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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 ar-
ticles and journal content are licensed under
Creative Commons License Attribution-Non-
Commercial-NoDerivatives 4.0 International
(CC BY-NC-ND 4.0) license (https://creative-
commons.org/licenses/by-nc-nd/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 journal endorses its use. The material
cannot be used for commercial purposes. If
the user remixes, transforms, or builds upon
the material, he/she may not distribute the
modified material. No warranties are given.
The license may not give the user all of the
permissions necessary for his/her intended
use. For example, other rights such as public-
ity, 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-VI
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« Introduction

»  Case report (or case series)

«  Discussion

«  Conclusion

«  Acknowledgements (optional)
«  Source of funding

- Conflict of Interest

«  References

Narrative or systematic reviews and

meta-analyses

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

This type of manuscript should be organized
as follows:

«  Title page

«  Abstract & Keywords

«  Introduction

«  Conclusion

. Acknowledgements (optional)
«  Source of funding

«  Conflict of Interest

«  References

Authors who are willing to submit a system-
atic review or a meta-analysis may use the
same manuscript design as for the original
research articles.

Letter to the Editor

Letters to the Editor are short articles (limited
to 500 words and 5 references) in which read-
ers can share their opinions and comment on
articles published in the past 12 months. Au-
thors should clearly cite the article to which
they are referring. Letters will be evaluated
by the Editor-in-Chief and, if accepted for
publication, the author(s) of the original pa-
per will be invited to submit a reply.
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Acknowledgements

This section is optional. Authors must ac-
knowledge all individuals who do not fulfill
the requirements for authorship but who
had contributed to the preparation of the
manuscript by providing assistance in writ-
ing, literature search, data analysis and/or
supply of materials.

Source of funding

This section is mandatory to be filled out.
Financial support from any institutional, pri-
vate or corporate sources must be disclosed.
Clearly state the name of the funding organi-
zation, year and the project number:

“This study has been supported by a research
grant from XXX foundation, university, gov-
ernment etc.. (project number: 2012/828128)

If you have no source of funding declaration
to make, please write “None declared”.

Conflict of Interest

This section is mandatory to be filled out.
Any financial or personal activities (royalties,
grants, consultancy fee, patent registration,
ownership, employment) that could be per-
ceived as potential conflicts of interests must
also be disclosed.

Clearly state the names of the author(s) and
organization(s) and the type of payment(s):

"Dr. Smith is a consultant for the company X/
receives a consultancy fee from the company
X or “Until recently, Dr. Smith was in an em-
ployment relationship with the company Z".

If you have no declaration to make, please
write “None declared”.

References

Eur Oral Res recommends the use of refer-
ence management software to ensure that
the references are correctly formatted. All au-
thors must be included in this section, in con-
trast to the in-text citations. Journal abbrevi-
ations should be formatted according to the
PubMed - NLM Journal Title Abbreviations
(http://www.ncbi.nIm.nih.gov/journals). Au-
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thors are advised to consult a recent issue of
the journal. Use single line spacing for this
section. Please do not cite unpublished ar-
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Evaluation of maxillary sinus expansion in children due to

maxillary first molar extraction

Purpose
This study is aimed at understanding the effects of maxillary first molar extraction
on the expansion of maxillary sinus in children.

Subjects and methods

119 patients (aged 11-17 years) who had only one extracted maxillary first molar
were included in the study. The superoinferior differences of the sinus floor position
were measured in both dentate and edentulous sites on panoramic radiographs.
The expansion of the maxillary sinus after maxillary first molar extraction was
investigated in relation to fixed anatomic structures. The interorbital line (IL) and
two zygomatic process lines (IZ) were used as a reference. The vertical distances
between the IL and the inferior border of the maxillary sinus (IS) in edentulous (ISy)
and in dentate sites (ISt) were measured. The data was analyzed statistically.

Results

The amount of maxillary sinus expansion in ISX was statistically significant in
comparison to ISt (p<0.001). The most prominent sinus expansions were found in
subjects with extractions over six months prior to analysis (p<0.001). A negative
correlation was detected between the amount of maxillary sinus expansion and
ISt (r = -0.438, p<0.001). There was a positive correlation between the amount of
maxillary sinus expansion and |Zy (r = 23.8, p< 0.009).

Conclusion

This study showed that the extraction of one maxillary first molar resulted in a
negligible amount of sinus expansion in children. The results could be attributed to
there being only one tooth extraction and a transferring of functional forces to the
area of the neighboring teeth.

Keywords: Maxillary sinus; sinus expansion; tooth extraction; panoramic radiography;
children

Introduction

The expansion of paranasal sinuses begins at birth and continues with
the development of the facial cranium (1). The maxillary sinus is the first
sinus to develop, it starts growing in the fifth fetal month, reaches its final
growth between 12-14 years of age and ends following the eruption of
the 3 molars (2,3).

Pneumatization of the sinus may be influenced by a number of factors
including heredity and disuse atrophy. The dimensions of the maxillary
sinus can be affected by the environmental factors, genetic diseases and
infections (3). Wehrbein and Diedrich (4) reported a direct correlation
between the amount of sinus expansion after tooth extraction and the
projection length of roots into the sinus.

The extraction of the maxillary molar teeth results in dimensional
changes with bone loss of the sinus floor (5). The rapid bone destruction can
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extend to the alveolar process, moreover, the bone doesn't
regenerate to the preoperative level (5-7). Bone height can
decrease alongside maxillary sinus extension into the alveolar
process (8). Sinus expansion is clinically important during
tooth extraction or an implant insertion (9).

The maxillary sinus may be accidentally opened during
difficult tooth extractions (10). Sinus expansion has been
investigated by some clinical studies with various results
(11-15). Some studies have found an increase in size after
molar extractions (11,15), while other studies have reported
no difference in sinus size between dentate and edentulous
subjects (12,16,17).

This study is aimed at understanding the effect of upper
first molar extraction on the expansion of maxillary sinus
in children. The main null hypothesis tested in the present
study is that first molar extraction in children has no effect
on maxillary sinus expansion.

Subjects and methods
Study design

The Ethics Committee of Istanbul University, Faculty
of Medicine approved this study (2011/2108-895) and
the subjects parents gave informed consent for them to
participate in the study. The guidelines of the Helsinki
Declaration were followed in this investigation.

Panoramic radiographs were taken from patients who
received dental treatment at Istanbul University’s Pediatric
Dentistry and Oral-Maxillofacial Surgery Departments,
Istanbul, Turkey. The panoramic radiographs were all
obtained using a Kodak 8000 Digital Panoramic Machine
(Carestream Health, Inc., Rochester, NY, USA) at kVp 65-
68; MmA range varies between 2-3,2 for infants; 5-6.5 for
adolescents. The subjects’ selection criteria were as follows:
(1) extraction only of one maxillary first permanent tooth,
(2) no history of sinus diseases.

Study population

119 patients (aged 11-17 years) who had only one
extracted maxillary first molar were included in the study.
The superoinferior differences of the sinus floor position
were measured both in dentate and edentulous sites on the
panoramic radiographs and were obtained at least 6 months
after tooth extraction.

Image analysis

We used the method which previously described by
Sharan and Madjar (15) for evaluating vertical distances on
panoramic radiographs. Expansion of the maxillary sinus
after maxillary first molar extraction was investigated in
relation to fixed anatomic structures. The interorbital line (IL)
and two zygomatic process lines (IZ) were used as a reference.
The reference lines were marked on the radiographs with
a pencil then they were scanned and digitized. Adobe
Photoshop 7.0 software was used to measure the distance
between the interorbital line and the zygomatic process
lines on images magnified by 200%. The vertical distances
between the IL and the sinus floor (IS) in edentulous (ISX)
and in dentate sites (IST) were measured. The lengths of the

Figure 1. Interorbital line and two zygomatic process lines used as ref-
erence lines on panoramic radiographs.

vertical distances between the IL and I1Z on both sides (1ZX,
IZT) of the jaw were also measured (Figure 1).

The ratio: IS/IZ was used to express the position of the sinus
floor. The maxillary sinus pneumatization is calculated using
the formula ISX- (IST*IZx/IZT). A positive value was evaluated
as an inferiorly located sinus floor on the edentulous site. We
repeated the measurements three times and used the mean
value for statistical analysis.

Statistical analysis

Statististical analyses were performed using Statistical
Package for Social Scince (IBM Corp. Released 2012. IBM
SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM
Corp, USA). Shapiro-Wilk, Mann-Whitney U and Spearman’s
Rho correlation tests were applied. Data was expressed as
means and medians of the study groups. Confidence interval
was set to 95% and p values less than 0.05 were considered
statistically significant.

Results

The number of patients, according to age and sex are
presented in Table 1. The mean age of the subjects included
in the study (69 boys, 50 girls) was 13.06+1.54. Evaluation
of ISX and IST parameters is presented in Table 2. There
was no statistically significant differences between the
investigated parameters. The mean values for maxillary
sinus expansion according to time are presented in Table
3. The average length of time following tooth extraction

Table 1. Number of patients stratified by age and sex.

Age (years) Male Female Total

11 15 (21.7%) 7 (14%) 22 (18.5%)
12 17 (24.6%) 8 (16%) 25(21%)
13 12 (17.4%) 18 (36%) 30 (25.2%)
14 10 (14.5%) 8 (16%) 18 (15.1%)
15 9 (13%) 7 (14%) 16 (13.4%)
16 4 (5.8%) 2 (4%) 6 (5%)
17 2 (2.9%) 0 (0%) 2 (1.7%)
Total 69 (100%) 50 (%100) 119 (100%)




Maxillary sinus expansion

Table 2. Evaluation of ISy and ISt parameters stratified by age and sex. (ISy: Vertical distance between the interorbital line (IL) and the sinus

floor (IS) in edentulous site; ISy: Vertical distance between the interorbital line (IL) and the sinus floor (IS) in dentate site, Mann Whitney U test; SD:

standard deviation).
ISy ISt
Age Sex
Mean=SD (median) Mean=SD (median)
» Boys 20.27+1.87 (20) 18.53+£1.55 (18)
Girls 19.57+0.98 (20) 17.29+2.14 (18)
p 0.460 0.110
1 Boys 20.41+£2.18 (20) 19.18+1.88 (19)
Girls 19.88+2.85(19.5) 19+3.07 (19)
p 0.358 0.781
. Boys 20.17£1.95 (20) 19.25+3.6 (18)
Girls 19.5+1.34 (19.5) 18.28+1.27 (18.5)
p 0.597 0.842
Boys 20.6+2.17 (20) 18.8+2.9 (18)
1 Girls 214+2.33(21) 19.13+2.53 (19)
p 0.547 0.361
Boys 21.73+£2.84 (21) 20.67+3.27 (19)
B Girls 21.22+3.35(21) 19.22+£3.42 (19)
p 0.566 0.243
Total Boys 20.65+2.25 (20) 19.32+2.7 (19)
Girls 20.12+2.25 (20) 18.56+2.39 (19)
p 0.222 0.276

Table 3. Maxillary sinus expansion according to time after extraction

(Mann Whitney U test *p<0.05, SD: Standard deviation).

Time Sinus Expansion mean+SD (median)
0-6 months -1.09+2.12 (-0.4)
6-24 months 0.73+£2.53(0.6)
p 0.001*
Maxillary sinus expansion
4
% -
2
0,73
4, et
§ 0
S -1
2 -1/09 A
-3
-4
0-6 months 6-24 months

Figure 2. Maxillary sinus expansion stratified by time factor after ex-
traction.

was 8.02+1.72 months. The amount of maxillary sinus
expansion significantly increased with the time intervals
after extractions (p=0.001). Those patients with extractions

Table 4. The evaluation of the correlations between the amount of
maxillary sinus expansion and ISX, IST, IZX, IZT measurements
(Sperman’s rho *p<0.05, ISX: Vertical distance between the
interorbital line (IL) and the sinus floor (IS) in edentulous site IST:

Vertical distance between the interorbital line (IL) and the sinus floor
(IS) in dentate site IZX : Vertical distance between the interorbital line
(IL) and the zygomatic process line (IZ) in edentulous site IZT: Vertical
distance between the interorbital line (IL) and the zygomatic process
line (I1Z) in dentate site).

Maxillary sinus expansion

< r 0.043
X p 0.645
< r -0.438

T p 0.001*
. r -0.057

X p 0535
. r 0.238

T p 0.009*

over six months presented the largest sinus expansions
(Figure 2). Evaluation of the correlations between the
amount of maxillary sinus expansion and ISX, IST, 1ZX, IZT
measurements is presented in Table 4. A negative correlation
was detected between the amount of maxillary sinus
expansion and IST (r =-0.438, p=0.001), (Figure 3). There
was a positive correlation between the amount of maxillary
sinus expansion and IZT (r =23.8, p=0.009), (Figure 4).
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Figure 3. The negative correlation between the amount of maxillary
sinus expansion and IST (ISy: The vertical distance between the interor-
bital line (IL) and the sinus floor (IS) in dentate site).
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Figure 4. The positive correlation between the amount of maxillary si-
nus expansion and IZ (IZy: The vertical distance between the interor-
bital line (IL) and the zygomatic process line (IZ) in dentate site).

Discussion

This study documented the effect of only one upper first
molar extraction on the expansion of maxillary sinus in
children. Both dentate and edentulous sites of each patient
were evaluated. It is important and essential for clinicians to
investigate the relation of the upper posterior teeth roots
with the maxillary sinus floor for the proper preoperative
treatment planning in the maxillary posterior area (2).
The ideal time for the loss of the first permanent molars
is the age of 8-9 years, before the eruption of the second
permanent molar (16). The early eruption of the second
molar might establish a good contact relationship with the
second premolar (17).

