patient served as his/her own control. Base line clinical pa-
rameters were measured before the surgery which includes
Plaque index (PI) (Silness and Loe, 1964), gingival index (GI)
(Loe and Silness, 1963), Probing pocket depth (PPD), Clinical
attachment level (CAL).

Outcome measures

Primary outcome measures considered were the efficacy
of bupivacaine over lidocaine and patients’ pain perception
towards these two anesthetics.

Surgical procedure

Three weeks after initial nonsurgical periodontal therapy
(NSPT) which consisted of oral hygiene instructions and full
mouth scaling followed by root planing, a periodontal evalua-
tion was performed to confirm the suitability of sites for peri-
odontal surgery. Patients with probing pocket depths higher
or equal to 5mm for molars higher than or equal to 6mm for
incisors and premolars were scheduled for periodontal flap
surgery. All surgeries were performed in the morning hours to
provide the patient and investigator sufficient time to evalu-
ate the postoperative discomfort before bedtime and to avoid
possible diurnal variation in pain response.

All the surgeries were performed under strict surgical pro-
tocol by the same surgeon. Both the sextants in the mandi-
ble received inferior alveolar, lingual and long buccal nerve
blocks. The same amount of local anesthetic solution (i.e. 1
carpule or 1.8 ml) was deposited for inferior alveolar and lin-
gual nerve block] at each site to achieve surgical anesthesia.
An additional carpule was deposited for the long buccal and
intra papillary injections. No additional anesthesia was giv-
en. If additional anesthetic solution is needed for re-anes-
thesia (during periodontal surgery), time at which addition-
al anesthetic solution administered, volume and anesthetic
technique used for re-anesthesia was recorded. Access flap
surgery was performed using crevicular and interdental inci-
sions. A full thickness mucoperiosteal flap was reflected and
thorough surgical debridement was done. Direct loop su-
tures were placed and the area was protected with a non-eu-
genol dressing. Any discomfort persists after the surgery pa-
tients were instructed to take diclofenac sodium (50mg IP).

Postoperative parameters were evaluated using a specially
prepared patient handout including: Duration of analgesia -
determined by the difference between onset of anesthesia
to the ingestion of first rescue analgesic (the patients were
requested not to take the analgesic until the pain starts); Re-

covery from the anesthesia - evaluated by measuring pain at
the time of loss of numbness using VAS; Any other significant
events related to anesthesia or surgery; Intraoperative and
postoperative subjective pain - evaluated by using a question-
naire after the surgery, which consisted of a 100-mm-length
VAS, with a 0 anchored by “no pain” and a 100 anchored by
“worst pain imaginable”. Pain scores were taken immediately
after surgery, at the time of loss of numbness (subjects were
requested not to take any pain medications until and unless
the pain starts and after the surgery for three consecutive days
upon waking in the morning; Total number of analgesics used
during the postoperative days; Patient preference - Seven
days after the completion of the second surgery each patient
was asked, “Which one would you prefer for future surgeries?”

Statistical analysis

IBM SPSS V 25.0 (IBM Corp, Armonk, NY, USA) software was
used for the data analysis. As the scale variables were not nor-
mally distributed non-arametric tests such as Mann- Whitney
U test for independent pairwise comparisons and Wilcoxon
matched pair test for intragroup comparison were performed.
The categorical variables were analyzed using Chi-square test.
The confidence level was set to 95% and p values less than
0.05 were considered as statistically significant.

Results

All the fifty patients tolerated the surgical procedure well,
except for one patient who had developed swelling post
operatively, which was subdued without any further compli-
cation. None of the patients developed any other anesthet-
ic related (or) intra and postoperative complications. Peri-
odontal variables: No significant differences were observed
between the two sextants, extent of surgery (number of
teeth involved), severity of periodontal inflammation (PI, GI)
and severity of periodontal involvement (PPD, CAL) (Table1).

There were no major discrepancies between the two local
anesthetics in terms of osteoplasty, surgery length, or blood
loss volume. Except for the mean onset of numbness, all an-
aesthetic variables were statistically significant, including
lack of sensibility to pricking, the need for additional anaes-
thesia, the length of anaesthesia, recovery from anaesthe-
sia, and the total number of analgesics used. From a clinical
perspective, bupivacaine seemed to produce better results
(Table 2 and Table 3).

Table 1. Inter-group comparison of periodontal parameters at
baseline.

Variables LA Mean SD pvalue
Bupivacaine 236 041

Plaque Index 0.518
Lignocaine 2.55 0.97
Bupivacaine 244 037

Gingival Index 0.626

Lignocaine 256 081

Bupivacaine  4.01 0.58
PPD 0.4937
Lignocaine 3.9 0.6

Bupivacaine  4.61 0.56
CAL 0.8682
Lignocaine 4.6 0.9




142

Tirumalasetty SSM, et al.

Table 2. Comparative evaluation of two groups using non-

Table 4. Comparison of pain scores at different time intervals, **

parametric tests (** p<0.01 inidicates highly statistically significant).

p<0.01 highly statistically significant.

Variable LA Yes No p- value Variables Groups Pain score p-value
Recovery Bupivacaine 12 03 . . Bupivacaine  0.67+0.82
i 0.69 Intraoperative pain ot Py 0.0045%*
. . . idocaine NE=LIE
anesihes Lignocaine 01 14 -~ : D771 83
i i upivacaine  2.27+1.
Bupivacaine 10 05 Pain at the time of loss 0.0005%*
Osteoplasty 0.0002" of numbness Lidocaine 4.07+1.03
Lignocaine 11
Bupivacaine  1.07+1.33
Day 1 0.1585
Lidocaine 1.60+1.84
Table 3. Comparative evaluation of inter group variations using Bupivacaine  0.47+1.06
parametric tests, * p<0.05 statistically significant, ** p<0.01 highly Day 2 - - 0.6187
statistically significant. Lidocaine  0.40+0.51
Sre Bupivacaine  0.07+0.26 07557
. a .
Variable LA Mean SD P- value y Lidocaine 0.00+0.00
Loss of sensibility to ~ Bupivacaine  4.96 2.65 0.0202
pricking (mins) ; ; . .
Lignocaine 2.52 1.42 Discussion
Additional anesthesia Bupivacaine  0.00 0.00 0.016"
(mb) Lignocaine  0.67 0.98 Alleviating the pain is of paramount importance for both
Duration of surgery  Bupivacaine 1197 3646  0.803 patients and dentists. Routine periodontal surgeries are well
T - 1208 2968 tolerated by the patients and short acting local anesthet-
'gnocaine : : ics followed by analgesics are effective in dealing with the
Volume of blood loss  Bupivacaine 104 386 09174 pain. However, in surgeries covering large areas of mouth
Lignocaine 10.5.67 33.27 requiring extensive tissue manipulation with osseous re-
Duration of analgesia Bupivacaine 438 7292 0.00001" contouring may eventually lead to excessive postoperative
(mins) 5 X pain. Further, the transition between loss of anesthetic effect
Lignocaine 164 51.24 L . .
and onset of pain is the most difficult phase for the patient.
Number of analgesic  Bupivacaine  1.73 171 0.0003 Hence, the use of longer acting local anesthetics may be

tablets Lignocaine 447  1.25

Statistically significant differences were observed be-
tween the two groups in terms of pain scores immediately
after surgery and pain at the time of loss of numbness. No
significant differences were observed in pain at first, second
and third day after surgery (Figure 1, Table 4).
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Figure 1. Comparison of pain scores at five different time intervals.

considered in such situations. As reported earlier, periodon-
tal surgeries produce less morbidity and discomfort to the
patient (12). Therefore, second surgery was performed one
week after the first surgery depending on the patients’ com-
fort. None of the patients reported any discomfort after one
week of surgery.

Assessment of pain using pain scales is subjective and
highly dependent upon individual experience, therefore in
this experimental design the patient served as both the con-
trol and test subject as the horizontal VAS was used (13).

The efficacy of bupivacaine as long acting anesthetic has
been well substantiated in the literature. The efficacy of 0.5%
Bupivacaine HCl was found to be comparable or even more
potent than that of 2% Lidocaine HCI. (11,14). According to
the available literature, Bupivacaine has a higher efficacy in
general dental procedures, especially in extractions. Howev-
er, no research has been done to date to assess its utility in
periodontal surgery.

In the present study, bupivacaine has slightly delayed pa-
tient reported onset than that of lidocaine. Onset of com-
plete surgical anesthesia as determined by the loss of prick-
ing with periodontal probe was delayed from 3 to 8 min with
Bupivacaine than that of Lidocaine which was statistically
significant. This is consistent with previous findings ranging
from 6 to 10 min. The delay in the onset can be related to the
higher pKa for Bupivacaine which reduces the availability of
free base form of anesthetic molecules to diffuse through
the nerve membrane (15). In a previous study, loss of sensi-
bility to pricking took an average of 8.1 minutes for bupiva-
caine, varying from less than 5 to 15 minutes (16).
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Bupivacaine is more firmly bound in the nerve membrane
(increased protein binding) therefore released more slowly
from receptor sites in the sodium channels (15). This study
showed that duration of analgesia was 37% higher for Bupi-
vacaine which lasted for up to an average period of 7.3 hrs
which was highly significant (p=0.00001%). Similar findings
have been reported before (17-19). In a similar study, it was
reported that the bupivacaine group was numb for a mean
time of 5.9 hrs as compared to 3.9 hrs for the lidocaine group
(20). Another one showed that the quadrants received Lido-
caine maintained postoperative anesthesia for an average
duration of 2.47 hrs while the Bupivacaine had a significantly
longer duration of 5.62 hrs (21).