In this study, the amount of time that passed after the loss
of the maxillary first permanent molars was during or after
the eruption of the second permanent molars. Extractions
of first permanent molars in these time intervals may result
in some occlusal consequences including incomplete space
closure, mesial tilting and distal drifting of the neighboring

teeth, over-eruption of the opposing molar, and alveolar
bone atrophy (16,17).

The extraction of the maxillary second molars have
reported to cause greater sinus expansion compared tothe
extraction of maxillary first molars (15). Sharan and Madjar
(15) reported that when two or more adjacent posterior teeth
are extracted, the sinus volume become larger. The results
of this study revealed an lesser expansion of the maxillary
sinus floor in the edentulous sites. The negligible amount
of sinus expansion could be attributed to there being only
one tooth extraction and a transferring of functional forces
to the area of the neighboring teeth.

Sinus pneumatization also occurs if mandibular posterior
teeth have been missing for an extended time which leads
the the opposing maxillary posterior teeth to overerupt
(13). Tolstunov et al. (18) reported that the older edentulous
patients tend to demonstrate higher rate of bone resorption in
the maxilla which causes the enlargement of the sinuses. In the
present study, the patients with extractions over six months
prior to analysis presented the largest sinus expansions. Sinus
also may expand due the presence of large defects in the
extraction site and decreased bone resistance because of the
extended healing period of the alveolar socket (14).

Several techniques are used to assess the relationship
between the roots of the upper posterior teeth and the
maxillary sinus (2,4,12,13,15,16). Panoramic radiography
allows the visualization of various anatomic structures,
is widely available and relatively inexpensive (13). Its
disadvantages include overlapping of the anatomical
structures, distortion, magnification and inadequate
resolution (4,19). CBCT provides multiplanar images in
expense to higher doses of radiation, being expensive, and
limited availability (20). In this study, the supero-inferior
differences of the sinus floor position were measured both in
dentate and edentulous sites on the panoramic radiographs.

Atraumatic tooth extraction is important for the
preservation of the alveolar bone volume and soft tissues as
well (21). Schropp et al. (22) reported a significant reduction
in the alveolar ridge width the within the first 3 months after
single tooth extractions. Proper mechanics and light forces
are recommended to reduce iatrogenic root resorption
during orthodontic treatment through the maxillary sinus
when the maxillary posterior teeth were extracted and
space closure was selected as the treatment approach (13).
The treatment plan for edentulous spaces always includes
the option of implants in adults, but it is recommended
to delay an implant placement until after the cessation of
growth in children (23,24).

Conclusion

This study demonstrated that the extraction of one
maxillary first molar resulted in a negligible amount of sinus
expansion in children. This can be related to the limited
space left after the extraction of only one tooth for the sinus
to expand and also to the transfer of the functional loads to
the adjacent teeth.
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Tiirk¢e 6z: Cocuklarda maksiller birinci bliylik azi disi cekimine bagl
maksiller siniis genislemesinin degerlendirilmesi. Amag: Bu ¢alisma,
maksiller birinci bliyiik azi disi ¢ekiminin maksiller siniisiin genislemesi
lizerine etkisini anlamayr amaclamistir. Bireyler ve yéntem: Sadece bir
maksiller birinci biiyiik azi disi ¢ekilmis olan 119 hasta (yaslari 11-17)
calisma kapsamina alinmistir. Hem disli hem de dissiz bolgelerde sindis
tabani pozisyonunun superoinferior farklari, panoramik réntgenler
tizerinde 6l¢iilmdstiir. Maksiller birinci biiylik azi disi ¢ekimi sonrasi
maksiller siniistin genislemesi sabit anatomik yapilarla iliskili olarak
arastirllmistir. Referans olarak interorbital hat (IL) ve iki zigomatik
proses hatti (1Z) kullanilmustir. IL ile dissiz bolgelerdeki (ISy) ve disli
bélgelerdeki (ISt) maksiller siniisiin (IS) alt sinir arasindaki dikey
mesafeler Gl¢tilmdistiir. Veriler istatistiksel olarak analiz edilmistir.
Bulgular:ISX'de maksiller siniis genisleme miktari IS’ye gére istatistiksel
olarak anlamliydi (p <0.001). En bliyiik sintis genislemeleri, alti aydan
daha uzun siire dnce ¢ekim yapilan hastalarda tespit edildi (p< 0.001).
Maksiller sintis genislemesi ve ISt miktari arasinda negatif korelasyon
saptandi (r=-0.438, p< 0.001). Maksiller siniis genislemesi ve IZy miktar
arasinda pozitif bir korelasyon vardi (r = 23.8, p< 0.009). Sonug¢:Bu
calisma, bir maksiller birinci blyiik azi disi ¢ekiminin ¢ocuklarda
6nemsiz miktarda siniis genislemesi ile sonu¢landigini géstermistir.
Sonuglar sadece bir dis cekimi olmasi ve komsu dislerin alanina
fonksiyonel kuvvetlerin aktarimi ile aciklanabilir. Anahtar kelimeler:
Maksiller sintis; siniis genislemesi; dis cekimi; panoramik réntgen; cocuk
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Evaluation of fracture resistance of roots-filled with various root

canal sealers at different time periods

Purpose

The reinforcement effect of 3 various root canal sealers (AH 26, MTA Plus sealer and
BioRoot RCS) and gutta-percha at different time periods (1 week and 1 month) were
evaluated in the present study.

Materials and Methods

Single-rooted, single-canalled, cracks-free 80 mandibular premolars were
decoronated to a length of 13mm. Group PC (positive control, n=10): samples were
left unprepared and unfilled. Seventy samples were prepared by using the ProTaper
Rotary System up to F4. Group NC (negative control, n=10): samples were left
unfilled. Remaining 60 samples were assigned into 3 groups; Group 1: AH 26 + F4
gutta-percha (GP); Group 2: MTA Plus sealer + F4 GP and Group 3: BioRoot RCS + F4
GP. Filled samples were divided into subgroups according to storage time: Samples
in Groups 1A, 2A, and 3A were stored for 1 week; while Groups 1B, 2B and 3B were
stored for 1 month at 100% humidity to allow the complete setting of the sealers
(n=10, for each). A universal testing machine at a crosshead speed of 1.0 mm/min
was used for fracture testing. For each specimen, the force at the time of fracture
was recorded and the data were analyzed statistically.

Results

The highest fracture resistance values were obtained in Group PC, while the lowest
values were obtained in Group NC. Groups PC and NC were statistically different
from each other and from other groups, regardless of time (p<0.05). Fracture
resistance values of Group AH 26/GP were statistically different from MTA Plus
sealer/GP (p<0.05) and were statistically similar with BioRoot RCS/GP, irrespective of
time. Within group comparisons revealed that there were no statistically differences
between samples filled with same sealer at different time periods.

Conclusion

Root canal preparation caused decreased fracture resistance. All sealers increased
the force values needed to fracture the filled samples compared to unfilled ones.
Time factor had no effect on the fracture resistance values.

Keywords: Calcium silicate sealer; root canal obturation; vertical root fracture; time;
endodontics

Introduction

One of the major aims of the endodontic treatment is to reinforce the
remaining tooth structure with root canal filling materials after chemical
and mechanical preparation (1). These filling materials, placed within the
root space, might prevent vertical root fractures, which could arise during
or following root canal treatment and often lead to extraction of the tooth
(2). However, there are conflicting results regarding whether the strength
of roots could be enhanced after conventional root canal filling with gutta-
percha and sealer, in vitro (3-7).
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El-Ma'aita et al. (8) reported that mineral trioxide aggregate
(MTA) supported the tooth structure and as a result MTA
filled roots resisted against vertical root fractures (8). Calcium
releasing ability (9) and bioactivity (10) of MTA increase its
popularity and this leads to tricalcium silicate-based sealers
(TSBSs) production. TSBSs have ability to form hydroxyapatite
and a bond between dentin and filling material during the
setting process, as a result of this process, mineral infiltration
zone is formed (11).

BioRoot RCS (Septodont, Saint-Maur-des-Fosses, France)
and MTA Plus sealer (Avalon Biomed Inc, Bradenton, FL)
are recently introduced silicate-based sealers to the dental
market. BioRoot RCS is a water-based sealer. Powder part
of BioRoot RCS is composed of tricalcium silicate, povidone
(stickiness agent), and zirconium dioxide (contrast medium);
while the liquid part of it is composed of calcium chloride
(curing accelerator) with polycarboxylate as an aqueous
solution (12,13). BioRoot RCS releases calcium hydroxide
after setting (12) and a calcium phosphate phase is formed
when it contacts with physiologic solution (13). Micro-
computed tomographic analysis revealed that using AH
Plus sealer decreased the percentage of voids significantly
compared to BioRoot RCS, but no differences were observed
regarding fluid flow and microsphere penetration (14).
Sealer penetration and interaction with the dentin walls
patterns showed diversity between these 2 sealers (14).
Powder part of MTA Plus sealer can be mixed with a liquid
or a gel. MTA Plus sealer has similar composition to ProRoot
MTA however, its particle size is finer than ProRoot MTA (15).
In order to obtain root canal sealer, powder could mix with
gel, which improves its handling properties and washout
resistance (16). DeLong et al. (17) reported favorable push-
out bond strength values with MTA Plus sealer combined
with single gutta-percha cone.

There are several studies evaluating the effects of TSBSs
on the fracture resistance of endodontically treated teeth (5-
7); so, the aim of this study was to compare the effect of di-/
tri-calcium silicate-based root canal sealers on the resistance
of endodontically treated roots to vertical root fracture over
different time intervals. Epoxy resin sealer (AH 26 Dentsply
de Trey, Konstanz, Germany) was employed as reference
material for comparison. The null hypotheses of this study
were as follows: first, the root canal sealer has no influence
on the vertical root fracture resistance of endodontically
treated teeth. Second, the resistance to vertical root fracture
of endodontically treated teeth filled with different sealers
and gutta-percha does not change over time.

Materials and Methods
Sample characteristics and preparation

Eighty extracted caries-free, single rooted, human
mandibular premolar teeth were used. Teeth examination
was carried out under an operating microscope (Zeiss,
Oberkochen, Germany) in order to exclude teeth with
microcracks. A digital caliper was used to measure the
mesiodistal and buccolingual diameters of the coronal
surface. Then, the mean of these dimensions was obtained.
If the dimensions of specimens presented a difference
of 20% from the mean, they were discarded in order to

obtain standardized samples (18). Furthermore, the root
canal morphology was determined with buccolingual and
mesiodistal radiographs and then, the teeth were randomly
assigned into the experimental groups according to root
canals shape as round and oval. Until utilization, teeth were
stored in deionized water under 4 °C. The specimens were
decoronized at the cemento-enamel junction to create
length in 13 mm. Randomly selected 10-decoronized samples
were represented positive control group (Group PC). The
root canals of the remaining 70 teeth were instrumented
using the ProTaper rotary files (Dentsply Maillefer, Ballaigues,
Switzerland) up to F4 with torque controlled endodontic
motor (X Smart Plus, Dentsply Maillefer). After each file,
2 mL of 5.25% NaOCl was used to irrigate the root canals.
Following last NaOCl irrigation, 2 mL of 17% EDTA was used
to remove smear layer for 3 min and finally distilled water was
used. Paper points (Dentsply Maillefer) were used to dry the
canals. Following instrumentation, 10 teeth were assigned as
negative control group without further intervention (Group
NC). Remaining 60 teeth were divided into 3 main groups
according the root canal sealers were used during root canal
filling: Group 1: AH 26 + F4 Gutta-percha (Dentsply Maillefer),
Group 2: MTA Plus sealer + F4 Gutta-percha, Group 3: BioRoot
RCS + F4 Gutta-percha. Following root filling, excess gutta-
percha was removed with heat and an appropriate plugger
was used to compact the coronal material. A temporary
filling material (Coltosol, Coltene, Whaledent Inc., Altstaetten,
Switzerland) was placed over the obturation materials. The 10
teeth from each experimental group (Subgroups 1A, 2A and
3A) were stored at 37 °C at 100% humidity for 1 week to allow
the sealers to set, while the remaining 10 (Subgroups 1B,
2B and 3B) were stored under same conditions for 1 month
before fracture resistance test.

Fracture Resistance Test

Fracture resistance of each sample was tested at the end of
the respective time period. However, samples in groups PC
and NC were tested at the end of 15 month. Four millimeters
of the roots were embedded into the self-cure acrylic resin
(Imicryl, Konya, Turkey), that was poured to the cylindrical
molds (diameter: 15mm, height: 13 mm), exposing 9 mm
of the roots. Similar methodology and set-up were used in

Figure 1. Representative sample of groups mounted on Universal test-
ing machine (A), vertical root fracture at the end of test (B), example of
non-restorable vertical root fracture in buccolingual direction (C).
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Table 1: Experimental groups and fracture resistance values (FRV) of tested samples in Newtons. (*Different superscript letters mean statistical

difference between groups p<0.05).

Time periods

Groups

1Week 1 Month P Value
AH 26/GP 296.89+38.75° 334.05+29.31° 0.056
MTA Plus/GP 258.91+37.79 275.34+36.76 ° 0.393
BioRoot RCS/GP 288.85+45.68 @ 294.51£52.50 * 0.768
Group PC 474.21+62.86 ¢
Group NC 205.19+15.28 ¢

previous studies (1-6). Following the removal of temporary
filling material, lower plate of the universal testing machine
(Instron, Canton, MA, USA) was used for the mounting of the
samples (Figure 1A). A vertical compressive loading (rate: 1
mm/min) was applied via spherical steel tip (diameter: 2 mm)
to the coronal surfaces of roots until the fracture occurred
(Figure 1B-1C). The force required to fracture each specimen
was recorded and expressed in Newton.

Statistical analysis

Statistical analysis was performed using SPSS package
program (IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY, USA). Univariate analysis of variance (two-way
ANOVA) with Bonferroni post-hoc test was used to compare
the obtained statistical data (p<0.05). Fractures modes were
also recorded as favorable (root fractures at the cervical third
were classified as restorable) and catastrophic (fractures at
the middle and apical thirds were classified as non-restorable)
(19). Confidence interval was set to 95% and p<0.05 was
considered statistically significant.

Results

The results are shown in Table 1. The highest fracture
resistance values were obtained in Group PC, while the lowest
values were obtained in Group NC. Groups NC and PC were
statistically different from each other and from other groups,
regardless of time (p<0.05) (Table 2). Fracture resistance
values (FRV) of samples filled with AH 26/GP were the highest
at the end of each time period, except group PC. FRV of AH

26/GP filled samples were statistically similar with FRV of
BioRoot RCS /GP filled samples, while they were statistically
different from FRV of MTA Plus sealer/GP filled samples
(p<0.05), irrespective of time (Table 2).

At the end of 1st week, FRV of AH 26/GP and BioRoot RCS/
GP filled samples were statistically different than Group NC
and Group PC (p<0.05). FRV of MTA Plus sealer/GP filled
samples were statistically different from Group PC (p<0.05).
At the end of 1st month FRV of AH 26/GP filled samples
were statistically different from Groups NC, PC and MTA
Plus Sealer/GP (p<0.05). FRV of BioRoot RCS/GP and MTA
Plus sealer/GP filled samples were statistically different both
from Groups NC and PC (p<0.05). Within group comparisons
revealed that there was no statistically significant differences
between FRV of samples filled with same sealer at different
time periods (Table 1). The most frequent fracture mode
was non-restorable fractures in buccolingual direction in all
groups (Table 3).

Table 2. Fracture resistance values (FRV) of samples in Newtons,

regardless of time. (*Different superscript letters mean statistical
difference between groups p<0.05.)

Groups FRV * MeanzSD. (N)
AH 26/GP 315.47+£38.50°
MTA Plus/GP 267.12+37.25°"
BioRoot RCS/GP 291.68+47.99 *
Group PC 474.21£62.86 ¢
Group NC 205.19+15.28 ¢

Table 3. Fracture modes of experimental groups (BL: buccoolingual; MD:mesiodistal).

Time periods

1Week 1 Month
Groups
Fracture Modes

Restorable Non-restorable Restorable Non-restorable
AH 26/GP 2 (BL) 8 (7 BL, 1 MD) 1 (BL) 9 (BL)
MTA Plus/GP - 10 (BL) - 10 (BL)
BioRoot RCS/GP 1 (BL) 9 (BL) - 10 (9 BL, 1 MD)
Group PC 10 (BL) Non-restorable

Group NC

1 (BL) restorable and 9 (BL) Non-restorable




Time-dependent fracture resistance evaluation

9

Discussion

Fracture resistance of endodontically treated teeth has
been evaluated in many in vitro studies (1-7). Fracture test,
performed with the universal testing machine, is the basic
method in which progressively increasing vertical loads are
applied to teeth until fracture occurs and force at fracture is
recorded as Newtons. All parameters except root canal sealers
were tried to be standardized in the present study: such as
root canal preparation technique, root canal obturation
technique; irrigants used during preparation; formation of
sealers as liquid and powder; buccolingual and mesiodistal
dimensions of selected teeth; storage conditions of teeth.
However, this is a difficult task and the potential differences
among the groups might be considered as one of the
limitations of the present study. Under these limitations, first
hypothesis of this study is accepted; however, second one is
rejected. Root canal fillings with different sealers and gutta-
percha were statistically reinforced the samples compared to
group NC.

Different steps of endodontic treatment such as mechanical
preparation, obturation and irrigation may weaken the root
structure and create susceptible roots to fracture (2,20).
Different filling materials are used in order to reinforce the
endodontically treated teeth against the root fractures (1,3-7).
Root canal sealers, as a complementary part of the obturation,
are used to fill the gaps between gutta-percha cones and root
canal walls as well as the voids between individual gutta-
percha cones (21). Several studies reported that filled samples
with gutta-percha and different sealers showed significantly
superior fracture resistance than the group NG, as in present
study (5,6). On the other hand, there were also studies that
reported no clear benefits with the use of root canal sealers in
reinforcing endodontically treated teeth in the literature (3,4).

Root canal filling has to be done three dimensionally
without voids to prevent bacterial microleakage and to
reinforce the tooth structure. Moinzadeh et al. (22) reported
that cold lateral compaction of gutta-percha resulted in
significantly more voids compared with single gutta-percha
cone obturation combined with a TSBS, particularly coronally.
Considering this information, single-cone technique was
used in the present study.

The reinforcement effect of calcium hydroxide, epoxy
resin, glass ionomer, methacrylate resins, MTA, polyketone,
silicone- or zinc oxide-eugenol (ZnOE) based root canal
sealers were evaluated on the endodontically treated roots
(1,3-7). Biocompatibility and bioactivity of tricalcium silicate
cements are high (10) and they are used to repair lateral root
perforations or to fill root-ends initially (23). BioRoot RCS
and MTA Plus sealer are recently introduced calcium silicate-
based sealers to the dental market. BioRoot RCS was not as
cytotoxic as Pulp Canal Sealer and it preserves mouse pulpal
stem cells’ osteo-odontogenic intrinsic properties (24). Lower
flow and higher film thickness values were obtained with
BioRoot RCS than that specified for sealers in 1ISO 6876 (25).
These properties could contribute to the resistance of filled
roots against vertical fractures. Guneser et al. (7) reported that
BioRoot RCS might have the potential to increase fracture
resistance values of prepared teeth against vertical forces as
in the present study.

MTA Plus sealer, which has particle size 50% smaller than
ProRoot MTA (15), is marketed as a calcium silicate-based
material that can be used during root canal filling, root-end
filling, and pulp capping procedures (26). Physicochemical
properties of MTA Plus sealer such as calcium ion release,
hydration reaction and pH did not change when powder
was mixed either with water or gel. However, mixing
powder with gel improved the compression, porosity liquid
absorption and setting time of MTA Plus sealer compared
to distilled water mixture (27). In the present study, gel
was used to prepare the root canal sealer. FRV of samples
that were filled with MTA Plus sealer/GP were lower in both
test periods compared to other samples either filled with
BioRoot RCS/GP or AH 26/GP. It has been reported that the
chemical composition of MTA Plus sealer was similar to
ProRoot MTA (15); however, its porosity, water solubility, and
water sorption were higher compared to ProRoot MTA (25).
This could be one reason of lower fracture resistance values
obtained with MTA Plus sealer.

The highest fracture resistances were recorded in AH
26 group in all evaluated periods among tested sealers.
Although Viapiana et al. (14) reported that there were more
voids in root canals filled with BioRoot RCS/GP compared
to an epoxy-resin based sealer (AH Plus)/GP, there were no
significant differences between AH 26 and BioRoot RCS
regarding fracture resistance. According to the results of
present study, higher values were obtained at the end of first
month compared to first week, however these differences
were statistically insignificant. Hoppe et al. (28) reported that
push-out bond strength of AH Plus combined with lateral
compaction of gutta-percha increased insignificantly at the
end of 6 months compared to 24h. El Maita et al. (8) showed
that vertical root fracture resistance did not change with
AH Plus sealer/GP obturation over a period of 6 months. On
the other hand, authors reported a significant increase for
MTA (8). Turker and Uzunoglu (29) reported that the highest
bond strength for white MTA was seen at the end of 28-day
period. Current results were consistent with previous results
evaluating epoxy-resin based sealer (AH 26). On the other
hand, increase in forces to fracture samples that were filled
with TSBSs was insignificant in the current study. Regarding
the direction of fractures observed in the present study, most
of them occurred in the buccolingual direction as previous
studies in which force applied vertically to the samples (3,6,7).

Conclusion

Under the limitations of this study, it could be concluded
that the root canal preparation lowered the fracture resistance
values. All sealers increased the force values needed to
fracture the filled samples compared to unfilled ones but the
time factor had no effect on the reinforcement effect of root
canal sealers.
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Tiirkge 6z: Cesitli kbk kanal dolgu patlariyla doldurulan dislerin farkl
zaman dilimlerindeki kirllma dayanimlarinin degerlendirilmesi. Amag:
Uc farkli kék kanal dolgu pati (AH 26, MTA Plus sealer ve BioRoot RCS)
ve glitaperka ile doldurulan érneklerin 1. hafta ve 1. ayin sonundaki
kinlma dayanimi degerlerini incelemektir. Gere¢ ve Yéntem: Seksen
adet tek kokli, tek kanall, ¢atlaksiz alt ¢ene kiiglik azi disi k6k boyu
13 mm olacak sekilde dekoronize edilmistir. Grup PK (pozitif kontrol,
n=10): drnekler sekillendirilmemis ve doldurulmamistir. Geri kalan 70
6rnek en son kullanilan ege F4 olmak tizere ProTaper d6ner ede sistemi
ile sekillendirilmistir. Grup NK (negatif kontrol, n=10): sekillendirilen
6rnekler doldurulmamustir. Geri kalan 60 érnek 3 gruba ayrilmistir: Grup
1: AH 26 + F4 glitaperka konu (GP), Grup 2: MTA Plus Sealer + F4 GP, Grup
3: BioRoot RCS + F4 GP. Doldurulan 6rnekler saklama stiresine gére alt
gruplara aynlmistir. Grup 1A, 2A ve 3Adaki 6rnekler 1 hafta; Grup 1B,
2B ve 3B'deki 6rnekler 1 ay stireyle %100 nemli ortamda bekletilmistir
(n=10/grup basina). Tiim drnekler daha sonra evrensel test cihazinda
kinlma dayanimi testine maruz birakilmistir. Her bir érnek icin, kinlma
anindaki kuvvetler kaydedilerek uygun istatistiksel analizler yapilmistir.
Bulgular: En yiiksek kirlma dayanimi degderleri (KDD) Grup PKda
gobzlenirken, en diistik KDD Grup NK'da gozlenmistir. Grup PK ve NK
zamandan bagimsiz olarak istatistiksel agidan hem birbirinden hem
de diger gruplardan farklh bulunmustur (p<0.05). Zamandan bagimsiz
olarak yapilan analizde, AH 26 pati/GP ile doldurulan &rneklerin
KDD’sinin BioRoot RCS/GP ile doldurulan érnekler ile istatistiksel olarak
benzerlik gosterdigi (p>0,05), fakat MTA Plus sealer/GP ile doldurulan
6rneklerden daha yiiksek oldugu bulunmustur (p<0,05). Grup ici yapilan
karsilastirmalar ayni pat ve GP ile doldurulan érneklerin bir hafta ve bir
ay sonunda elde edilen KDD arasinda anlamli bir farklilik olmadigini
gOstermistir (p>0,05). Sonuglar: Kbk kanal sekillendirmesi anlamli
bir sekilde KDD'nin dlistik ¢itkmasina neden olmustur. Tiim patlar NK
grubuna kiyasla KDD'de artisa yol agmislardir. Zamanin KDD (izerinde
istatistiksel olarak anlamli bir etkisi bulunamamistir. Anahtar kelimeler:
Kalsiyum silikat k6k kanal dolgu pati; kok kanal dolgusu; vertikal k6k
kirigi; zaman, endodonti.
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Evaluation of the knowledge, attitudes and behaviors of
pre-school teachers on oral and dental health in the city

center of Trabzon

Purpose

Educators can also contribute to the prevention of early childhood caries (ECC)
by educating children about oral diseases and hygiene practices. The aim of this
study was to assess the knowledge, attitudes, and behaviors of pre-school teachers
concerning oral and dental health in Trabzon.

Subjects and methods

The study was carried out with 226 pre-school teachers in the city center using
a self-administered questionnaire to evaluate their knowledge, attitudes, and
behaviors concerning the oral and dental health of children.

Results

Only 29.8% of the respondents had a prior dental education. Although 83% of the
teachers said that regular visits to the dentist were effective for caries prevention,
only 13.2% said that they made regular visits to a dentist. Approximately 65.8%
of the teachers agreed that fluoride strengthens tooth enamel and 35.1% of the
teachers said that there were oral health activities in their schools. Additionally,
74.6% of teachers said that they would participate in dental education about
children’s oral health in the future.

Conclusion

Preventive dental health program could be implemented including the proper
behaviors related to the importance and treatability of primary teeth, first tooth
cleaning, dental visits, the use of fluoride toothpaste, and oral hygiene into the pre-
school teachers’ undergraduate education programs in the future. This program
should be repeated at certain intervals for the prevention of ECC.