Saline used during the osteoplasty was standardized for
all the patients as 20 ml and it was not included at the time
of statistical analysis. There were no significant differences
in the extent, severity of periodontal involvement, duration
of the procedure and surgical trauma (osteoplasty) between
the two groups, hence theirimpact on the intra and postop-
erative pain was minimized between the groups. Sextants
requiring similar anesthetics were selected irrespective of
their location because it has been reported that there was
no difference in the pain experience and no difference in
postoperative pain related to the location of surgery (11,21).

The mean duration of the procedure in this study was
120.26%32.66 min, ranging from 60 to 155 min. This is similar
to a study which reported a mean duration of the periodon-
tal flap procedure to be 151.8+52.2 min, ranging from 51 to
255 min. One study reported mean surgical time per quad-
rant was 60+14.52 min, ranging from 30 to 100 min (22). A
clinical trial reported that periodontal surgical procedures
required operating times of between 30 to 120 min with a
mean duration of 67 min (11).

Bupivacaine has 2.5 times more vasodilating activity when
compared to Lidocaine and hence more amount of blood
loss can be expected while using Bupivacaine (14). To some
degree, these effects may be concentration dependent (23).
But in this study, amount of blood loss during the periodon-
tal surgery was similar between the groups accounting for
a mean blood loss of 104.00+38.65ml in test group and
105.67+33.27ml in control group; the difference was not sta-
tistically significant. This is in contrast with a previous study
where bupivacaine group demonstrated more bleeding
during periodontal surgeries, but the evaluation of bleeding
was done by subjective assessment of the degree of homeo-
stasis achieved (i.e., excellent, limited or poor) which is inac-
curate (19). The total blood loss accounted to a combined
average of 104.83+35.44ml ranging from 50 to 180ml. This is
lesser when compared to a previous study which reported a
mean blood loss of 134.4+114.3 ml ranging from 16-592 ml
(24). But it is more when compared to other studies which
reported a mean blood loss of 59.47+38.2ml ranging from
6.0 to 145.1 ml (25). Both these studies employed variable
amount of local anesthetic solutions and used calorimetric
methods for measuring blood volume loss, where as in this
study measurement was done using a calibrated suction ap-
paratus. The average blood loss per papilla in this study was
7.02 ml for bupivacaine and 7.07 ml for lignocaine, this was
similar to another study which reported 10 ml of blood loss
per interproximal papilla when a flap was raised or osseous
recontouring was performed (24).

Intraoperative pain which was measured immediate-
ly after periodontal surgery was greater for lidocaine with
statistically significance (p<0.01). This could be due to the
shorter duration of action of lidocaine leading to pain and
requirement of additional local anesthesia intra-operatively
in control group which might have led to postoperative cen-
tral sensitization. Five patients required an additional 2 ml of
Lidocaine each and none of the test sites required additional
Bupivacaine.

Recovery from anesthesia was smooth and comfortable
with bupivacaine (p<0.0001) due to longer duration of ac-
tion resulting in suppression of peripheral nociceptive activ-
ity in the immediate postoperative period, thereby reduced
central sensitization and pain (26). This effect might have
reflected on the pain perception immediately after the peri-
odontal surgery, choice of anesthesia for their future surger-
ies and number of analgesic tablets consumed in test group.
However acute pain tends to peak 8 to 10 hours after the
procedure (27). Study showed an overall gradual decrease
in postoperative pain with the intensity most severe in the
immediate postoperative period followed by gradual de-
crease in the consecutive, first, second and third days after
the surgery. But the pain perception was significantly less in
the immediate postoperative period in bupivacaine group
(p<0.01). This is in agreement with a previous study which
showed statistically significant difference in pain perception
in the immediate postoperative period over 8 different time
periods in first 24 hours between bupivacaine and lidocaine
(19). However, this difference was not observed at the first,
second and third days post-operatively. One study done in
patients undergoing extraction of impacted third molars re-
ported that bupivacaine significantly increased prostaglan-
din production by stimulating COX-2 gene expression at 48
hours causing increased pain after the local anesthetic ef-
fect dissipates (28). But this was not observed in the present
study as the intensity of pain gradually decreased over the
time period of 72 hours post-operatively. This again demon-
strates that the most critical time of pain control is between
the loss of anesthesia and the first 24 h after the surgery.
Once this critical phase passes out most of the patients often
do not require regular dose of analgesics.

In this study, number of analgesic tablets consumed were
significantly less (p<0.001) in test group with an average of
1.73%£1.71 tablets compared to 4.47+1.25 tablets in control
group. Three subjects haven't used even single analgesic
tablet and 6 patients required only one analgesic tablet post
operatively in bupivacaine group. Similarly, in other studies
bupivacaine group took 2.8 postoperative analgesic tab-
lets as compared to 4.3 for the lidocaine group and in other
study lidocaine group reported an average of 3.7 tablets ver-
sus a significantly smaller amount for the bupivacaine group
of 1.6 tablets (19,20).

Being a single blinded study, the patient has no knowledge
of what anesthetic is being used. Hence, feedback from the
patients can be taken as an accurate appraisal. The patient
preference of anesthetic for future surgeries which was re-
corded 1 week after second surgery for each patient. Out of
fifty patients, 39 subjects opted for bupivacaine, 11 subjects
preferred lidocaine because of lesser duration of numbness
postoperatively and only one patient felt comfortable with
lidocaine. These results are in tandem with another study
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where bupivacaine was preferred by 14 out of 19 patients
and 3 patients preferred lidocaine and one patient did not
respond (19).

In terms of adverse events, the toxicity of bupivacaine is
less than one-fourth that of lidocaine (14). Bupivacaine is
thought to be less safe than other long acting local anaes-
thetics, especially with regard to cardiac toxicity. Thus, the
accentuation of Bupivacaine cardio toxicity must also be
considered in patients taking chronic medications that de-
press cardiac function, such as beta blockers, calcium chan-
nel and cardiac glycoside (29,30). A recent meta-analysis
reported that there is no evidence could be found to con-
clude that bupivacaine was less safe than lidocaine (31). No
adverse events were reported in this study.

Conclusion

Within the limitations of the present study, it can be stat-
ed that 0.5% bupivacaine administered as local anesthetic
in periodontal flap surgey is more likely to provide higher
intra-operative and immediate post-operative pain control
when compared to 2% lidocaine.

Tiirk¢e Ozet: Periodontal cerrahide local anestezik olarak kullanilan
%0.5'lik bupivacaine ve 2% lidocaine preparatlarinin etkinliginin ve
agri algisinin karsilastinlmasi — Béliinmis agiz tasarimli klinik ¢alis-
ma. Amag: Periodontal flep cerrahisi uygulanan hastalarda kullanilan
bupivacaine ve lidocaine icerikli lokal anestezik maddelerin girisim
sirasinda ve sonrasinda agri kontrolii etkinliklerinin karsilastiriimasi.
Bireyler ve yéntem: Rastgellenmis, tek kér, boliinmiis agiz tasarimli bir
calismada en az iki benzer bélgede periodontal cerrahide benzer anes-
tezi teknikleri uygulanacak bireyler belirlenmistir. 32 erkek, 28 kadin
olmak lizere yas araligi 16-65 arasinda degisen 50 hasta ¢alismaya
dabhil edilmistir. Bir bélgede flep cerrahisi sirasinda %2’lik lidocaine ve
1:200000 epinefrin digerinde %0.5’lik bupivacaine ve 1:200000 epinefrin
kullanilmistir. Baslangicta, temel klinik parametreler, sondalamada cep
derinligi, klinik atasman seviyeleri kayit edilmistir. Girisim sirasindaki
agn, uyusukluk hissi gegerken hissedilen adri ve girisimi takip eden 3
glin icindeki agri, vizuel analog skala (VAS) kullanilarak takip edilmis
ve istatistiksel olarak karsilastirilmistir. Bulgular: Girisim sirasindaki
agn skorlari bakimindan iki grup arasinda istatistiksel olarak anlamli
farkhhik oldugu belirlenmistir (p=0.0045). Ayni durum, uyusukluk hissi
gecerken bildirilen agri skorlarn arasinda da gézlenmistir (p=0.0005).
Ancak, birinci, ikinci ve lglincii glinler arasinda agn skoru bakimin-
dan bir fark ortaya ¢ikmamustir. Sonug: Bupivacaine igeren preparatin
lidocaine icerene gére periodontal cerrahide daha basarili oldugu éne
stirtilebilir. Buna bagli olarak, periodontal flep cerrahisinde girisim
sirasindaki ve hemen sonrasindaki agri hissini kontrol etmek ve hasta
konforunu arttirmak igin bupivacaine iceren lokal anesteziklerin kul-
lanimi yararli olabilir. Anahtar kelimeler: Bupivacaine, lidocaine, uzun
etkili lokal anestezik madde, agri kontrolii, periodontal flep cerrahisi
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The effects of final irrigants on the push-out bond strength of
two calcium silicate-based root canal sealers: an in vitro study

Purpose

The purpose of the present study was to investigate the effect of the different
irrigant combinations used in final irrigation on the push-out bond strength of root
canal sealers that have different compositions.

Materials and Methods

In total 60 dentinal slices in 1 mm thickness were collected from 15 extracted
mandibular premolar teeth; 4 slices from each tooth. 3 canal-like artificial cavities
were opened on each dentinal slice. Samples were divided into 4 experimental
groups, each of which consisted of 15 samples. In group 1, samples were immersed
in 5.25% NaOC| and 17% EDTA solutions respectively; in group 2, immersed in
5.25% NaOCl and 2% CHX solutions respectively; in group 3, immersed in 5.25%
NaOCl, 17% EDTA and 2% CHX solutions respectively; and in group 4 immersed
in distilled water. After drying with absorbent papers, each cavity in dentinal slice
sample was filled with different sealer (Endoseal MTA, Tech Biosealer Endo or AH
Plus). Two days later, the push-out bond examination was performed.

Results

AH Plus showed higher push-out bond strength value in two combinations (group
2 and 3) in which final irrigants contained CHX (p<0.001). Dentinal push-out bond
strengths of root canal sealers from Endoseal MTA and Tech BioSealer Endo were
not affected by final irrigant (p=0.965).

Conclusion

Using CHX after NaOCl in final irrigant increases push-out strength of epoxy resin-
based sealer but, did not create any difference in dentinal push-out bond strength
of calcium silicate-based sealers.

Keywords: Calcium silicate-based sealer, chlorhexidine gluconate, precipitate, push-
out bond strength, root canal irrigants

Introduction

It is widely accepted thaat there is a positive correlation between the
outcome of endodontic treatment and the technical quality of the root
canal sealing (1, 2). One of the main aims of root canal filling is to seal
the prepared canal to prevent the tissue fluids, bacteria and/or bacterial
products to enterinto it (3). In order to achieve this aim in root canal filling
procedure, it is critical that the sealer used with gutta-percha provides an
optimum adhesion to root canal walls (4, 5).

Final irrigation of the root canal is performed after root canal shaping
in order to reduce the pre-obturation microbial load within the canal
system and to minimize future failure (6). Successive administration of
sodium hypochlorite (NaOCl) solution and ethylenediaminetetraacetic
acid (EDTA) is the most common final irrigation method used all around
the world in order to ensure the chemical debridement of root canals
and to remove the smear layer take place on dentinal surfaces after the
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instrumentation (7, 8). On the other hand, it was claimed
that it is not expected to see a positive therapeutic effect
of NaOCl solution while there is EDTA in the canal (9). Be-
sides the high concentrations of NaOCl is toxic and can ir-
ritate the periapical tissues (10). Therefore, chlorhexidine
gluconate (CHX) was suggested as an alternative irrigant
solution for NaOCI (11). Even though CHX has substantivity
property along with antimicrobial activity, it does not have
the capability of dissolving vital or necrotic tissues (12). In
fact, an irrigant with all the desired physiochemical and
ideal microbiological properties has yet to be introduced
(13, 14). Therefore, different irrigation solutions that have
positive effects on antimicrobial properties of NaOCl can
be used after NaOClI for effective irrigation (13, 15). Howev-
er, it is important to be aware of the possibility that irriga-
tion solutions used successively can chemically react with
each other. For example, a mixture of NaOCl and CHX pro-
duces an orange-brown, hard-to-remove precipitate that
colors the walls of the pulpal cavity (16). Previous research-
es reported that this precipitate contains para-chloroani-
line (PCA), a toxin produces methemoglobin and has a po-
tential carcinogenic effect in time (17, 18). However, recent
studies that used advanced analysis techniques showed
that the precipitate produced by a mixture of these solu-
tions do not contain PCA (6, 19, 20).

There is a limited data on the effect of precipitates that
accumulated in canal walls on the push-out bond strength
of sealers to the canal walls. Graziele Magro et al. (14) re-
ported that the produced precipitates after final irrigation,
which used 2% CHX solutions with different formulas, did
not change the push-out bond strength of AH Plus, an ep-
oxy-based sealer. Neelakantan et al. (21) reported that using
EDTA in final irrigation increased the adhesion force of AH
Plus sealer to the root dentin significantly when it is com-
pared with a final irrigation that used NaOClI.

Recently, a number of calcium-silicate based root canal
sealers that have the positive attributes of bioceramic ce-
ment were introduced. Endoseal MTA and Tech Biosealer
Endo are the two examples of these type of sealers. In lit-
erature, there is limited knowledge about whether final
irrigants affects the push-out bond strength of calcium
silicate-based sealers to root canal dentin. The purpose of
the present study was to evaluate influence of NaOCI+ED-
TA, NaOCI+CHX or NaOCI+EDTA+CHX final irrigation regi-
mens on the bond-strength of two calcium silicate based
(Endoseal MTA and Tech Biosealer Endo) and one epoxy
resin based (AH Plus) sealer. The null hypothesis is that the
order of the irrigant solutions used in final irrigation does
not affect the dentinal push-out bond strength of these
root canal sealers.

Materials and Methods
Ethical statement

This study was reviewed and approved by the Research
Ethics Committee of Karadeniz Technical University (Proto-
col Number: 2021/75). The manufacturers and the material
contents of root canal sealers tested in this study can be
found in Table 1.
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Table 1. The ingredients and manufacturers of the tested materials.
Sealer Manufacturer Composition
Calcium silicates, calcium
Endoseal Maruchi, aluminates, calcium aluminoferrite,
MTA Wonju, Korea  calcium sulfates, radiopacifier,
thickening agent
Powder: White Portland cement,
Tech Isasan SRL, bismuth oxide, anhydride, sodium
BioSealer  Revello Porro,  fluoride
Endo Italy Liquid: Alfacaine SP solution (4%
articaine + 1/100.000 epinephrine)
Epoxy paste: diepoxy, calcium
tungstate, zirconium oxide, aerosol,
and dye
|
g:.?:;pémbl_' Amine paste: 1-adamantane
AH Plus y " amine, N.N'dibenzyl-5
Konstanz, .
oxanonandiamine-1,9, TCD-
Germany . .
diamine, calcium tungstate,
zirconium oxide, aerosol, and
silicone oil
Sample preparation

Samples were prepared by following the technique described
by Scelza et al. (22). Newly extracted 15 mandibular premolars
were chosen. Teeth were stored in 0.02% sodium azide solution
at 4°C until the experiment. Soft tissue residuals on teeth were
removed by using a scalpel and crowns were removed by using
alow-speed diamond disc (Micracut 125; Metkon, Bursa, Turkey)
under continuous water wash. The same low-speed diamond
disc was used in order to create 4 horizontal cross-sections (1 +
0.1 mm thick) in each root in coronal to apical direction. 60 root
slices were obtained through this protocol. In each root slice, 1
mm thick cylindrical carbide bur was used in order to open three
canal-like cavities parallel to the root canal (Figure 1).

Figure 1. 1.0 mm thick slices were obtained from the roots and three
canal-like cavities were opened on each slice.

The cavities were opened perpendicular to the surface un-
der continuous water wash. The cavities were preserved so
as to the distance between the external cement and root ca-
nal wall to be T mm in minimum. All root slices were divided
into 4 different experimental groups according to the final
irrigant administration, so each group has 15 slices:

Group-1; the samples were immersed in 5 mL 5.25% NaOCI
(Wizard; Rehber Kimya, Istanbul, Turkey) for 15 minutes and
thenin 5 mL 17% EDTA (Wizard; Rehber Kimya, Istanbul, Tur-
key) for 3 minutes.
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Group-2; the samples were immersed in 5 mL 5.25% NaO-
Cl for 15 minutes, then after drying with absorbent papers,
they were immersed in 5 mL 2% CHX (Consepsis; Ultradent,
South Jordan, UT, USA) for a minute.

Group-3; the samples were immersed in 5 mL 5.25% NaOCI
for 15 minutes and then in 5 mL 17% EDTA for 3 minutes.
After drying with the absorbent paper, they were immersed
in 5 mL 2% CHX for a minute.

Group-4; the samples were immersed in 5 mL distilled wa-
ter for 15 minutes.

Then the cavities were dried with absorbent papers and
each of the cavities in each of the root slice was randomly
filled with one of the chosen sealers: Endoseal MTA (Endo-
seal; Maruchi, Wonju, Korea), Tech Biosealer Endo (Isasan;
Rovello Porro, Italy) or AH Plus (Dentsply DeTrey GmbH,
Konstanz, Germany). All of the sealers were mixed and put
in cavities according to the protocols provided by the man-
ufacturers. In order to prevent the bubble formation, a weak
vibration was applied while placing the sealers into cavities.
Lastly, root slices filled with 3 different sealers was incubated
at 37° Cand 95% relative humidity for 48 hours before push-
out analysis in order to harden them completely (Figure 2).

Figure 2. Each cavity in the dentinal slices was filled with a different
sealer.

Push-out bond strength test

A plunger tip (0.8 mm in diameter) was placed in a way that
it was on top of only the test material. The force was always ap-
plied in coronal-apical direction. Loading was performed on a
universal testing machine (Lloyd Instruments, Foreham, UK) at
0.5 mm/min speed until material dislocation occurred (Figure
3).The load at failure was recorded (in Newtons) and the values
were used to calculate the push-out strength in megapascals
according to the formula used by Bitter et al. (23).

Statistical analysis

The collected data from all groups were imported to Sta-
tistical Package for Social Sciences (SPSS) for Windows soft-
ware, version 17.0 (SPSS Inc., Chicago, IL, USA). The fitness
of the data to a normal distribution was analyzed with the
Kolmogorov-Smirnov test. The mean, and standard devia-
tion values of the data belong to the independent variables
that affect the push-out bond strength (irrigants and canal
sealers) were calculated. The mean values of these groups
were compared by using one-way ANOVA test (p<0.05) and

Figure 3. Loading was performed on a universal testing machine at 0.5
mm/min speed until material dislocation occurred.

the irrigation protocol values corrected by Bonferroni test
with a new threshold level, p=0.00833.