Keywords: Dental education; oral health; preschool; early childhood caries; teacher

Introduction

Starting in the prenatal period, it isimportant to raise parental awareness
for early childhood caries (ECC), which includes clarifying incomplete or
incorrect knowledge and reshaping the attitudes and behaviors of the
parents; these are essential factors for the prevention of ECC. Therefore,
the knowledge level of the occupational groups who are in contact with
the affected age groups and their parents is important for guiding the
parents by providing correct information. One of these occupational
groups comprises of teachers. Teachers may be considered alternative
staff members in the struggle against dental caries, a preventable disease
because they are able to affect a large number of children and parents. The
healthy behaviors and lifestyles that are formed in the early years of life are
more permanent than those acquired later. The messages required for a
healthy life can be repeated every school year (1).
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Schools have an important role in developing programs
for the prevention of oral and dental health problems during
childhood. There are studies reporting children who are
at school for an education are more likely to be positively
affected (2). Children need to be given health education to
create good oral and dental health, and this education is
supposed to cause a beneficial behavioral change in the
child. Behavioral changes occur through regular and long-
term health education. For this reason, schools are suitable
centers for health education because they provide a stable
environment and stable conditions. Knowledgeable and
communicable teachers are the basic element in the oral
and dental health education provided at schools. It is
important for the curricula at vocational high schools or the
faculties of prospective teachers to incorporate health topics,
including health improvement and prevention. Additionally,
the content and duration of the curriculum are significant.
Moreover, the health education should be made permanent
in order to ensure that teachers receive up-to-date health
information after graduation (3-6).

One of the important factors in oral health is the
management of dental injuries. Since children are involved
in sporting activities at school and in situations with close
contact or physical activity, eventual injuries may occur due
to falls, accidents, etc. Successful management of the process
from the time of the incident to the time of the dental visit in
these trauma cases increases the chance of successful post-
traumatic treatments. Good management of this process
depends on the knowledge level of the teacher. The proper
orientation of a child and his/her parents can give the dentist
a chance for early intervention. It is important for a teacher to
know what to do in case of an emergency with regard to the
primary and permanent teeth (3-9).

Many studies have shown that the use of teachersinimproving
the oral health of schoolchildren is successful (10). However,
according to some reports, teachers are reluctant to take part
in oral health programs requiring supervision (11). It is thought
that this may be related to the lack of knowledge of teachers
concerning oral health issues (12). The inadequate training of
teachers on this subject can cause them to give incomplete
or incorrect information to students or not teach the students
effectively. In addition, a lack of necessary tools, resources, time,
and integrated curriculum of oral health education are some of
the limitations of school-based dental education (13).

It is crucial for pre-school and classroom teachers, who
have been in contact with children for a long time and have
an influence on their education, to receive oral and dental
health education. Children spend most of their time in school,
especially throughout theirformative years.The role of ateacher
is critical in these developmental processes. It is internationally
recognized that teachers now play a potentially important role
in school-based dental education, so the knowledge level of
teachers on oral and dental health is very important (14).

The purpose of this study is to identify the knowledge
level, attitudes and behaviors of pre-school teachers in the
city center of Trabzon concerning oral and dental health, to
determine areas of incomplete or incorrect knowledge by
conducting a questionnaire, to raise awareness about oral
and dental health in pre-school teachers and to ensure that
pre-school teachers guide children and their parents with
regard to the correct practices.

Subjects and Methods
Study design

The ethics committee approval for the study was received
from the Karadeniz Technical University Faculty of Medicine
Clinical Research Ethics Committee (2015/103, 04/11/2015),
and the necessary permissions were received from Trabzon
Governorship Provincial Directorate of National Education.
According to the data obtained from the latter governing
body, it was determined that there are 564 pre-school
teachers in Trabzon, 306 of whom are in the city center. The
names and addresses of the schools affiliated with the central
district, including the nursery classes, were obtained from the
Provincial Directorate of National Education.

In total, 72 schools and 226 teachers received a
questionnaire. Teachers were visited at their schools, which
were located in the city center of Trabzon, and they were
given a questionnaire evaluating their knowledge, attitudes,
and behaviors regarding the oral health of children and
occupational health. The questionnaire included 40 questions
and consisted of three parts. The first part had questions
related to demographic information, the second part aimed
to measure the level of general knowledge about oral health,
and the third part included informational questions about
the attitudes and behaviors of the teachers concerning oral
health. The types of questions in the questionnaire were
open-ended, closed-ended, and multiple choice.

After preparation of the questionnaire, a pilot study
was conducted with 10 teachers; the existence of
incomprehensible questions was identified, the opinions of
the teachers were evaluated, and the necessary corrections
were made. Then, the teachers were visited, the purpose of
the study was briefly explained, and the questionnaire was
given to the voluntary participants. It took an average of
10 minutes for the teachers to complete the questionnaire,
and while the teacher was responding to the questionnaire
(within working hours), the researcher waited at a certain
distance and answered only the questions that the teacher
could not understand. Those who were not available or at
school on the day of the questionnaire or did not want to
participate were excluded from the study. The demographic
information section of the questionnaire asked about age,
gender, marital status, parental status, number of children,
monthly income, duration of professional experience, and
whether they received any previous education concerning
children’s oral health.

The second part, which measured the knowledge of
oral health, included information on the consequences
of periodontal problems, factors causing decay, effective
methods for caries prevention, information about primary
teeth and general health, correct and incorrect known facts
about fluoride, a child’s first dental visit, teeth cleaning,
appropriate nutritional options for children, and information
on what can be done about permanent and primary teeth
dentition trauma.

The third part, which investigated the attitudes and
behaviors of teachers concerning their own oral health,
included questions about the frequency, duration and time
of tooth brushing, preferred tools for interface cleaning,
frequency of dental visits, reasons for visiting the dentist,
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their views on the attitudes toward the preventive treatments
of dentists and the availability of activities related to oral and
dental health education in their schools.

Statistical analysis

SPSS sotware (IBM Corp. Released 2013. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY: IBM Corp, USA) was
used for the statistical analysis. Descriptive statistics, the
comparison of the average scores and related tests were
performed. In the questions regarding preventive dentistry,
a Chi-square test was used to examine the relationship
between correct responses and the status of receiving
training, the duration of professional experience, and parental
status. Confidence interval was set to 95% and p<0.05 was
considered statistically significant.

Results

The results show that, in the survey, 126 of 226 teachers
were female, 100 were male, 69.3% had previous education
on oral and dental health, 67.5% had children, and 27.2% had
more than 10 years of professional experience. The evaluation
of teachers’ knowledge of tooth decay is given in Table 1.
Among the teachers who think that it is possible to have non-
carious teeth, there are no statistically significant difference s
between the ones who have had education on oral health and
those who have not; the ones who have children and those
who do not; and the ones whose professional experience was
more than 10 years or was less than 10 years (p>0.05). Among
those who think that the problems in the primary teeth affect
permanent teeth and those who think that caries in the
primary teeth is treatable, no statistically significant difference
was found in terms of previous oral health education, parental
status or professional experience (p>0.05) (Table 2). As the
most effective method for preventing tooth decay, the items
regarding tooth brushing (211 people, 92.5%), visiting the
dentist regularly (190 people, 83.3%), using dental floss (161
people, 70%), limiting sugary snacks (158 people, 69.3%),
using fluoride dental products (89 people, 39%) and chewing
sugarless gum (56 people, 24.6%) were chosen. A significant
difference exists between the teachers choosing the item
“using fluoride dental products” in terms of being educated
on oral and dental health or not (p>0.05). Accordingly, it is
understood that the educated people were of the opinion
that consuming fluoride dental products prevented decay. An
examination of the other chosen options demonstrated no
significant difference in terms of being educated on oral and
dental health, parental status or the duration of professional
experience (p>0.05) (Table 3).

The number of people who think that dental hygiene
in children should start at the time of first tooth eruption
is 115 (50.4%). Previous education concerning oral and
dental health, parental status or the duration of professional
experience did not cause any statistically significant result
for the teachers who selected this option (p>0.05). Among
the 40 teachers (17.5%) who reported that the first dental
visit should not occur until after a child is 1 year old, there
is no statistically significant difference in terms of previous
education concerning oral and dental health, parental status
or the duration of professional experience (p>0.05) (Table 4).

In terms of previous oral and dental health education,
parental status, or a professional experience more than 10
years (p<0.05), statistically significant results were found
among 150 (65.8%) teachers who believe that fluoride
strengthens tooth enamel. The number of teachers who
stated that fluoride is nutritional for teeth and bones is 100
(36.8%), and among them, a statistically significant difference
was identified in terms of being educated on oral and dental
health (p<0.05), but notin terms of the duration of professional
experience or parental status (p>0.05). A total of 116 teachers
(50.9%) noted that fluoride is an anti-oral bacterial agent and,
among them, there was a statistically significant difference in
terms of being educated on oral and dental health education
(p<0.05), but no statistically significant difference was found
in terms of parental status or the duration of professional
experience (p>0.05). Among 69 teachers (30.3%) who noted
that the fluoride can treat initial caries, there was a statistically
significant difference in terms of being educated on oral and
dental health and having more than 10 years of professional
experience (p<0.05), but being a parent had no significant
effect on this option (p>0.05). A total of 54 (23.7%) teachers
thought that the use of fluoride toothpaste should start in
children who were approximately 3 years old, and there was
not any statistically significant difference in terms of being
educated on oral and dental health, parental status or the
duration of professional experience (p>0.05) (Table 5).

Atotal of 161 (70.6%) the teachers indicated that evaluation
should be done as soon as possible in the case of mouth
injuries/traumas. Among those having oral and dental health
education and having children, there was no significant
difference (p>0.05), but a statistically significant difference
existed in the teachers with less than 10 years of professional
experience (p<0.05). The question, “Which one is best to do
for the primary tooth that has been completely removed as a
result of injury, falling, etc.?” was answered as “It should never
be replaced” by 51 teachers (22.4%) and “I do not know” by
107 teachers (46.9%). No statistically significant difference
was found in these respondents in terms of receiving oral and
dental health education, parental status or the duration of
professional experience (p>0.05). The question, “Which one
is best to do for the permanent tooth which has completely
removed as a result of injury, falling, etc.?” was answered
with, “Find the tooth” by 32 teachers, (20.2%), “Rinse it" by
46 teachers (20.2%), “Replace it immediately” by 29 teachers
(12.7%), and “I do not know"” by 151 teachers (66.2%). Among
the respondents who chose these options, there was not any
statistically significant difference in terms of receiving oral
and dental health education, parental status, or the duration
of professional experience (p> 0.05) (Table 6).

An evaluation of the personal oral hygiene behaviors of the
teachers showed that 73.2% of the teachers brushed their
teeth twice a day, but tooth-brushing time was less than 2
minutes; 51.3% of the teachers changed their toothbrushes
every 3 months, and only 46.1% used dental floss. Although
regular dental visits were one of the most frequently chosen
options for the prevention of tooth decay, only 13.2% of the
teachers went to the dentist at regular intervals, 42.1% of the
teachers visited the dentist only when they had a toothache,
58.8% of the teachers had the most recent visit to the dentist
for tooth decay/fillings, and 33.3% of the teachers did not pay
enough attention to the preventive treatments by dentists.
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Table 1. Evaluation of the knowledge of teachers about tooth decay.

Number Percentage

What are the causes of tooth decay?

Inadequate brushing. 208 %091,2
Sweet and acidic foods. 189 %82,9
Lack of regular dental check. 147 %64,5
Dental plaque. 91 %39,8
Oral and dental health affects general health. 216 %94,7

It is possible to have non-carious teeth. 171 %75
Problems in primary teeth affect permanent teeth. 141 %61,8
Caries in primary teeth are treatable. 158 %69,3

Table 2. The relationship between the knowledge of dental caries and education, parental status, and professional experience.

Those Those who p Those with Those p <10 years >10 years p
who have have not value children without value professional professional value
received received children experience experience
education education
:";:::s'b'e n=55 n=116 n=111 n=60 n=125 n=46
non-carious 0,582 0,191 1,000
%77,9 %734 %72,1 %81,1 %42,8 %64,5
teeth
Problems
in primary n=43 n=98 n=94 n=47 n=104 n=37
teeth affect 1,000 0,214 0,895
permanent %70,5 %71 %67,1 %77 %70,7 %31
teeth
s:i':f:r;' n=54 n=102 n=105 n=53 n=105 n=53
teeth are 0,190 0,545 0,076
%84,4 %75 %76,6 %81,5 %74,5 %86,9
treatable.

Table 3. The relationship between the knowledge of the prevention of decay and parental status and professional experience (*p<0.05 was

considered statistically significant).

Which Those Those who p Those with Those p <10 years >10 years p
method who have have not value children without value professional professional value
is more received received children experience experience
effective education education
for you to
prevent
tooth decay?
Limiting

n=53 n=103 n=105 n=53 n=113 n=45
sugary %77,9 %65,2 0,081 %68,2 %71,6 0,708 %68, 1 %72,6 05620
snacks.
Using
fluoride n=40 n=47 " n=55 n=34 n=63 n=26

1

dental %58 %29,7 0.000 %35,7 %45,9 0.138 %38 %41,9 0,083
products.
Chewing
sugarless n=20 n=36 0,373 n=36 n=20 0,663 n=39 n=17 0,660
gugr’n %29,4 %22,8 %23,4 %27 ! %23,5 %274 !
Brushing n=60 n=149 n=139 n=72 n=154 n=57
teeth. %88,2 %94,3 0,190 %90,3 %97,3 0.104 %92,8 %91,9 0.783
Using dental n=44 n=115 n=104 n=57 n=114 n=47
floss. %64,7 %72,8 0.289 %67,5 %77 0.187 %68,7 %75,8 0.374
Regular n=51 n=137 n=126 n=64 n=138 n=52

4 487 1
dental visits. %75 %86,7 0,045 %81,8 %86,5 048 %83,1 %83,9 /000
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Table 4. The relationship between the knowledge of the first dental hygiene and dental visits of children and education, parental status and

professional experience.

Those Those who
. Those <10 years >10 years
who have  have not p Those with . p . .
. X . without professional professional
received received value children . value . i value
children experience  experience

education education

The first

dental visits

of children n=13 n=27 n=22 n=18 n=28 n=12

should not  %19,1 %17,1 0,860 %14,3 %24,3 0,093 %16,9 %19,4 0,807
be later than

1 year old.

Table 5. The relationship between the knowledge of fluoride and education, parental status and professional experience (*p<0.05 was

considered statistically significant).

Those Those who p Those with Those p <10 years >10 years p
who have have not value children without value professional professional value
received education children experience experience
education
Fluoride is n=35 n=47 0,002* n=56 n=28 0,829 n=61 n=23 1,000
nutritional %51,5 %29,7 %36,4 %37,8 %36,7 %37,1
for teeth
and bones.
Fluoride can n=34 n=33 0,000* n=48 n=21 0,783 n=43 n=26 0,019*
treat initial %50 %20,9 %31,2 %28,4 %25,9 %41,9
caries.

An evaluation of the teachers’ attitudes toward oral and  Discussion

dental health showed that 64.9% of them did not have any

activities concerning oral and dental health in their school, Among childhood diseases, early childhood caries (ECC)
55.7% knew that they had oral and dental health education  continues to be a highly prevalent disease. ECC afflicts
in their school curriculum, 71.5% did not have any course  children’s quality of life and their learning abilities (15-17). At
on oral health care during their undergraduate education,  the same time, other factors that should not be undervalued,
and 74.6% of them would participate in a course on oral and including the fact that parents’ quality of life is also affected
dental health care in the future. (17), the financial burden that is encountered in coping
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Table 6. The relationship between the knowledge of oral injuries and education, parental status and professional experience (*p<0.05 was

considered statistically significant).

Oral injuries/ Those Those who p Those with Those p <10 years >10 years p
trauma who have  have not value children without value professional professional value
received education children experience  experience
education
Evaluation
should be
done as soon n=43 n=116 n=109 n=52 n=126 n=35 M
as possible in %63,2 %73,4 0.124 %70,8 %70,3 1,000 %75,9 %56,5 0,004
case of oral
injuries.
A primary
tooth which
n=19 n=32 n=31 n=20 n=41 n=10
hasremoved g7 %20,3 0.274 %20,1 %27 0.317 %24,7 %16,1 0.229
should never
be replaced.
Which one
is best to
do for the
permanent
tooth,
which has
completely
removed due
to an injury?
Find the n=10 n=22 n=15 n=17 n=22 n=10
tooth. %14,7 %13,9 1,000 %9,7 %23 0013 %13,3 16,1 0.732
Rinse the n=18 n=28 n=29 n=17 n=31 n=15
tooth. %26,5 %17,7 0.187 %18,8 %23 0,580 %18,7 %24,2 0460
Replace
n=12 n=17 n=16 n=13 n=17 n=12
the tooth %17,6 %10,8 0,229 %10,4 %17,6 0,190 %10,2 %19,2 0,108
immediately.
n=42 n=107 n=107 n=44 n=112 n=39
| k , ,134 ,62
donotknow g 0, %67,7 0,386 %69,5 %59,5 0.13 %67,5 %62,9 Ce

with ECC (16), and the life-long consequences of the risk of
caries in primary dentition that could influence permanent
dentition (18).

ECC is a preventable disease. It is a problem that arises
due to social, behavioral, medical, and political reasons, and
socioeconomic factors, family structure, and social dynamics
need to be understood for its solution. ECC is often seen
among disadvantaged individuals in the community. For a
solution, health politics, social goals, and values need to be
reviewed. ECC depends on behavioral elements because it
is a result of the daily routines of the individuals around a
child, such as parents, caregivers, grandparents. It is possible
to create appropriate oral hygiene behaviors and to inform
individuals about oral health and the effects of oral health
on general health through community-based practices and
education (1,4,15).

Since there is no scientific evidence of the superiority of
one method over another, the prevention of early childhood
caries should not be based on a single approach (19).
Therefore, the prevention of ECC requires disseminating
information about ECC through approaches that concern
the whole society and address its existing etiological

reasons. The real challenge in the fight against ECC is to be
able to attract the attention of mothers and children before
problems arise. Information about ECC should be provided
through the media, community education programs, courses
for pre- and post-natal parents, women'’s health clinics, and
schools. Education and motivation are not enough to make
long-term changes. The behavior of individuals is usually
shaped in early childhood and is rooted in the environment
surrounding the child and the individual (20-22). To form a
behavioral change in a child, it is necessary for the child to
be informed by different sources of information and socially
supported by his/her parents, peers, and other individuals in
their daily lives (23). Teachers, as the people who spend the
most time with children throughout their formative years
after their parents, may play an important role in informing
children about oral health and developing appropriate
hygiene behaviors.

Within the scope of this cross-sectional study, primary
and secondary schools in the center of Trabzon, including
nursery classes, were visited, and 226 teachers were given a
questionnaire on their knowledge, attitudes, and behaviors
concerning oral and dental health. Our aim was to set the
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groundwork for the work that is needed to make school-based
dental education a social practice by identifying the issues
that teachers had incomplete or incorrect knowledge of. In
addition, the teachers’ correct answers were investigated in
terms of receiving a previous education, parental status and
the duration of their professional experience.

In total, 95.6% of the teachers in the study were female,
and 94.7% of the teachers thought that oral and dental
health affected general health. The proportion of teachers
who had this opinion was 84.8% (26) and 74% (24) in the
studies in Indian cities. In our study, 75% of teachers stated
that it was possible to have non-carious teeth, 61.8% thought
that the problems in the primary teeth affected permanent
teeth, and 69.3% thought that tooth decay in a primary tooth
was treatable. In a Nigerian study28, 89.4% of the teachers
reported that tooth decay was not normal, 75% took dental
problems seriously, and 76.9% responded that tooth loss can
be avoided if it is treated.

Those who believed that using fluoride dental products
was effective in preventing tooth decay was 39% in our study,
while the proportion was 6.2% (26), 89% (28) and 84% (25)
in other studies. The proportion of the teachers who thought
that consuming fluoride tooth products were effective in
preventing tooth decay was found to be significant in those
who had received previous education concerning oral and
dental health (p<0.05). Compared with the other studies,
the knowledge level of the teachers about fluoride tooth
products seemed to be inadequate.

The American Academy of Pediatric Dentistry indicates
that the cleaning of teeth should start when the first primary
tooth is seen in the mouth and that parents must brush their
children’s teeth twice a day with a toothbrush that is suitable
for the child’s age. For children under 3 years old, ‘a thin
smear’ or a ‘rice size’ portion of fluoride toothpaste should
be used and, for those between 3-6 years, a ‘pea size’ portion
of fluoride toothpaste should be used. In addition, within
6 months after the first tooth erupts, but before the baby
is 1 year old, a dental visit is recommended for a caries risk
assessment, parental education concerning oral hygiene and
preventive methods, and guidance in oral diseases (29).

In our study, 50.4% of the teachers believed that children
should start dental hygiene when their first tooth erupts,
whereas 17.5% said that the first dentist visit should not be
later than 1 year of age. It is determined that the teachers
had incomplete knowledge about the guidance that can
be effective in preventing early childhood decay. In similar
studies with parents, 28.8% (30) and 52.5% (31) of the parents
thought that the first dentist visits should be earlier than 1 year.
We believe that the timing of the first dental visit and initial
dental cleaning should be emphasized in the social awareness
practices that are conducted for the prevention of ECC.

In ourinvestigation of the knowledge level of fluoride, 65.8%
of the teachers reported that fluoride toothpaste strengthens
tooth enamel, and 30.3% indicated that fluoride toothpaste
can treat initial tooth caries. Both outcomes are statistically
significant in the teachers who received prior education
and had more than 10 years of professional experience. In a
similar study (14), 86.3%, and 13.3% of the teachers thought
that fluoride toothpaste strengthens tooth enamel and that it
could treat initial caries, respectively. Accordingly, we believe
that more comprehensive information on fluoride would be

beneficial for raising social awareness and reducing the rising
prejudice against fluoride.

For the trauma issue, our study showed that 70.6% of the
teachers believed that interventions should be performed
as soon as possible after the trauma. This rate was reported
as 74.7% in another study (32). Unfortunately, in the case
of avulsion-type injuries in primary and permanent teeth,
the proportion of the teachers who believed that the tooth
should be replaced immediately in permanent teeth avulsion
was 12.7%. This rate was 43% in a similar study in Singapore
(33) and 16.2% in Hong Kong (32). Early interventions in
traumatized teeth are described as extremely important for
the long-term success of treatment in trauma cases (34,35).
In our study, 22.4% of the teachers thought that the primary
tooth should never be replaced after primary dental avulsion.
This rate was found to be 74.6% in teachers in Hong Kong
(32). The fact that the teachers had inadequate knowledge
complies with the current literature (36-38). The lack of
information on trauma may be due to the lack of trauma
experience of the teachers. Teachers’ guidance is important
for the prevention of trauma and for the proper orientation of
parents after trauma. We suggest that the lack of information
on this issue should be emphasized.

The curricula in our country’s Pre-school and Classroom
Teaching departments were reviewed in terms of their oral
and dental health education. This examination revealed that
there is a compulsory course in the pre-school program
called “Mother-Child Health and Diseases” that is taught
for 3 hours a week in the 3 semester. A topic regarding
the oral and dental health of children is available in this
course. Moreover, in the elective course, “Mother and Child
Nutrition,” the relationship between nutrition and oral and
dental health is mentioned. Only 28.5% of the teachers
reported that they had a lesson on oral health during their
undergraduate studies.The proportion of the teachers whose
schools had oral and dental health activities was 35.1%, and
55.7% of the teachers noted that oral and dental health
education for children existed in their school curriculum. In
our study, 74.6% said that they would join an educational
program about oral and dental health in children if it were
given in the future. According to this result, we believe that
the curriculum of pre-school teachers’ faculties should have
more oral hygiene topics. The underlying reasons why an
oral health education was not be provided in some schools,
even though the school curriculum included it, should
be investigated and a solution can be provided. Dental
education should be systematized and applied within the
scope of health policies.

Conclusion

School-based dental education is one of the major social
steps in fighting tooth decay. While teachers have knowledge
of the causes of tooth decay and methods for preventing
tooth decay in general, they do not have knowledge of
protective practices, fluoride, first dental visits in children,
first tooth cleaning and trauma, according to the results
from our study. These deficiencies need to be addressed so
that teachers can take an active role in school-based dental
education, help parents, and positively influence children to
help create healthy generations. If teachers have knowledge
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about the issue, they can educate children and parents
more effectively. For the teachers to reach the desired level
of knowledge, the importance of oral and dental health
and their education should be emphasized, starting in the
undergraduate programs, and continuing awareness about
this issue should be made permanent.
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Tiirkge 6z: Trabzon merkezindekiokullarda, okul 6ncesi dgretmenlerinin
agiz ve dis saghgi hakkindaki bilgi diizeylerinin degerlendirilmesi.
Amag: Okul éncesi egitimciler; agiz ve dis sagligi hakkinda yeterli bilgi
ve davranislara sahip olurlarsa, okul temelli dental egitimde rol alarak,
ayni anda ¢ok sayida ¢ocuk ve ebeveyne ulasabilirler ve onlar, agiz
hastaliklari ve hijyen aliskanliklan konusunda egiterek erken ¢ocukluk
cagi ¢lriiklerinin (ECC) engellenmesine katki saglayabilirler. Bu
calismanin amaci Trabzon merkezindeki okul 6ncesi 6gretmenlerinin
agiz ve dis sagligi hakkindaki bilgi diizeylerini degerlendirerek eksik
veya yanlis bilinen konulari saptamaktir. Bireyler ve ydntem: Calismada
Trabzon merkezine bagl ana sinifi ve anaokullarina gidilerek toplamda
226 okul 6ncesi 6gretmenine ¢ocuklarin adiz ve is saghgi hakkinda
bilgi, tutum ve davranislarini degerlendiren anket uygulamasi yapild.
Bulgular: Ogretmenlerin sadece %29,8'inin daha 6ce adiz ve dis saglidi
ile ilgili egitim aldigi tespit edildi. Calistiklari okullarda adiz ve dis sagligi
ile ilgili ¢alismalar olan 6gretmenlerin orani %35,1 olarak belirlendi.
Ogretmenlerin %74,6'i ileride cocuklarda adiz ve dis sagldi ile ilgili
egitim verildiginde katilmak isteyecegini belirtti. Koruyucu uygulamalar,
agiz yaralanmalari ve adiz hijyeni aliskanliklari konusunda bilgi
eksiklikleri tespit edildi. Sonug: Stit dislerinin 6nemi, tedavi edilebilirligi,
cocuklarda ilk dis temizligi ve dis hekimi ziyaretleri, cocuklarda fluorlu
dis macunu kullanimi konusunda, agiz hijyeni ile dogru davranislar
ile ilgili uygun bir dental egitim programi hazirlanarak okul 6ncesi
6gretmenlerine lisans diizeyinden baslayarak belirli araliklarla
tekrarlanmasinin ECC'nin engellenmesi konusunda faydali olacagi
kanisindayiz. Anahtar kelimeler: Agiz sagligi; okul dncesi; bilgi; erken
cocukluk ¢adi glirtikleri; 6gretmen
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Comparison of newly formed microcracks after instrumentation
using Protaper Next, Reciproc and Self-Adjusting File systems

Purpose

The purpose of the present study is to assess the rate of newly formed microcracks
comparatively during root canal instrumentation by using ProTaper Next, Reciproc,
and Self-Adjusting File systems using micro-computed tomography.