Results

The dentinal push-out bond value for each group and the
comparison of the groups are summarized in Table 2. AH
Plus showed higher push-out bond strength value on CHX
groups (Group 2 and 3) than the other two groups (p<0.001).
The push-out bond strength of Endoseal MTA and Tech Bi-
oSealer Endo root canal sealers to dentine were not influ-
enced by the final irrigation protocol (p=0.965).

Regardless of the root canal sealer, the use of CHX in fi-
nal canal irrigation resulted in higher bond strength than

Table 2. Push-out bond strength (MPa, meanststandard deviations)

of root canal sealers in canal-like cavities irrigated with different
regimes.

NaOCl +

NaOCl+ NaOCl+ Distilled
Sealer EDTA + Total

EDTA CHX water

CHX

AH Plus 8.12+2.37° 12.87+3.89° 10.54+4.65° 6.68+2.59° 9.55+4.16*
Endoseal MTA  5.98+22  6.07+2.25  6.87+3.63 522416  6.04+2538
Tech Biosealer

4024096  5.17+2.1 5194211  441+139  4.7+1.74B

Endo

CHX: chlorhexidine; EDTA: ethylenediamine tetra acetic acid; NaOCl: sodium
hypochlorite. The different small letters indicate significantly differences
between final irrigation groups (p<0.05).The different capital letters indicate
significantly differences between sealers (p<0.05)
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the other two groups (p=0.003). No difference occurred be-
tween the two CHX combinations, likewise, the push-out
bond strengths of the other two groups were also similar to
each other (p=0.26).

AH Plus showed stronger dentinal push-out bond strength
than bioceramic based root canal sealers independently of
the final irrigation solutions (p<0.001).

Discussion

The present findings indicate a significant difference in
the performance of the tested materials. AH Plus produced
stronger push-out bond-strength to the root dentin than
Endoseal MTA and Tech Biosealer Endo. Moreover, the push-
out bond strength of AH Plus was affected by final irrigant.
AH Plus presented stronger push-out bond strength when
NaOCI-CHX used as a final irrigant rather than NaOCI-EDTA
or distilled water. The push-out bond strength of Endoseal
MTA and Tech Biosealer Endo to the root dentin were not
affected by final irrigant. Therefore, the null hypothesis was
partially rejected.

Different from the previous studies, there is a method-
ological aspect of this study to be considered. Standard ca-
nal-like holes were opened on dentin slices obtained from
extracted human teeth in order to establish a more stan-
dardized groundwork. Moreover, sealers and irrigants were
compared in the same dental samples which allow for better
control on confounding factors such as dental age, sclero-
sis, micro-stiffness of dentine, canal shape, etc. Thus, this
experimental setup overcomes the effects of different den-
tine sources on study design by allowing for placing three
different sealers in the same slice (22, 24, 25). All of these
biological-chemical-physical variances of the root dentine
can increase sealer retention in the undercut nonprepared
areas of natural root canals. Also, all the canal-like cavities
were opened as a cylinder-shape with Tmm in diameter in
order to maintain a standard root canal anatomy between
the groups (25). In addition, the holes were filled only with
sealers so that the load is fully applied to this material. Thus,
erroneous interpretations of the performance of the gut-
ta-percha are avoided (26). Although this method does not
exactly reflect clinical practice is very useful for standardiz-
ing examples.

After discovering that the precipitate produced after suc-
cessive usage of CHX and NaOCI does not contain a carcino-
genic PCA, CHX solution, which has a potential to contribute
to the antimicrobial activity of NaOCI, can be added to the
standard irrigation protocol more easily (6, 19, 20). As it is
planned to examine the effects of the precipitates, which
emerge upon mixing the two solutions, on the dentinal ad-
hesions of root canal sealers, neutralizing solutions were not
used between the successive irrigants in the CHX groups
of the present study. Push-out bond strength of calcium
silicate-based sealers was not affected by irrigant combina-
tions, while the push-out bond strength of AH Plus sealer to
the dentine surprisingly increased compared to NaOCI-ED-
TA combination in dentinal samples that were immersed in
NaOCl and CHX solutions successively. In a previous study,
different CHX formulations used in final irrigant caused a
higher chemical precipitate and smear layer on radicular
dentin compared to irrigation protocol that contains 17%

EDTA and 2.5% NaOCI (14). However, these residuals did not
change the push-out bond strength of epoxy resin-based
sealer (AH Plus) on radicular dentin (14, 27). The reason for
this difference between the result of the present study and
the results of previous studies may be due to the fact that
the push-out bond strength experiments in those studies
are performed on the main root canals. AH Plus can chem-
ically bond to dentinal collagen amino groups. In order to
establish a good bonding, it is necessary to bring out and
more importantly to protect the collagen network (28, 29).
From this perspective, amino groups that were dwelled on
dentine depending on the irrigation solution can affect the
adhesion of resin-based sealer to the canal walls (30).

There is a limited data in the literature about the dentinal
push-out bond strength of both calcium silicate-based seal-
ers, Endoseal MTA and Tech Biosealer Endo. In the present
study, when final irrigant is not taken into account, Endo-
seal MTA and Tech Biosealer Endo root canal sealers showed
weak dentinal push-out bond strength compared to AH Plus.
Similarly, Oliveira et al. reported that AH Plus had significant-
ly higher bond strength than both MTA Fillapex and iRoot
SP (31). Furthermore, in a recent systematic review and me-
ta-analysis, it has been reported that bioceramic sealers do
not perform better than traditional epoxy sealers in terms of
dislodgement resistance (32). Silva et al. used artificial canals
opened in dentinal slices for push-out strength experiment,
as the present study, and found that push-out strength of
Endoseal MTA is weaker than of AH Plus but stronger than
of MTA Fillapex (25). The push-out bond strength of Tech Bi-
osealer Endo did not improve with the irrigation protocols
in the present study. These results are in accordance with an
earlier report that presented the push-out strength of Tech
Biosealer Endo when root canals were irrigated with NaO-
CI-EDTA or NaOCI-CHX (33).

Conclusion

Within the limitations of this in vitro study, using CHX after
NaOCl in final irrigation leads to increase in push-out bond
strength of epoxy resin-based sealers, whereas it does not
affect the dentinal bond strength of calcium silicate-based
sealers.

Tiirkce Ozet: Final irrigantlarin iki kalsiyum silikat esash kék kanal
patinin push-out baglanma dayanimina etkileri: in vitro ¢alisma. Amag:
Bu ¢alismanin amaci, final irrigasyonda kullanilan farkli irrigant kombi-
nasyonlarinin, farkliiceriklere sahip kbk kanal patlarinin push-out baglan-
ma dayanimlari lizerine etkilerini incelemektir. Gereg ve Yontem: 15 adet
alt premolar disin her birinden 1T mm kalinliginda 4 dilim olacak sekilde,
toplam 60 dentin dilimi toplandi. Her dentin dilimi iizerinde 3 adet kanal
benzeri yapay kavite acildi. Ornekler her biri 15 rnekten olusan 4 deney
grubuna ayrildi. Ornekler grup 1'de sirasiyla %5.25 NaOCl ve %17 EDTA
soliisyonlarina; grup 2'de sirastyla %5.25 NaOCl ve %2 CHX sollisyonlari-
na; grup 3'te sirastyla %5.25 NaOCl, %17 EDTA ve %2 CHX sollisyonlari-
na; ve grup 4'de distile su icine daldinldilar. Dentin dilimlerindeki her bir
yapay kavite emici kdagitlarla kurutulduktan sonra, farkh kanal patlariyla
(Endoseal MTA, Tech Biosealer Endo veya AH Plus) dolduruldu. iki giin
sonra, push-out baglanma dayanimi testi yapildi. Bulgular: CHX iceren
iki final irrigant kombinasyonunda da (grup 2 ve 3) AH Plus daha ytiksek
push-out baglanma dayanimi gésterdi (p <0,001). Endoseal MTA ve Tech
Biosealer Endo kék kanal patlarinin push-out baglanma dayanimlan
final irriganttan etkilenmedi (p=0,965). Sonug: Final irrigasyonda NaO-
Cl'den sonra CHX kullaniimasi epoksi rezin bazli kanal patinin push-out
baglanma dayanimini arttirirken, kalsiyum silikat esasli kanal patlarinin
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baglanma dayaniminda herhangi bir fark olusturmadi. Anahtar kelimel-
er: Kalsiyum silikat esash kanal pati, klorheksidin glukonat, ¢kelti, push-
out baglanma dayanimi, kék kanal irrigantlari.
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Evaluation of a collagen-bioaggregate composite scaffold in

the repair of sheep pulp tissue

Purpose

This study aimed to compare the effects of the collagen-BioAggregate mixture
(CBA-M) and collagen-BioAggregate composite (CBA-C) sponge as a scaffolding
material on the reparative dentin formation.

Materials and Methods

CBA-C sponge (10:1 w/w) was obtained and characterized by Scanning Electron
Microscopy (SEM) and Mercury Porosimetry. Cytotoxicity of the CBA-C sponge was
tested by using the L929 mouse fibroblast cell line. Dental pulp stem cells (DPSCs)
were isolated from the pulp tissue of sheep teeth and characterized by flow
cytometry for the presence of mesenchymal stem cell marker, CD44.The osteogenic
differentiation capability of isolated DPSCs was studied by Alizarin Red staining.
The cells were then used to study for the compatibility of CBA-C sponge with cell
proliferation and calcium phosphate deposition. The effect of CBA-C sponge and
CBA-M on the induction of dentin regeneration was studied in the perforated
teeth of sheep for the eight-week period. All the analyses were performed with
appropriate statistical hypothesis tests.