Subjects and Methods

Thirty mesial roots of mandibular molars were randomly assigned to 3 experimental
groups (n = 10) as follows, ProTaper Next, Reciproc and Self-Adjusting File system.
Preoperative and postoperative scans were obtained at the isotropic resolution of
13.68 um. Cross-section images were examined to identify the presence of newly
formed dentinal microcracks.

Results

The Self-Adjusting File and Reciproc systems caused a higher rate of new microcrack
formation than the ProTaper Next group (p < 0.001). There were also significant
differences in the new microcrack formation between Reciproc and Self-Adjusting
File groups (p < 0.001).

Conclusion
Reciproc and Self-Adjusting File systems caused a higher rate of newly formed
microcraks compared to ProTaper Next system.

Keywords: Dentinal microcracks; micro-computed tomography; Protaper Next;
Reciproc; Self-Adjusting File

Introduction

The microcracks that occur during root canal shaping procedures can
propagate repetitious occlusal forces, be exposed to stresses caused by
root canal obturation and retreatment, and result in vertical root fracture
(1,2). Numerous studies reported that the use of rotary instrumentation
causes microcracks in root dentin (3,4).

In the ProTaper NEXT System (PTN) (Dentsply Tulsa Dental Specialties,
Johnson City, TN, USA), which is made by M-wire technology, conventional
continuous rotation motion is used. This system has an off centre
rectangular cross section with regressive and progressive percentage
tapers on a single file. Off-centred rectangular structure provides the file a
snake-like, swaggering motion, minimizes the contact between the dentin
and file, thus reduces the screw effect (5).

In Reciproc (VDW, Munich, Germany) system, a single file is used with
a reciprocating motion. According to the manufacturer, in this system
there are 1500 counter clockwise and 300 clockwise movements in the
reciprocating motion. Thereby, following three reciprocating motions
it enables 3600 preparation after three reciprocating motions. Special
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clockwise and counter clockwise movements of this motion
diminish the stress on the instrument (4).

The self-adjusting file (SAF) (ReDent Nova, Ra'anana, Israel)
system is a NiTi file and has a hollow cylindrical instrument
designed as a thin nickel-titanium lattice with compressible
walls. When root canal is prepared, the compressible walls
inserted into a narrow root canal allow the instrument to
adapt to the root canal shape both along the cross section
and longitudinally. Consequently, the SAF instrument three-
dimensionally conforms to the root canal with circular and oval
cross sections getting maintenance in the original canal shape.
In addition, the lattice design of the SAF allows the irrigation
solution to flow continuously through the hollow file (6,7).

Recently, micro computed tomography (micro-CT) has been
used in assessing dentinal microcracks (8,9). Micro-CT provides
reproducible data in all three dimensions and compares the
data on each tooth before and after the root canal preparation.
However, there is conflicting results between the studies in
which the newly microcrack formation was evaluated. De-
Deus et al. (8) and De-Deus et al. (9) reported that mechanical
enlargement processes can not be related to the formation
of new microcracks. However, in another micro-CT study by
Ceyhanli et al. (10) the evaluated instrumentation systems
increased the number of microcracks when compared to
preoperative images. Thus, the aim of this study is to assess
newly formed microcracks comparatively during root canal
instrumentation by using ProTaper Next, Reciproc, and self-
adjusting file systems using micro-CT.

Subjects and Methods
Study sample

After the approval by the ethics committee of University
of Ordu (17.04.2014-2014/02), human mandibular first and
second molars were collected. The reason for extraction
of the teeth was unrelated to this study. The residues were
removed by cleaning the outer surfaces of the teeth, and they
were stored in purified filtered water until they were used.
The roots were investigated by a stereomicroscopy under 25x
magnification to exclude roots having cracks or craze lines.
The selected teeth having similar lengths were decoronated,
and the distal roots were separated with a diamond-coated
bur using water cooling. The mesial roots were left at
approximately 11 mm to obtain a standardized length. Canal
patencies of both mesiobuccal and mesiolingual canals were
established with a #15 K-file (Mani, Inc., Tochigi, Japan). The
exclusion criteria were obstructed in root canals, having two
or more apical foramen, curvature angle under 10° and upper
200, pre-operative canal size greater than ISO size 15 and pre-
existing craze lines or cracks.

As a result, 30 mesial roots were included the study. Digital
radiographs were taken buccolingually for evaluating canal
curvatures and radii. The roots were randomly assigned to
three groups (n=10). One-way ANOVA, revealed no significant
difference among the groups in terms of the canal curvatures
and radii (p >0.05).

In order to simulate the periodontal ligament, the cement
surfaces of roots were coated with a silicone impression
material. The roots were then embedded in acrylic blocs as
described by Liu et al. (11).

Preoperative Micro-CT Analysis

The test specimens were scanned with a commercially
available high-resolution micro-CT system (SkyScan 1172;
Bruker micro-CT, Kontich, Belgium). The X-ray tube was
operated at 100 pA and 100 kV with a 0.5 mm Al filter, which
has a resolution of 13.68 um pixels. The scanning process was
carried out by a 180° rotation around the vertical axis with
a camera exposure time of 1550 ms, a frame average of 3,
a rotation step of 0.4°, and a random movement of 20. The
samples were scanned for approximately 60 minutes. The
axial cross sections were reconstructed using the resulting
two-dimensional images (8-bit TIFF). NRecon v.1.6.3 (Bruker
micro-CT, Kontich, Belgium) was used to reconstruct the axial
cross sections of the inner structure of the specimen with a
smoothing of 2, a beam hardening correction of 50%, and an
attenuation co-efficient range of 0-0.73.

Canal instrumentation

With PTN, Root canals were prepared with a K-file until #20
at the working length (WL). Then the PTN instruments were
implemented using an electric motor at 300 rpm at 2 N/cm
torque (X-Smart; Dentsply Tulsa Dental, Tulsa, OK). The X1 file
(17.04) was used with a slow in-and-out pecking motions until
WL was reached. Root canals were then rinsed using 10 ml
5.25% sodium hypochlorite (NaOCl) (Wizard, Istanbul, Turkey),
and a #15 K-file was used to confirm patency. Same operations
were accomplished with the X2, X3, and X4 files. When using
Reciproc, Root canals were prepared with a K-file until #20 at
the WL.The RECIPROC instrument was then operated using the
“RECIPROC all"mode of the electric motor (VDW Gold, Munich,
Germany). The R40 Reciproc file (40/0.06) was used with
three slow in-and-out pecking motions and a reciprocating
movement until WL was obtained. Root canals were prepared
with SAF by using a K-file until #20 at the WL. Then, the SAF
2.0-mm file was applied using an in-and-out vibrating hand
piece head (RDT3; ReDent Nova, Ra'anana, Israel) at at 5,000
vibrations per minute and at amplitude of 0.4 mm, as described
by Metzger Z et al. [7]. The instrument was used at the WL in
each canal with a packing motion for 4 minutes. During the
preparation, the canal was irrigated with a pump (Vatea ReDent
Nova, Ra'anana, Israel) and 5 ml 5.25% NaOCI per minute.

For all groups, the root canals were rinsed with a totally
40 ml 5.25% NaOCl, and a #15 K-file was used to confirm
patency during instrumentation. Then, each canal was dried
with sterile paper points. Both canals in the same root were
prepared using the same instrument and a new instrument
was used for another mesial root.

Dentinal Microcrack Evaluation

The images of the specimens before and after the canal
preparation were superimposed using Data Viewer software
(Bruker micro-CT). The cross-section images of the roots from
the apex to the top of the root were examined to detect any
dentinal microcracks (n = 7320).

Statistical analysis

The images were analyzed by two precalibrated examiners
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to identify the presence of dentinal microcracks. In the case
of divergence, the images were examined together until
reaching an agreement. The formation of the new microcrack
was recorded for groups and the data were then statistically
analyzed by using chi square test. Data was therefore
expressed as frequency. All calculations were performed with
SPSS 23 (IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp, USA) statistical
software. Confidence interval was set to 95% and p<0.05 was
considered statistically significant.

Results

A total of 21960 cross-sections were examined. Figure 1
shows the number of slices in each group with new formation
of microcracks (Figure 2). The SAF and Reciproc systems
caused a higher rate of new microcrack formation than that
foundinthe PTN (p < 0.001). There were significant differences
in the new microcrack formation between Reciproc and SAF
groups (p < 0.001).

ProTaper Next Reciproc

Figure 1. The number of slices in each group with new formation of
microcracks.

Before Preparation After Preparation

Pro Taper Next

RECIPROC

Figure 2. Representative cross-sectional images of 3 from each
experimental group. Red arrows point at microcraks already present
before preparation, yellow arrow point at new microcrack.

Discussion

In the root sectioning studies, the percentage of dentinal
defects created by PTN ranges from 11.6% to 33.3% (12,13);

the Reciproc ranges from 3% to 40% (1,4,11,14,15). These
researches demonstrated a clear association between root
canal preparation and created / propagation of dentinal
microcracks. Conversely, the studies that used micro-CT
conducted by De-Deus et al. (8,9) reported that mechanical
enlargement processes cannot be related to the formation
of new microcracks. However, in another micro-CT study by
Ceyhanli et al. (10), the evaluated instrumentation systems
increased the number of microcracks when compared to
preoperative images. Similarly, in the current study, the root
canal preparation with SAF, Reciproc, and PTN systems caused
new formation of microcracks.

In the root sectioning studies, dentinal microcrack
formation was not recorded after the root canal preparation
with SAF 1.5 mm (3,11). However, Hin et al. (16) reported
that the percentage amount of dentinal damage was 10%
by SAF 2.0 mm. In the root sectioning studies, preoperative
and postoperative findings cannot be compared and there is
no research using micro-CT about microcracks formation by
SAF in literature. In the present study, microcrack formation
was recorded after canal shaping procedures with SAF 2.0
mm. The rate of newly formed microcrack caused by the
SAF system was found statistically higher than that of PTN
(p < 0.001). These conflicting findings may be due to the
different instrumentation sizes (1.5 mm and 2.0 mm) and the
differences between the evaluation methods.

According to root sectioning studies, the microcrack
formation may be caused by rotational forces that were
applied to the root canal walls, and this may be related to
instrumentation kinematics, such as tip design, cross-section
geometry, taper pitch design, and fluted form (4,15). In a
study, Burklein et al. (4) reported that reciprocating files
produced significantly more incomplete dentinal microcracks
than full-sequence rotary systems. However, Liu et al. (11)
and Ashwinkumar et al. (14) informed that the Reciproc
instrument caused fewer microcracks than full-sequence
rotary instruments. In the present study, Reciproc system
caused the highest rate of newly formed microcracks.

In the literature, most of the studies reported that root canal
treatment procedures, such as root canal shaping, obturation,
and retreatment, cause microcracks in root dentin (4,12). In
recent years, many destructive studies examining dentinal
microcracks using stereomicroscope have been conducted
(3,15). In these studies, samples are obtained by conventional
root sectioning method, which causes the loss of a significant
amount of dentin. Only a few slices per tooth can be analysed,
androotsectioning can cause microcracksintherootdentin (9).
Inaddition, the mostimportant disadvantage of this methodis,
that because of the impossibility of investigating preoperative
root dentin, it is not decided that the present microcracks
occur due to the root canal preparation, are already present
before, or occur during the root sectioning. Recently, micro-
CT has been used in assessing dentinal microcracks. Micro-CT
supplies a three-dimensional, highly accurate establishment
of the precise location of preoperative microcracks and
previously existing dentinal defects throughout the root
dentin (8,9). contrast with traditional root sectioning methods,
it is possible to evaluate hundreds of slices for each tooth in
root using micro-CT imaging. In addition, micro-CT imaging is
a non-destructive method that averts the necessity for cutting
specimens. This approach arranges further experiments on the
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same samples, such as investigating the effect of obturation
retreatment post placement and removal procedures on
developing dentinal defects. Thus, in the present study a non-
destructive method (micro-CT) imaging system was used to
evaluate newly formed microcracks.

Conclusion

Within the limitation of this experimental study, it can be
stated that the Reciproc and SAF are more likely to cause
higher rate of newly formed microcraks than the ProTaper
Next system.
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Tiirk¢e 6z: ProTaper Next, Reciproc ve Self-Adjusting File sistemleri
kullanilarak  yapilan instrumantasyondan sonra yeni olusan
mikrogatlaklarin  karsilastiimasi. Amag¢: Bu ¢alismanin  amaci,
ProTaper Next, Reciproc ve Self-Adjusting File (SAF) sistemleriyle yapilan
kok kanal instrumantasyonundan sonra yeni olusan mikrog¢atlaklarin
mikro-bilgisayarli  tomografi  kullanilarak  karsilastirmal  olarak
degerlendirilmesidir. Gereg ve Yontem: 30 adet mandibular molar disin
mesial k6kii ProTaper Next, Reciproc ve SAF sistemleriyle hazirlanmak
lizere rastgele 3 deneysel guruba ayrildi (n=10). islem éncesi ve islem
sonrasi, 13.68 um izotropik ¢éziiniirliikte taramalar yapildi. Elde edilen
kesit gériintiileri (zerinde, yeni dentinal mikrogatlak olusumunun
varligi incelendi. Bulgular: SAF ve Reciproc sistemler, ProTaper Next
sistemine g6re daha yiiksek oranda yeni mikrogatlak olusumuna sebep
oldu (p < 0.001). Reciproc ve SAF guruplari arasinda da yeni mikrogatlak
olusumu agisindan anlamli bir tespit edildi (p < 0.001). Sonug:
Reciproc ve SAF sistemler, ProTaper Next sistemiyle karsilastirildiginda
daha yiiksek oranda yeni mikrog¢atlak olusumuna sebep olmustur.
Anahtar kelimeler: Dentinal mikrocatlak; mikro-bilgisayarli tomografi
gdriintiileme; Protaper Next; Reciproc; Self-Adjusting File.
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In-vitro evaluation of the effects of insertion and sterilization
procedures on the mechanical and surface characteristics of mini

Screws

Purpose

The aim of the present study was to investigate the effects of insertion and
sterilization on primary stability and to examine the mechanical and surface
characteristics of mini screws.