Results

CBA-C sponge was found to be biocompatible for DPSCs. The DPSCs seeded on the
CBA-C sponge were able to differentiate into the osteoblastic lineage and deposit
calcium phosphate crystals in vitro. Reparative dentin formation was observed after
the second week in the CBA-C sponge applied group. At the end of eight weeks,
a complete reparative dentin structure was formed in the CBA-C sponge applied
group, whereas necrotic tissue residues were observed in groups treated with the
CBA-M.

Conclusion

CBA-C sponge represents a better microenvironment for reparative dentin
formation probably due to maintaining DPSCs and allowing their osteogenic
differentiation and thus calcium phosphate deposition.

Keywords: Direct pulp capping, reparative dentin, collagen sponge, BioAggregate,
BioAggregate-sponge composite

Introduction

Vital pulp therapy is defined as a treatment used to perform an indirect
pulp application in teeth with deep caries. It can be applied in two ways;
by direct pulp capping or pulpotomy in patients with exposed dental pulp
tissue (1). Direct pulp capping is a technique in which the pulp protect-
ing agent is directly applied to the exposed pulp tissue. This treatment
is used to protect the pulp tissue against further damage, and it allows
the regeneration of the dentin pulp complex (2). Dentin pulp complex
protection is achieved by performing a single or multilayer pulp capping
between the dental tissue and the restorative material. Dentin pulp com-
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plex is protected to prevent damages that occur due to the
bacterial invasion resulting from operative procedures, the
toxicity of the restorative material, and microleakage. Dentin
pulp tissue protection is ensured by recovering the vitality of
the pulp (3).

Mineral Trioxide Aggregate (MTA) was introduced by Tora-
binejad and White as the first calcium silicate based material
in the 1990s (4). In the following periods newer modifica-
tions, such as BioAggregate (in 2006), Biodentine (in 2009),
EndoSequence BC RRM (in 2009) and TheraCal LC (patented
in 2008) were reported (5,6). BioAggregate is a biocompati-
ble material, and it is safe to use it in the pulp capping pro-
cess. It is composed of ceramic particles, and its content is
similar to the MTA. It can be used in perforation repair and
treatment of vital pulp (7).

Tissue engineering is a multidisciplinary field that applies
engineering principles to restore, maintain, and develop the
normal functions of organs (8). There are three components
of tissue engineering; living cells, carriers of cells (scaffolds),
and signal molecules such as growth factors (9).

Scaffolds are three-dimensional networks of synthetic
or natural polymers that serve as extracellular matrices for
cells for a limited duration. They allow cells to migrate and
propagate and are used to create tissue mimics in pre-de-
signed forms and structures. Natural polymers have excel-
lent biocompatibility, whereas synthetic polymers possess
controlled physico-chemical properties such as dissolution
rate, microstructure, and mechanical strength (10). Various
synthetic materials do not satisfy the requirements ex-
pected of scaffolds in tissue engineering applications, and
therefore, animal-derived natural polymers such as colla-
gen and elastin are preferred over the synthetics to create
better carriers (11).

Regeneration of pulp tissue is an important alternative for
direct pulp capping to more traditional restorative proce-
dures (12). Dental pulp stem cells (DPSCs), which are being
used mainly in tooth regeneration studies, are multipotent
stem cells that can be isolated from dental tissue for pulp re-
generation. They can differentiate into a variety of cell types,
including adipocytes, chondrocytes, osteoblasts, and odonto-
blasts, while exhibiting more substantial odontogenesis char-
acteristics (13). Therefore, it is important to develop new bio-
active materials for managing the dental pulp regeneration.

In this study, collagen and BioAggregate materials were
mixed and used either directly or in the form of a sponge
as a capping material in sheep teeth with perforated pulp
tissues. The aim of this study was to compare the effects of
collagen-BioAggregate mixture and collagen-BioAggregate
composite sponge on reparative dentin formation within an
eight-week period. The null hypothesis of this study was that
the collagen-BioAggregate mixture and collagen-BioAggre-
gate composite sponge would have no difference in repara-
tive dentin formation during all weeks studied.

Materials and methods
Ethical statement
All the surgical procedures were approved by the Animal

Testing Ethics Committee of Firat University, Elazig, Turkey,
with meeting number 2014/9 and decree number 96.

Isolation of DPSCs

Pulps from sheep teeth (n=4) were minced into 1-2 mm
pieces with a scalpel under sterile conditions. The piec-
es were transferred to T25 tissue culture flasks and kept in
growth media (DMEM with 4.5 g/L glucose, 10% fetal bovine
serum, 1% penicillin-streptomycin, 0.4% amphotericin-B)
(5% CO,, 37°C). The outgrowth of the DPSCs was observed
starting from 72 h and visualized under a phase-contrast mi-
croscope (Olympus IX70, Leica, USA). The culture was contin-
ued until confluency was reached. Cells were harvested by
trypsinization, and the cell pellet was passed through a cell
strainer (70 um). The cells were subcultured or frozen in 90%
FBS, 10% DMSO solution until use.

Characterization of DPSCs by flow cytometry

The isolated stem cells were analyzed with flow cytometry
for the hematopoietic and mesenchymal stem cell markers,
CD34 and CD44, respectively (AccuriCé, BD, Germany). Brief-
ly, cells were fixed (PFA,4%) and washed with FACS buffer
(PBS, 1:100 BSA, and 1:1000 sodium azide). The cell pellet
was resuspended in primary antibody solutions for stem cell
markers CD34 and CD44 (100 uL; 1:60 CD34 Rabbit Mono-
clonal, Abcam, ab81289 and 0.02 ug CD44 Rat Monoclonal,
Abcam, ab119335) and incubated for one h at room tem-
perature (14,15). After washing twice with FACS buffer, the
cells were incubated with secondary antibodies (10 pg/mL
Goat anti-rabbit IgG H+L, Alexa 488, Invitrogen A-11034, and
Goat anti-rat IgG H+L, Alexa 647, Invitrogen A-21247) for one
h at room temperature. Cell nuclei were stained with Drag5
(1:1000). The cells were washed twice with FACS buffer and
resuspended in PBS. Negative controls were unstained cells,
isotype control (1:100 Rabbit IgG 488 Isotype control, Ab-
cam ab153686, and 0.02 ug Rat IgG 647 Isotype control, In-
vitrogen R2a21), and only secondary antibody stained cells.

Osteogenic differentiation of DPSCs and maintenance of osteo-
blastic cells

Isolated stem cells were subjected to osteogenic differenti-
ation by using OriCell™ Mesenchymal Stem Cell Osteogenic
Differentiation Medium (Cyagen, USA) according to the manu-
facturer’s protocol. Briefly, 2x10% cells were seeded into six-well
plates and incubated for 21 days for differentiation medium
containing 10% FBS, 1% Penicillin-Streptomycin, 1% L-Glu-
tamine, 1% B-Glycerophosphate, 0.2% Ascorbate, and 0.01%
Dexamethasone. At the end of days 7 and 21, cells were fixed
in 4 % PFA for 30 min, washed twice with PBS, and incubated in
Alizarin red solution (Cyagen, USA) to stain the calcium deposi-
tion. After the osteogenic differentiation process, obtained os-
teoblasts were maintained in McCoy's 5A medium (Gibco, UK)
supplemented with 10% FBS and 1% Penicillin-Streptomycin.

Sample preparation and characterization of collagen-BioAggre
gate composite sponges

BioAggregate (1.5 mg; DiaDent, Burnaby, BC, Canada) and
collagen (15 mg; Sigma-Aldrich, Germany) (10:1, w/w) were
mixed and collagen-BioAggregate mixture (CBA-M) sample
was prepared.
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BioAggregate (1.5 mg; DiaDent, Burnaby, BC, Canada) and
collagen (15 mg; Sigma-Aldrich, Germany) were dissolved in
acetic acid (0.5%), 51 uL was added to 96 well plates, frozen
overnight at -20°C, and lyophilized for 8 h (Labconco, USA)
and collagen-BioAggregate composite (CBA-C) sponges
(diameter: 1.5 mm, thickness: 1.5 mm) were obtained. De-
hydrothermal crosslinking (heating at 150°C for 24 h under
vacuum) was applied to the sponges and then kept in a des-
iccator at room temperature until use. Pure collagen spong-
es were prepared using the same procedure without the ad-
dition of the BioAggregate.

Surface topography of pure collagen and CBA-C spong-
es were studied using Scanning Electron Microscopy (SEM,
Quanta, USA). Their porosity was determined by Mercury
Porosimetry (Quantachrome, USA) and ImageJ Analysis Soft-
ware Programme (NIH, USA).

Determination of cell viability

Cytotoxicity of the sponges was tested using the L929
mouse fibroblast cell line (16, 17). 2x10* cells were seeded
on 24 well plates and incubated for 24 h for cell attachment.
CBA-C sponges were then introduced onto the cells and
incubated for 48 h. After 48 h, the medium was removed,
and 10% Alamar Blue solution in colorless DMEM (1mL) was
added onto the cells and incubated for one h. The optical
density was measured at 570 and 595 nm with a microplate
reader (SpectraMax M2, Molecular Devices, USA). Cell viabili-
ty was determined with a calibration curve plotted from per-
cent reductions and corresponding cell numbers (18).