Materials and methods

140 miniscrews (70 Dual-Top; 70 Ortho-Easy) were divided into 3 groups. Group
1: control group, 10 miniscrews of each brand, evaluated without any primary
procedure. Group 2: 30 miniscrews of each brand, each inserted into the sawbone
once, then sterilized and tested. Group 3: 30 miniscrews of each brand, each
inserted into the sawbone twice, sterilized after each insertion and then tested. The
miniscrews were evaluated for changes in primary stability, mechanical and surface
characteristics with scanning electron microscopy (SEM) analysis, torsion tests,
maximum insertion-removal torques and vertical-horizontal pull out strength tests.

Results

The maximum insertion torque values of the unused miniscrews (Group 1) were
found to be significantly higher than those of the reused (Groups 2, 3) mini screws
(p<0.05). Removal torque, vertical-horizontal pull-out strength and torsional
strength value changes were found to be statistically insignificant. In SEM analysis,
wear and atrophy were seen on the threads of used miniscrews especially in the
apical region and the oxide layer was seen to have disappeared from some regions
of the coated miniscrews.

Conclusion

Although wear and atrophy were detected in SEM analysis of used miniscrews,
the overall primary stability and fracture torque resistance tests did not show any
significant changes after the first and second insertion and sterilization procedures.

Keywords: Miniscrew; orthodontic mini-implant; primary stability; scanning electron
microscope; sterilization

Introduction

Anchorage is defined as the resistance to unwanted tooth movementand
anchorage control is the key factor in successful orthodontic treatment (1).
Before skeletal anchorage devices, clinicians tried many kinds of mechanics
to obtain better anchorage via intraoral and extra oral devices. However,
the success of these treatments is greatly affected by patient discomfort,
the need for patient cooperation and side effects (2,3). The idea of skeletal
anchorage for orthodontic purposes arose from the need to eliminate
anchorage losses and patient compliance problems. Gainsforth and Higley
(4) performed the first successful application of skeletal anchorage in the
mid-1940s with vitalium implants. In 1997, Kanomi (5) introduced first

Civan Aved Hergel’,
Yasemin Bahar Acar?,
Mustafa Ates’,
Nazan Kiigiikkeles'

'Private practice, Istanbul, Turkey

2Marmara University, School of Dentistry, Department of
Orthodontics, istanbul, Turkey

Corresponding Author: Yasemin Bahar Acar
E-mail: yaseminbaharciftci@gmail.com

Received: October 20, 2017
Revised: May 14,2018
Accepted: September 21,2018

DOI: 10.26650/e0r.20197993

How to cite: Hergel CA, Acar YB, Ates M, Kiigtikeles N. In-vitro evaluation of the effects of insertion and
sterilization procedures on the mechanical and surface characteristics of mini screws. Eur Oral Res 2019;
53(1):25-31.

a Q0o
BY NC ND

This work is licensed under Creative
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License


https://creativecommons.org/licenses/by-nc/4.0/

26

Hergel CA et al.

mini-implants designed for orthodontic anchorage. With
developments in design and material, the miniscrews have
become one of the most common skeletal anchorage devices,
owing to simple placement, patient comfort and immediate
loading capabilities. However, one important issue with
miniscrews is that they can become loose due to their non-
osseointegrated structure and immediate loading capability.
Therefore, the primary stability, the stability immediately after
insertion in bone, is crucial for the success of mini screws (5).

Miniscrews can be applied to almost every region of the
mouth and can be used for many kinds of mechanics (6,7).
As the application process is very easy and well accepted by
patients, clinicians can move miniscrews to different regions
of the mouth according to anchorage needs (8). Sterilization
and recycling of orthodontic materials such as stainless steel
braces or nickel titanium archwires have been documented
in orthodontic practice. Buckthal and Kusy reported that 52%
of clinicians recycle nickel-titanium wires to reduce the costs
of orthodontic treatment (9). Some studies have shown that
sterilization and recycling have no effect on the mechanical
properties of orthodontic wires or braces, while others have
shown mechanical or surface alterations (10-12). Like wires
and braces, the recycling of miniscrews, although not well
documented, is an issue in orthodontic practice.

In a survey carried out in Turkey in 2014, 41% of participants
replied that they were using miniscrews more than once (13).
Although the recycling and reuse of invasive materials may
create an ethical concern and should not be encouraged, re-
insertion of a miniscrew can be considered in the same patient

TOTAL

(especially in cases of early failure, they can be re-inserted
in a different location), if sterilization and previous insertion
processes do not create any alteration in mechanical properties.
Reports on this subject have shown conflicting results. Mattos et
al. (8) found that in used miniscrews, the resistance to torsional
forces was decreased and therefore the reuse of miniscrews
was not recommended. In contrast, Noorollahian et al. (14).
investigated insertion, removal and fracture torque differences
between used and non-used miniscrews and found that
insertion into bone and processing with 37% phosphoric acid
for 10 minutes and 5.25% sodium hypochlorite for 30 minutes
and re-sterilization with autoclave, had no adverse effects on
insertion, removal, and fracture torque values. Estelita et al. (15)
also demonstrated no change in torsional strengths of screws
that had undergone recycling protocols

The aim of this study was to investigate the effects of
insertion and sterilization on primary stability, mechanical and
surface characteristics of miniscrews via SEM analysis, torsion
tests, maximum insertion-removal torques and vertical-
horizontal pull out strength tests, and thus, to evaluate the
viability of reusing miniscrews.

Materials and methods

140 miniscrews from two different brands were used for
the study (70 DualTop G2, Jeil Medical, Seul, South Corea;
70 OrthoEasy, Forestadent, Pforzheim, Germany). Both
miniscrews were cylindrical in shape (DualTop miniscrews:1.6
x 8 mm; OrthoEasy miniscrews 1.7 x 8 mm). The miniscrews
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Figure 2. a) Sawbone artificial bone material; b) Sawbone embedded
in acrylic resin.

Figure 3. Cedar DID-05 digital torque-screwdriver.

were divided into 3 groups. Group 1 was the control group and
consisted of 10 miniscrews of each type. They were evaluated
as they were received, without any primary procedure and
without insertion into the sawbone. Groups 2 and 3 were
experimental groups, consisting of 30 miniscrews of each
type. Group 2 was inserted into the sawbone once, then
sterilized and tested. Group 3 was inserted into the sawbone
twice, sterilized after each insertion and then tested. The
same researcher repeated all the procedures 1 month later.
The contents and procedures of the groups are schematically
shown in Figure 1. Sawbone artificial bone material was used
for experiments (Sawbone Europe AB, Malmg, Sweden). A
short-fiber filled epoxy sheet (2mm thickness; representing
cortical bone) was attached to a 20-pcf (0.32 g/cm?®) cellular
rigid polyurethane foam block (10mm thickness; representing
cancellous bone) with 3M acrylate bond (Figure 2). For the
specimens to be compatible with the Instron machine, the
artificial bone material was divided into 1x1x2.2 cm sized
pieces and were embedded into acrylic resin under water-
cooling. The uniformity of the blocks was checked with a
water gauge and each sample was given a number. Retention
grooves were drilled on the epoxy sheet to preserve material
integrity during the tests.

Maximum insertion and removal torque measurements

Insertions of mini screws were performed using a Cedar
DID-05 digital torque screwdriver (Checkline Europe

Figure 4. a) Schimatzu AG-IC Instron machine; b) Vertical resistance test
mechanism of DualTop miniscrews.

Figure 5. a) Vertical resistance test mechanism of OrthoEasy minis-
crews; b) Horizontal resistance test mechanism.

GmbH&Co.KG, Gronau, Germany). To place the miniscrews
perpendicular to the artificial bone, a special apparatus
was used (Figure 3). With this apparatus, the angulation of
the torque-meter was fixed and could not be changed. The
torque-meter could only move vertically and rotate around
its axis. The miniscrews were inserted with the digital torque-
meter until a 1.2mm gap was left between the bone and the
head of the miniscrews and the peak values of torques were
recorded. Removal of 20 miniscrews from each group was
applied with the same screwdriver and peak values were
recorded.

Vertical and Horizontal Resistance Tests

Horizontal and vertical resistance tests were performed
using a Schimatzu AG-IC Instron machine (Schimatzu Co.,
Tokyo, Japan) (Figure 4a). For vertical resistance tests of
DualTop miniscrews, a 0.8mm round wire was passed through
the hole of the miniscrew (Figure 4b). For vertical resistance
tests of OrthoEasy miniscrews, a notched device was passed
under the head of the screw, since OrthoEasy miniscrews
do not have holes on the head (Figure 5a). For horizontal
resistance tests a knife-like device was applied to the heads
of the miniscrews (Figure 5b). The force value of 0.6mm
displacement of the head was recorded.
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Cleaning and sterilization

Miniscrews that were to be examined with SEM after
insertion into the sawbone, were first cleaned of debris with a
Codyson CD-3800A ultrasonic cleaner (Codyson Electrical Co.
Ltd., Shenzhen, China) for 30 minutes and rinsed. Cleaning
solution was prepared using 1lt distilled water and 5ml
Endozyme (Ruhof Co., Long Island, New York, USA). Then,
each miniscrew was packed separately, sterilized at 135°C for
10 min and dried for 55 min with Statim 7000 (SciCan Ltd.,
Toronto, Canada).

Scanning Electron Microscopy Examinations

Scanning electron microscopy examinations were
performed with JEOL JSM-5910LV(JEOL Ltd. Tokyo, Japan)
and Energy scatter spectrometer INCAx-sight 7274 (OXFORD
Industries, England) with 133-eV resolution. Images of 10
miniscrews (5 DT, 5 OE) from each group were taken at 20x,
40x, 100x, 200x, 500x, 1000x, 2000x, 5000x and 10000x
magnifications to examine surface modifications.

Fracture Torque Tests

To understand torsional strength differences between the
non-used and re-used miniscrews, fracture torque tests were
applied. A 10mm thick cortical bone layer of bovine femur
bone was used for these tests. The miniscrews were inserted
in the bones until breaking point. Peak torque value before
fracture was recorded.

Statistical Analysis

SPSS for Windows 15.0 (SPSS, Chicago, Ill) software was
used for statistical analyses. The Kolmogorov-Smirnov test

was used to evaluate normal distribution of data. To evaluate
intergroup parameters of normally distributed data, the
Student’s t test and One-way Anova test were used. To
evaluate intergroup parameters of non-normally distributed
data, the Kruskal Wallis and Mann Whitney U tests were used.
The group that caused the difference was identified with the
Mann Whitney U test. Pearson Correlation analysis was used
to evaluate the relationships of parameters. Data reliability
was assessed by intraclass correlation coefficient (ICC). The
results were evaluated at a statistical significance level of
p<0.05 and a 95% confidence interval.

Results

The insertion and removal torque values of Group 2 and 3
are shown in Table 1. The insertion torque values of Group 2
were significantly higher than those of Group 3. A decrease
was determined in the removal torque values of Group 3, but
this difference was not statistically significant.

The vertical and horizontal resistance values of Groups
2 and 3 are shown in Table 2. There was no statistically
significant difference in the vertical and horizontal resistance
values between Groups 2 and 3 in the DualTop miniscrews.
The vertical resistance value changes of Groups 2 and 3 in
the OrthoEasy miniscrews were also statistically insignificant,
but the horizontal resistance of Group 3 in the OrthoEasy
miniscrews was significantly higher than that of Group 2
OrthoEasy miniscrews.

The fracture torque values of all the groups are shown in
Table 3. There was no difference between the groups in
respect of fracture torque values.

SEM examinations showed noticeable wear in the used
miniscrews. (Figure 6,7) Wear was increased in Group 3. The
same operator repeated all the tests 1 month later. ICC was
found to be close to 1.00.

Table 1: Insertion and removal torque values (Ncm) for DualTop and OrthoEasy miniscrews in Group 2 and Group 3

Group Group llI
p
n MeanxSD n MeanxSD

InsertionTorque 30 26.98+0.68 30 26.57+0.47 0.011*
Dual Top

RemovalTorque 10 24.32+0.33 10 24.18+0.33 0.370

InsertionTorque 30 47.48+0.37 30 47.17+0.44 0.004**
OrthoEasy

RemovalTorque 10 32.28+0.33 10 32.17+0.40 0.511

Table 2: Vertical and horizontal resistance values (N) for DualTop and OrthoEasy miniscrews in Group 2 and Group 3

Group Il Group Il p
n MeanzSD n Mean+SD

Horizontal Resistance 10 518.05+67.15 9 529.90+26.07 0.626
Dual Top

Vertical Resistance 9 174.60+43.87 10 203.27+£14.58 0.092

Horizontal Resistance 9 591.32+99.55 10 589.06+47.28 0.952
OrthoEasy

Vertical Resistance 10 270.21+65.47 10 319.76+22.97 0.045*
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Table 3: Fracture torque values for DualTop and OrthoEasy
miniscrews according to the groups

Dual Top OrthoEasy
FractureTorque
n Mean=SD n MeanxSD
Group | 10 33.67+1.44 10 29.04+0.39
Group Il 10 33.73£1.11 10 29.11+0.41
Group Il 10 33.60+1.44 10 28.98+0.57
p 0.976 0.817
40X 100X 40X 100X

GROUP 1

GROUP 2

GROUP 3

DUAL TOP ORTHO EASY

Figure 6. SEM images (40x and 100x magnification).