Proliferation of cells on CBA-C sponges

In order to determine whether the CBA-C sponges would
represent a compatible environment for cell proliferation,
2x10* DPSCs were seeded on composite sponges and sub-
jected to osteogenic differentiation for 21 days in the dif-
ferentiation medium mentioned in the previous section. In
addition, 2x10*cells differentiated to osteoblastic cells were
seeded on separate sponges and cultured for 21 days in Mc-
Coy’s 5A maintenance medium. The media were changed
every two days. On days 1, 7, 14, and 21, cell numbers on the
sponges were determined by Alamar blue cell proliferation
assay. DPSCs and osteoblastic cells seeded on tissue culture
polystyrene (TCPS) were used as the controls of the exper-
iment. The proliferation assay was performed in triplicate
wells for each group.

Calcium phosphate deposition on sponges

To determine the calcium phosphate deposition on spong-
es, 2x10* DPSCs, and DPSCs differentiated to osteoblastic cells
were seeded on separate CBA-C sponges. DPSCs seeded on
the composite sponges were subjected to the differentiation
process for 21 days. Osteoblastic cells seeded on composite
sponges, on the other hand, were cultured in the maintenance
medium for 21 days. At the end of the culture period, the cells
on the sponges were stained with osmium tetraoxide and an-
alyzed with SEM. For osmium tetraoxide staining, cell-seeded
sponges were washed with PBS twice and fixed (4% PFA) for 5
min at room temperature. The specimens were then washed

with PIPES (piperazine-N, N'-bis (ethanesulfonic acid)) buffer
twice and then incubated in 1% osmium tetroxide (OsO4) in
PIPES buffer for one h at room temperature. After a second
wash with PIPES buffer, the sponges were dehydrated by in-
cubating in a series of ethanol concentrations of 50%, 70%,
and 100% at room temperature for 5 min. Specimens were
Au-Pd coated under vacuum and examined with SEM (400F
Field Emission SEM, USA).

Application and monitoring of the CBA-C sponges and mixture
of collagen and BioAggregate in the experimental animals

Randomly selected ten sheeps (Akkaraman sheeps) were
deprived of water for six h and fasted for 18 h to prevent
nausea and hypersalivation due to the anesthesia. On the
day of the experiment, animals were weighed, and their av-
erage weight was 42 kg. Doses of the anesthetics were de-
termined according to the average weight of animals.

For the anesthesia, 0.1 mg/kg Alfazyne %2 (Alfasan Inter-
national B.V., Woerden, The Netherlands) containing Xyla-
zineHCl and then 5 mg/kg Ketasol 10% (Richter Pharma AG,
Wels, Austria) were applied intramuscularly in semi-mem-
branosus and semi-tendinous regions. This dose of anes-
thesia did not lead to respiratory depression, and thus in-
tubation was not necessary. Infiltrating local anesthesia was
applied by using Jetokain (Adeka, Samsun, Turkey) in order
to prevent the pain after the operation.

A portable dental unit system (Dynamic, China) was used
for cavity preparation. Diamond carbide bur (number 10, Diat-
ech, USA) was used for the enamel, and tungsten carbide bur
(number 10, Diatech, USA) was used for the dentin layer. T mm
diameter perforations were formed by using the equipments
in the pulp tissues of animals under sterile conditions.

The mixture of collagen (15 mg) and BioAggregate (1.5 mg)
(CBA-M) was applied to perforated left central and lateral teeth.
CBA-C sponges, on the other hand, were cut to fit the perforat-
ed area and placed on the right central and lateral teeth. Then,
glass ionomer cement (Fuji IX GC, USA) was placed, and the
tooth was restored by using the composite filling material (Ar-
abesk, Voco, Germany) and two-step self-etch bonding agent
(Clearfil SE Bond, Kuraray Medical, Tokyo, Japan).

Animals were randomly divided into five groups (n: 2)
and were decapitated respectively in the first, second, third,
fourth, and eighth weeks. Tooth samples were fixed in 10%
formaldehyde (Sigma-Aldrich, Germany) and transferred for
histological examination.

Fixation of the teeth

Tooth samples in formalin solution were shaken manually
(1-2 min) twice a day for ten days to allow better penetration
of formalin solution (10%, Sigma Aldrich, Germany) into the
teeth. At the end of day 10, teeth were removed from forma-
lin and washed with distilled water for 1-2 min. They were
then placed in plastic containers.

Demineralization of teeth
Afterthefixation of each tooth, ethylenediaminetetraacetic

acid (EDTA) based demineralization solution (30 mL; Osteo-
soft, Merck, Germany) was added to the container and incu-
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bated in the dark for five weeks. The solution was refreshed
once a week, and each container was gently shaken (1-2
min) twice a day. The demineralization process was final-
ized at the end of the fifth week when the teeth became ex-
tremely flexible.

Preparation of teeth for the histological section

Teeth were placed in embedding cassettes (Isolab Embed-
ding Cassettes, Germany), washed with tap water for several
hours, and dehydrated in 70, 80, 96, and finally 99% aqueous
ethanol solutions (Sigma-Aldrich, Germany). After dehydra-
tion, teeth were incubated in xylene (4 h) in the automatic
tissue processor (Leica TP 1020). Teeth were primarily cut
into two pieces along their longitudinal axes to obtain sec-
tions from pulp tissues and cavities, and then blocked with
paraffin.

Ten sections (3um thick) for each tooth were obtained
using a rotary microtome (Leica RM 2125) and placed in
the flotation bath (42°C, 5-10 s) (Leica HI 1210, Germany).
The slides were deparaffinized (68°C for 45 min), immersed
in xylene solutions (5 min, 10 times), dried, stained with
hematoxylin-eosin and then dehydrated in serial aqueous
alcohol solutions followed by drying at 68°C, 10 min. Mi-
croscopic imaging and measurements were performed us-
ing Olympus BX43 Trinocular attachment Fluorescent Light
Microscope and Imaging System with CellSens Standard
Software. Inflammation (capillary hyperemia, inflammato-
ry cells and fibrosis) in the pulp was evaluated qualitatively.
The amount of reparative dentin was measured in the per-
foration area from four different points in two tooth sec-
tions (Figure 1). Eight measurements were made for each
tooth sample.

Statistical analysis

Quantitative data were summarized as meanzstandard
deviation values. Since the quantitative data did not dis-
play a normal distribution with respect to the groups
(p<0.05), the non-parametric Kruskal-Wallis H test was uti-
lized for the comparison of the study groups. Significant
differences among the groups were determined with the
Kruskal-Wallis H test (p<0.05), pairwise comparisons of

Figure 1. Quantification of reparative dentin thickness.

reparative dentin thickness were performed through the
posthoc Bonferroni test (p<0.05). The same time periods of
the materials were compared via the Mann Whitney U test.
SPSS version 13.0 for Windows (SPSS, Inc., IL, USA) was em-
ployed for all analyses. The level of statistical significance
was set at p < 0.05.

Results
DPSCs isolation and characterization

Stem cells were isolated from sheep dental pulp by using
the outgrowth method (Figure 2). The cells were visualized
using phase-contrast microscopy and were examined with
flow cytometry for their stem cell markers. The cells were
found to be negative for hematopoietic stem cell marker CD
34 and positive for the mesenchymal stem cell marker CD 44
(15,19) (Figure 2).
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Figure 2. Outgrowth of DPSCs from minced pulp tissue at the end of week
1 (top). Flow cytometry analysis of isolated DPSCs (bottom). Scale bar:
200 um.

Osteogenic differentiation of the isolated cells into an osteoblas-
tic cell lineage

The isolated DPSCs were subjected to osteogenic differ-
entiation for 21 days in an induction medium containing
ascorbic acid, dexamethasone, and [3-glycerophosphate
(20). On days 7 and 21 of osteogenic induction, Alizarin Red
staining was performed to visualize the calcium phosphate
minerals deposited by the cells as an indicator of osteogen-
ic differentiation (Figure 3). It was observed that induction
of 21 days was satisfactory for calcium deposition and thus
differentiation.
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Figure 3. Alizarin Red staining of DPSCs in osteogenic differentiation. A) 7
days, B) 21 days post osteogenic induction. Scale bar: 200 um.

Characterization of pure collagen and CBA-C sponges

The surface characteristics of pure lyophilized collagen
and CBA-C sponges were examined with SEM (Figure 4). It
was observed that both pure and the composite sponges
are highly porous. The addition of BioAggregate did not af-
fect the formation of the highly porous structure of the com-
posite sponges, but the level of porosity was significantly
decreased upon BioAggregate addition.

The porosity of the sponges was measured using mercury
porosimetry and calculated from the SEM micrographs by
using ImageJ software. It was observed that the addition
of BioAggregate resulted in a decrease of porosity (reduced
from 86% to 59%) when measured with the mercury poro-
simeter (Table 1). On the other hand, analysis of SEM micro-
graphs by using Image J software indicated that the colla-
gen sponge’s porosity was 62% and decreased to 36% upon
BioAggregate in a corporation.

Pore size distributions of pure and composite collagen
sponges obtained from SEM micrographs are presented in
Figure 5. It was observed that the pure collagen sponge has
a higher fraction of larger pores than the CBA-C sponge.

Alamar blue cell viability test

In order to study the cell viability directly by Alamar Blue
cell viability test, L929 mouse fibroblast cells were seeded on

Figure 4. SEM micrographs of collagen-based sponges. A) Pure collagen,
B) Collagen-BioAggregate (10:1, w/w) composite sponge.

Table 1. Porosity of the sponges measured with two different
methods.

Porosity (%)
Sample Mercury Porosimetry SEM
Pure Collagen 36 62
Sponge
CBA-C Sponge 59 36
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Figure 5. Pore size distribution of the Collagen and CBA-C sponge as
determined by using ImageJ using SEM micrographs.

TCPS wells, and then pure and composite collagen sponges
were placed on top. It was found that the percent viability
of cells in the wells where collagen sponges are placed were
70% and 65% with pure collagen and CBA-C sponges, re-
spectively. The viability was less than TCPS control with no
sponge (Table 2); however, they are not significantly lower
than the 70% limit indicated in 1ISO10993-5 as the limit of
non-cytotoxicity.

Table 2. Cell viability after 48 h of direct contact with the sponges,
*seeded cell density 2x10* cells/well.

Sample Type Cell Number* Viability (%)
TCPS control 204,000+7000 100
Pure Collagen Sponge 142,000+£500 70
CBA-C Sponge 133,000+£9500 65

Proliferation of DPSCs and osteoblastic cells on CBA-C sponges

The biocompatibility of CBA-C sponges was studied by
Alamar Blue cell proliferation assay. For this study, both the
DPSCs and osteoblastic cells were seeded on the sponges,
and the proliferation of cells on sponges was compared with
the cells on TCPS (Figure 6 ).

It was observed that both stem cells and osteoblastic
cells proliferated on composite sponges for 21 days; how-
ever, it was also found that the proliferation rates of both
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Figure 6. Proliferation of DPSCs and osteoblastic cells during culture
on CBA-C sponge. DPSC-DT: DPSCs in differentiation medium on TCPS;
Osteoblasts-MT: Osteoblasts in maintenance medium on TCPS; DPSC-
DS: DPSCs in differentiation medium on CBA-C sponge; Osteoblast-MS:
Osteoblasts in maintenance medium on CBA-C sponge.



Collagen-bioaggregate scaffold as a capping material

157

cell types were lower than the cells on TCPS, probably due
to the smaller area of the sponges in comparison to TCPS
surface. In addition, at the end of 21 days, the number of
cells in the differentiation group (DPSC-DS) was found to
be lower than that of the osteoblast maintenance group
both on TCPS and on sponges (Osteoblast-MT and Osteo-
blast-MS; respectively).

Calcium phosphate deposition on CBA-C sponges

Figure 7 shows the SEM micrographs of cells on CBA-C
sponges after 21 days of culture. For this study, DPSCs were
seeded on the composite sponges and differentiated for 21
days. In addition, osteoblastic cells were seeded on separate
composite sponges and cultured in a maintenance medium
for 21 days. At the end of 21 days of culture, the sponges
were subjected to energy dispersive X-ray analysis (EDX).
Deposition of calcium and phosphate elements was ob-
served on CBA-C sponges for both cell types.

Figure 7. SEM micrographs of cells on CBA-C sponge after 21 days
of culture. A) DPSCs in differentiation medium, B) osteoblastic cells in
maintenance medium. Arrows point at the calcium phosphate minerals
on the composite structure.

Histopathological findings of dental samples

Phenotypic characteristics of cells found in reparative den-
tin tissue in CBA-C sponges and CBA-M applied groups were
not different.

Week 1

During the observations at the end of week 1, bleeding
was observed in teeth for both CBA-C sponges and CBA-M
applied groups. There was no reparative dentin tissue forma-
tion in the perforated area.

Week 2

In the CBA-C sponges applied group, the reparative dentin
tissue formation was started and vascularized fibrous tissue
formation was observed in the perforated area. However, hy-
peremia and porous structured reparative dentin tissue were
observed in the pulp tissue in the CBA-M applied group.

Week 3

In the CBA-C sponges applied group, the reparative dentin
tissue was formed, but there was a hyperemic porous struc-
ture towards the perforated area and in the CBA-M applied
group, reparative dentin tissue properly proceeded inside
the pulp tissue.

Week 4

At the end of the fourth week, the CBA-C sponges applied
group showed less porous reparative dentin tissue than
third week, and there were residues of a composite scaffold
in the reparative dentin tissue (Figure 8). Except for capillary
hyperemia, there was no sign of inflammation in the pulp
tissue such as neutrophils, macrophages and lymphocytes
infiltrations (Figure 8). In the CBA-M applied group, repara-
tive dentin tissue occupied a large portion of the pulp tissue
and necrotic tissues were observed in the perforated area.

Figure 8. Light microscopy image of Hematoxylin-Eosin stained tooth
sample of CBA-C sponge applied group (week 4). Residual composite
sponge (black arrow) and hyperemic areas (white arrows) (4X
magnification).

Week 8

In the CBA-C sponges applied group, complete, homoge-
nous, and compact reparative dentin tissue observed in the
perforated area and there were residues of composite sponge
in reparative dentin area. The capillary hyperemia was seen in
the same area. Integration of the existing dentin tissue with
reparative dentin tissue was also observed (Figure 9). In the
CBA-M applied group, on the other hand, necrotic tissue resi-
dues and hyperemia was observed (Figure 10).

Reparative dentin thicknesses measurements

The mean reparative dentin thicknesses are presented in
Table 3. It is observed that reparative dentin tissue forma-
tion started on week 2 in both CBA-C sponges and CBA-M
applied groups.

Figure 9. Light microscopy images of Hematoxylin-Eosin stained tooth
sample of CBA-C sponge applied group (week 8). Reparative dentin tissue
(black stars), odontoblast-like cells (black arrows), and hyperemic areas
(white arrows) (A: 20X magnification, B: 40X magnification).
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Figure 10. Light microscopy image of Hematoxylin-Eosin stained tooth
sample of CBA-M applied group (week 8). Necrotic tissues (black arrows),
hyperemic areas (white arrows), reparative dentin tissue (black stars) and
pulp (P) (4X magnification).

Table 3. Descriptive values of reparative dentin thicknesses with
respect to the time periods. Dentin Tissue Thickness were presented

as Mean + Std Dev. (um); *: Kruskal Wallis H test; a, b, ¢, A, B, C:
Different superscripts in the rows show a significant difference
(Bonferroni test; p<0.05); **: Mann Whitney U test.

Time periods

Materials 2 3 4 8 pP*
(CFB':)- ¢ 1339+487° 1881+£267° 1905+552° 1951+565° <0.05
f:':)-M 1253+104" 2227+393% 2759+318° 2869+455¢ <0.05
p** 0.955 <0.001 <0.001 <0.001

For the CBA-C sponges applied group, the differences
were determined between week 2 and weeks 3, 4, 8 (p<0.05).
In contrast, the other pairwise comparisons were not signif-
icant (p>0.05). Significant differences were found in repar-
ative dentin thicknesses of the CBA-M applied group be-
tween the week 2 and weeks 3, 4, 8, and week 3 and weeks
4, 8 (p<0.05); but not between weeks 4 and 8 (p>0.05). As
the same time periods of the CBA-C sponges and CBA-M
applied groups were compared, significant differences were
identified in the comparisons of 3, 4, and 8 weeks (p<0.001).
However, a similar comparison was not significant for week 2
of the CBA-C sponges, and CBA-M applied groups (p=0.955).

Discussion

The aim of direct pulp capping is to ensure the continui-
ty of the tooth pulp tissue vitality. This can be achieved by
using biocompatible dental materials and induce reparative
dentin formation, prevent bacterial infections of the pulp,
and ensure the repair of the vital pulp tissue. Recently, stud-
ies are carried out on regenerative dentistry practices in pulp
capping. Regenerative dentistry focuses on scaffold-based
or scaffold-free strategies (21). The use of growth factors and
biological molecules with scaffolds as a pulp capping mate-
rial increases the success of direct pulp capping treatment
(22).In this study, collagen and biocompatible BioAggregate

materials were either used in the form of composite sponges
(CBA-Q) as a scaffolding material or as a mixture (CBA-M) and
were compared for their effectiveness in the induction of re-
parative dentin formation.

For this study, DPSCs were used because it is known that
DPSCs exhibit mesenchymal stem cell properties and are
reported to be multipotent stem cells that can differentiate
into osteoblastic cells, including osteoblasts and especially
odontoblasts, in addition to other cell types such as adipo-
cytes and neural cells (13, 23, 24). There are still unknowns
about the potential and the behavior of the dental pulp pro-
genitor/stem cells (12).The cells isolated from the pulp tissue
were, therefore, examined with flow cytometry and found
to be positive for mesenchymal stem cell marker CD 44 (15)
(Figure 2). After this proof that the isolated cells belong to
mesenchymal stem cell lineage, they were then subjected
to osteoblastic differentiation. The differentiation towards
odontoblasts is similar to osteogenic differentiation, which
starts with an increase in ALP expression and is followed by
mineralization (20). Within 21 days of induction in the osteo-
genic differentiation medium, the isolated DPSCs could de-
posit calcium phosphate minerals, indicating that the cells
could differentiate into osteoblastic lineage (Figure 3).

The sponges used in this study were characterized in terms
of their porosities, pore size distributions, and cytocompat-
ibilities. The porosity of the sponges was studied both by
mercury porosimetry and the surface topography obtained
from SEM (Table 1). The lower porosity values obtained from
SEM micrographs might be due to the differences in the
measurement techniques. In mercury porosimetry, pressure
is used, so mercury penetrates deep into the sample (25),
while in SEM analysis, only the images of the surface of the
sponges are visualized and used for the analysis of porosity.
The pore size distribution of the sponges was also analyzed
by using the SEM micrographs (Figure 5). It was observed
that the CBA-C sponge has a high fraction of smaller pores
than the pure collagen sponge. The presence of inorganic
material BioAggregate probably physically blocks the pores
decreasing the porosity and lowering the average pore size.

The cytocompatibility of CBA-C sponges was shown in the
L929 mouse fibroblast cell line by using a direct contact ap-
proach (Table 2). The slight reduction in the cell number on
both pure collagen and CBA-C sponges, compared to TCPS
control, might be either due to the weight applied by the
sponges onto the cells or the migration of cells on TCPS into
the sponges. In addition, the presence of the sponges on top
of the cells may have blocked the diffusion of the culture me-
dium towards the cells underneath the sponge, thus leading
to the death of these undernourished cells. Furthermore, the
number of live cells in contact with either pure collagen or
CBA-C sponges is very similar, indicating that BioAggregate
does not have a negative effect on the cytocompatibility of
the composite.

The proliferation of DPSCs and osteoblastic cells on the
composite sponges were also studied (Figure 6). Both cell
types could proliferate on the sponges. The lower number
of cells in the differentiation group (DPSC-DS) compared to
the osteoblast maintenance groups (Osteoblast-MT and Os-
teoblast-MS) might be due to the reduced proliferation rate
of the stem cells during the differentiation phase (26). The
DPSCs seeded on the sponges were able to differentiate to
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osteogenic lineage and deposit calcium phosphate minerals
(Figure 7) with comparable Ca:P ratios deposited by osteo-
blastic cells maintained on the sponges for 21 days.

It is known that BioAggregate is not cytotoxic, and it can
induce odontoblastic differentiation of tooth pulp stem
cells and mineralization under in vitro conditions (27-30).
In this study, untreated teeth (not used in the experimen-
tal groups) of animals were collected, and stem cells were
isolated from their pulp tissues. After the differentiation pro-
cess, osteoblastic cells were seeded on the CBA-C sponges.
After 21 days of incubation on the sponges, calcium phos-
phate deposition was observed on the sponges.

BioAggregate, being a biocompatible cement, can be used
in endodontic fillings and repair (31). In a study, the effect
of four different materials, including BioAggregate and Pro-
Root MTA, on odontogenic differentiation of human tooth
pulp cells were studied (32). It was found that samples with
ProRoot MTA and BioAggregate both presented the ALP ac-
tivity. ALP is an indicator of early osteoblastic differentiation
and has important roles in the mineralization process. How-
ever, more mineralized nodules were observed with BioAg-
gregate used samples than with ProRoot MTA samples at the
end of the 14" day (32, 33). Another study showed that at
the end of the 4 th week MTA, Biodentine and BioAggregate
induced adequate reparative dentin formation in rat pulps
(34). Similarly, in our study, it was observed that both CBA-C
sponges and CBA-M led to osteodentin formation, which
showed similar mineralization as the dentin tissue of the
tooth 2 weeks post-implementation.

In another study, the biocompatibility of MTA and Bio-
Aggregate was evaluated. The materials were produced in
line with the producer’s instructions, placed in Teflon plates,
and implanted in the back of the rats. Rats were sacrificed
on the 7™ and 30" days, and kidney and liver samples were
histologically and morphologically examined. It was found
that MTA and BioAggregate caused inflammation in the
kidney and liver and that MTA had a higher inflammatory
effect than BioAggregate (35). Morais et al. and Parirokh et
al. specified that the inflammatory response of the subcuta-
neous tissue against MTA reduced after 60 days. However, it
was not clearly stated whether there was complete healing
compared to the control group (36,37). In our study, no in-
flammatory response was observed except for capillary hy-
peremia.

It is known that type | collagen is the main extracellular
matrix protein of the pulp and dentin matrix (38). It also has
importantroles in the adhesion and proliferation of cells (39).
Jang et al. investigated the effect of gelatin- and fibrin-based
hemostatic hydrogels as a scaffold in regenerative endodon-
tics therapy. Gelatin is a collagen based biopolymer protein.
And they reported that significantly higher cell viability was
observed at the gelatin-based scaffolds group when com-
pared with the fibrin-based scaffolds group (40). We, there-
fore, used type | collagen as the other component of our
sponges.

Kakarla et al. (41) used collagen particles impregnated
with antibiotics and Pulpotec™ cement as a capping mate-
rial in deciduous (baby) teeth. The histological examinations
revealed that inflammation was reduced in both groups on
days 7 and 15. At the end of day 30, no inflammation was
observed, and the dentin bridge was formed. Furthermore,

it was observed that the collagen structure was a better cap-
ping material compared to the Pulpotec cement. In another
study collagen based scaffolds, which contain polyethylene-
imine (PEI) - bonemorphogenic protein-2 (pBMP-2) and/or
fibroblast growth factor-2 (pFGF-2) nanoplexes increased
cell proliferation, expression levels of BMP-2 and FGF-2, and
mineralization when compared to ProRoot- MTA group (42).
Similarly, in our study, there were tubule-like structures sim-
ilar to the osteodentin structure of natural dentin tissue in
some samples of CBA-C sponges applied group on week
8. In addition, new tissue formation was observed within
some samples of CBA-C sponges applied group on week 8,
and this was due to the attachment and penetration of sur-
rounding cells into the sponge, as was also reported in other
in vitro studies (43).

Dick and Carmichael (44) evaluated the effectiveness of
collagen sponge as a capping material and observed that
the collagen sponge did not result in a thick dentin bridge
formation, but it presented mineralization. In our study at
the end of Week 8, the dentin was more compact in the
CBA-C sponges applied group, and reparative dentin tissue
formation was thicker in the CBA-M applied group. However,
necrotic tissue residues seen in the perforation area in the
CBA-M applied group may prepare the ground for bacterial
infiltration by resorption.

In a clinical study, the effect of dental pulp stem/progen-
itor cells and collagen sponge on the healing of the human
mandible was examined. These cells were isolated from one
of the lower third molar teeth of patients. The cells were
seeded on the collagen sponge and then placed in the tooth
extraction gap. The third molar tooth, which was in the op-
posite direction, was used as the control sample with no in-
tervention. Dental pulp stem/progenitor cells on the colla-
gen sponges started bone regeneration after three months.
According to the radiography results, the cortical bone level
was higher in the experimental group compared to the con-
trol sample. After one year, a well-organized bone structure
was observed in the intervention area, which was shown by
radiographic and histological examinations and immuno-
flourescent microscopy (45). In our study, the histological
examinations revealed that after 8 weeks, the perforation
area was entirely recovered by the osteodentin structure in
both groups; however, in CBA-M, applied group necrotic tis-
sue residues were observed in the cavitation area.

The results of this study show that the collagen-BioAggre-
gate sponges have a porous structure, which is important
for the integration and maintenance of cells. The sponges
were found to be biocompatible with both DPSCs and os-
teoblastic cells, and the DPSCs seeded on the sponges can
differentiate into the osteoblastic lineage and deposit calci-
um phosphate mineral. And the histopathological findings
of our study showed that collagen-BioAggregate spong-
es could provide reparative dentin formation more ideally
compared to the mixture of collagen-BioAggregate.

Conclusion

CBA-C sponge represents a better microenvironment for
reparative dentin formation probably due to maintaining
DPSCs and allowing their osteogenic differentiation and
thus calcium phosphate deposition. Adding spongy struc-
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ture to pulp capping materials can increase success in direct
pulp capping treatments.

Tiirkge Ozet: Kolajen-bioaggregate kompozit yapi iskelesinin koyun pulpa
dokusunun tamirinde degerlendirilmesi. Amag: Bu ¢alismada kolajen-Bio-
Aggregate karisimi (CBA-M) ve yapi iskelesi malzemesi olarak kolajen-Bio-
Aggregate kompozit (CBA-C) siingerin dentin tamiri (izerindeki etkilerinin
karsilastinimasi amaglanmistir. Gereg ve Yontem: Olusturulan CBA-C siin-
ger (10:1 w/w) Taramali Elektron Mikroskopu (SEM) ve Civa Porozimetrisi ile
karakterize edildi ve CBA-C siingerin L929 fare fibroblast hticre hatt lizerin-
deki sitotoksik etkisi incelendi. Koyun dis pulpa dokusundan dis pulpa kék
hiicreleri (DPSCler) izole edildi ve mezenkimal kék hticre belirleyicisi olan
CD44 ekspresyonunu incelemek icin akis sitometrisi kullanild. izole edilen
DPSCler’in osteojenik farklilasma diizeyi Alizarin kirmizisi ile boyanarak de-
gerlendirildi. CBA-C stingerin biyouyumlulugu, hticre ¢ogalmasi ve hiicre-
lerin kalsiyum fosfat biriktirebilmeleri agisindan incelendi. CBA-C siinger ve
CBA-M’ nin dentin rejenerasyonunu indtikleyici etkisi perfore edilen koyun
dis pulpalarinda sekiz haftalik zaman araliginda incelendi ve uygun istatis-
tiksel yéntemlerle analizler degerlendirildi. Bulgular: CBA-C stingerin DPSC-
ler icin biyouyumlu oldugu sonucuna varildi. CBA-C siinger (izerine ekilen
DPSCler osteoblastik kbkene farklilasti ve in vitro kosullarda kalsiyum fosfat
kristalleri ¢6kelmesi gézlendi. CBA-C siinger uygulanan grupta iki hafta
sonra tamir dentini olusumu gézlendi. Sekiz haftanin sonunda CBA-C siin-
ger uygulanan grupta tamamlanmis tamir dentini olusumu gézlenirken,
CBA-M uygulanan grupta nekrotik doku artiklan gézlendi. Sonug: CBA-C
stinger, DPSCler’ in stirekliligine, osteojenik farklilasmasina ve dolayisiyla
kalsiyum fosfat birikimine izin vermesiyle tamir dentini olusumu icin iyi bir
ortam sunmustur. Anahtar kelimeler: Direkt pulpa kuafaji, tamir dentini,
kolajen stinger, BioAggregate, BioAggregate-siinger kompozit.
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