200X 1000X 200X 1000X

GROUP 2 GROUP 1

GROUP 3

DUAL TOP

ORTHO EASY

Figure 7. SEM images (200x and 1000x magnification).

Discussion

Widespread usage of miniscrews has led to better treatment
results in critical anchorage cases. In some cases, changing
the miniscrew position may be necessary. The possibility of
recycling miniscrews would decrease treatment costs and
improve treatment results (14). However, there are ethical
considerations about the reuse of invasive medical materials
among different patients. Nevertheless, especially in cases of
early failure, re-insertion of the miniscrew in the same patient
may be an option if the materials do not have any structural and
functional changes (8). However, expected changes in tip and
threads may change the insertion performance of miniscrews
during re-insertion. The aim of this study was to assess the
impact of insertion and sterilization processes on primary
stability, mechanical and surface characteristics of miniscrews.

Primary stability is affected mainly by miniscrew design,
bone quality and insertion angle (16-18). To assess primary
stability, periotest, resonance frequency analysis, insertion
and removal torque measurements and pull-out strength
tests have been used in previous research (5,19,20). Periotest
and resonance frequency analysis often have low accuracy
and values for different screw types may not be comparable
(21).Insertion and removal torques and pull out strength tests
are the most common methods for assessment of primary
stability (18,22,23).

For in-vitro evaluation of primary stability of miniscrews,
various bone specimens, such as femurs or ribs of animals,
jaws of cadavers or artificial bone materials, have been
used previously (5,24-26). Artificial bone materials provide
uniform bone thickness and density. They have been used in
various studies that have aimed to understand the effects of
miniscrew design on primary stability, in order to eliminate
bone specimen differences (19,27). In the present study,
artificial bone material was preferred to standardize the
variables related to bone materials. Having a uniform cortical
bone thickness, bone density and a fixed vertical load and
direction were advantages in this study design.

Researchers have used several methods for the cleaning
process of miniscrews. Mattos et al. used ultrasonic cleaner
with an enzymatic detergent (Endozyme), Noorollahian
et al. used 37% phosphoric acid and sodium hypochlorite
solution and Estelita et al. used sandblasting with 90 um
Al,O5 particles prior to ultrasonic cleaning (8,14,15). In the
present study, there were no tissue remnants attached to
the miniscrews because artificial bone was used. However,
in order to simulate the cleaning process of used miniscrews,
ultrasonic cleaning with Endozyme was performed.

Many researchers investigating the effects of screw diameter
have reported that an increase in screw diameter increased
primary stability (5,28). In addition, lijima et al. showed that
miniscrews of smaller diameter were less resistant to torsional
forces (29). In the present study, miniscrews of similar diameters
were used. Surprisingly, the fracture torque values were found
to be lower in the OrthoEasy miniscrews. This could have been
due to the thinner inner diameter of the OrthoEasy miniscrews
and it was observed that fracture occurred at the thinnest part
of the middle third of the threaded region.

Many studieshave comparedthe primarystability of different
kinds of miniscrews, but few have evaluated the primary
stability of reused miniscrews. The insertion and removal
torque values of the OrthoEasy miniscrews were significantly
higher than those of DualTop miniscrews. Maximum insertion
torque values are created at the neck region of miniscrews.
The torque values of the OrthoEasy miniscrews were higher
because the neck region of OrthoEasy miniscrews are thicker.
The insertion torque values of the reused miniscrews were
lower than those of the new miniscrews. This finding could
be due to abrasion and smoothening of the surface that was
observed in SEM analysis. The mean removal torque values
of reused miniscrews were also decreased but the difference
was not statistically significant. No statistically significant
difference was determined in the resistance test results.
When all the parameters of primary stability were compared
together, it was concluded that the difference between the
twice-used and new miniscrews in respect of primary stability
was not significant.
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One of the most dangerous scenarios of miniscrew failure is
breakage of miniscrew during insertion or removal. Mattos et al.
found a statistically significant decrease in the fracture torque
values of the reused miniscrews and it was concluded that reuse
of miniscrews should not be recommended, although fracture
torque values were higher than the insertion torque values
suggested by Motoyoshi et al. (8,17). In contrast, Noorollahian
et al. and Estelita et al. found no difference between new and
reused miniscrews (14,15). The fracture torque values of the
present study were consistent with the findings of the studies
by Noorollahian et al. and Estelita et al.

Microscopic evaluation of reused miniscrews is crucial
for assessment of structural changes. Chatzigianni et al.
and Mattos et al. showed that there were no alterations in
material structure, such as corrosion, cracks or defects on
reused miniscrews (5,8). However, Mattos et al. observed
smoothening of threads, atrophy of the tip region and
scratches on reused miniscrews (8). In the present study,
the same alterations were observed in reused miniscrews. It
can be thought that alterations in the tip and threads would
change insertion performance of miniscrews during re-
insertion but these alterations made no significant difference
in the second insertion of the used miniscrews. However, the
decrease in insertion torque value was significant after the
second insertion.

Conclusion

Although wear and atrophy were seen in used miniscrews,
the overall primary stability and fracture torque resistance did
not show a significant change after the second insertion. It
should be kept in mind that there are ethical considerations
about the re-use of invasive medical materials among
different patients and this study evaluated in-vitro changes in
miniscrews up to the second re-insertion procedure. Within
the limits of this study, it can be concluded that miniscrews
can be re-inserted, especially in early failure cases, for a
second time without a significant change in their mechanical
and structural properties, but only if cleaning and sterilization
processes are applied methodically.
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Tiirkce 06z: Yerlestirme ve sterilizasyon islemlerinin minividalarin
mekanik ve yiizey Ozellikleri (lzerindeki etkilerinin in-vitro olarak
incelenmesi. Amag¢: Calismanin amaci, yerlestirme ve sterilizasyon

islemlerinin minividalarin mekanik ve yiizey ézellikleri (lizerindeki
etkilerinin incelenmesidir.Gere¢ ve yéntem: 140 minivida (70 Dual-
Top; 70 Ortho-Easy) 3 gruba ayrilmistir. Grup 1: kontrol grubu; her iki
markadan 10‘ar adet minivida herhangi bir islem uygulanmadan
incelenmistir. Grup 2 ve Grup 3: ¢calisma gruplari; her iki markadan
30‘ar minivida. Grup 2'de minividalar yapay kemik bloguna bir kez
yerlestirilip sterilize edilerek test edilmistir. Grup 3'de minividalar
yapay kemik bloguna iki kez yerlestirilip ¢ikarilmis; her yerlestirilme
sonrasi sterilizasyon islemleri yinelendikten sonra testler uygulanmustir.
Minividalar primer stabilite, mekanik o6zellikler ve yiizey &zellikleri
agisindan Taramali  Elektron Mikroskobu analizi, burulma testi,
maksimum yerlestirme ve ¢ikarma torku, yatay ve dikey cekme kuvveti
testleri ile degerlendirilmistir. Bulgular: Grup 1'in maksimum yerlestirme
tork degerleri Grup 2 ve 3%e gére anlamli sekilde yiiksek bulunmustur
(p<0.05). Ancak ¢ikarma torku, yatay ve dikey ¢ekme kuvveti ve
burulma direnci degerlerindeki degisim istatistiksel olarak anlamli
bulunmamustir. Taramali elektron mikroskobu analizinde, Grup 2 ve 3'te
minividalarin ézellikle apikal bélgelerinde asinma oldugu ve kaplamali
minividalarin oksit tabakasinin kismen kayboldugu gézlemlenmistir.
Sonug: Calisma grubu minividalarinin taramali elektron mikroskobu
analizinde asinma ve atrofi gézlenmesine ragmen mekanik testlerde
kontrol grubu ile arasinda anlamli bir fark bulunmamistir. Anahtar
kelimeler: minivida; ortodontik mini-implant; primer stabilite; taramali
elektron mikroskobu; sterilizasyon.
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In vitro antibacterial activity of self-etch bio-active dental

adhesives after artificial aging

Purpose
The aims to evaluate the antibacterial effect of different bioactive component
containing dental adhesives before and after artificial aging.

Materials and Methods

Two bio-active adhesives; Clearfil Protect Bond and FL Bond Il, two non-bioactive
adhesives, Clearfil SE Bond and Clearfil S3 Bond were used for this study.
Antibacterial activities of the fresh and aged samples against Streptococcus mutans
were investigated with Direct Contact Test. Data were analyzed with Kruskal Wallis
and Mann Whitney U multiple comparison tests.

Results

For fresh samples FL Bond Il and Clearfil Protect Bond exhibit similar antibacterial
effect but Clearfil Protect Bond showed significantly higher antibacterial effect after
aging the samples (p < 0.05).

Conclusions

The incorporation of bio-active antibacterial components into adhesive systems
may be considered as a fundamental component in inhibiting residual Streptococcus
mutans when considering the antibacterial effect of fresh samples of bio-active
adhesives.

Keywords: Bio-active adhesives; antibacterial activity; S.mutans; Direct Contact Test;
artificial aging

Introduction

Today in the treatment of dental caries, resin-based composites are
widely preferred. Nevertheless, microleakage and the tendency for plaque
accumulation is a downside of the resin composite material, which occurs
due to polymerization shrinkage and is generally followed by secondary
caries (1). Although the continuous improvement in composite restorative
materials and dentin adhesive systemes, it is not yet possible to completely
prevent microleakage (2-4).

Therefore Ultimate novelty in adhesive materials should focus on
special features rather than altering present technologies. With this being
accomplished, bio-active adhesive materials could promote prognosis of
restorative treatments (5).

In order to gain bio-active properties such as antibacterial, matrix
metalloproteinase inhibitor, remineralization and anti-plaque effects;
quaternary ammonium compounds based resin monomers, silver and
calcium phosphate nanoparticles, ion-releasing glass fillers and growth
factors such as 4-META/MMA (4-methacryloxyethyl trimellitate anhydride/
methacrylate) are added into the resin materials (5,6).

Glilbike Demirel' ©,
Miijde Eryilmaz? ©,
Hande Seberol® ©,
Giirkan Giir’

ORCID IDs of the authors: G.D. 0000-0002-0828-0532;
M.E. 0000-0003-3760-1996; H.E. 0000-0001-5191-576X;
G.G. 0000-0002-5592-0459

'Department of Restorative Dentistry, Faculty of Dentistry,
Ankara University, Ankara, Turkey

2Department of Pharmaceutical Microbiology, Faculty of
Pharmacy, Ankara University, Ankara, Turkey

3Oldcity Dental Hospital, Eskisehir, Turkey

Corresponding Author: Giilbike Demirel
E-mail: gulbikedemirel@gmail.com

Received: November 17,2017
Revised: March 8,2018
Accepted: May 29,2018

DOI: 10.26650/e0r.20195121620188

How to cite: Demirel G, Eryilmaz M, Seberol H, Giir G. In vitro antibacterial activity of self-etch bio-active
dental adhesives after artificial aging. Eur Oral Res 2019; 53(1): 32-37.

8 o0l
BY NC ND

This work is licensed under Creative
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License


https://orcid.org/0000-0002-0828-0532
https://orcid.org/0000-0003-3760-1996
https://orcid.org/0000-0001-5191-576X
https://orcid.org/0000-0002-5592-0459
https://creativecommons.org/licenses/by-nc/4.0/

Antibacterial activity of bio-active adhesives

33

12-methacryloyloxydodecylpyridinium bromide (MDPB)
is a polymerizable and bactericide, quaternary ammonium
compound. When the MDPB incorporated resin is cured the
antibacterial component is immobilized and not released
from the material after polymerization. These component is
damaged in contact with bacteria (7).

Another method for generating antibacterial bio-active
adhesive was combined silver (Ag) and amorphous calcium
phosphate (NACP) nanoparticles to dental adhesives (5). In
vitro investigations revealed that Ag and NACP nanoparticles
containing adhesives have remineralization and antibacterial
features. These effects might be of great benefit to improve
bond strength and prevent to secondary caries (8,9).

In recent years, a great number of surface pre-reacted glass
fillers (S-PRG) containing dental materials were introduced by
Shofu Inc. (5). These fillers are established by initiating an acid-
base reaction between fluoroboroaluminosilicate glass and
aqueous polyacrylic acid. Researchers reported that these bio-
active fillers induce remineralization and show antibacterial
effects (10,11) through the release of ions such as fluoride,
strontium, sodium, boron, aluminum and silicon (12,13).

While presently marketed dental adhesives have satisfactory
clinical performance, it is suggested that adhesive materials
containing bio-active components could contribute to better
outcomes. Antibacterial bio-active components are still in the
experimental stage and only MDPB and S-PRG are available
on the market.

The aim in this study is to investigate the antibacterial
effect of different bio-active component containing dental
adhesives.

Materials and methods
Adhesives

Two bio-active and two non-bio-active adhesive systems
were used in this study: Protect Bond (MDPB containing
adhesive resin), FL Bond Il (S-PRG containing adhesive resin),
Clearfil SE Bond and Clearfil S3 Bond. Adhesive systems were
evaluated in this study are shown in Table 1.

Direct Contact Test (DTC)

Streptococcus mutans (ATCC 25175) was used in this study.
The DCT is based on the bacteria counting method in 24-well
microliter plates (24-well, flat-bottom Cellstar, Copenhagen,
Denmark). Each tested adhesive resins were 20uL adsorbed to
sterile paper disks (Oxoid, Hants, UK), adapted to the sidewall
of the plate and cured with LED light curing unit (SDI Radii
Plus, SDI Limited, Australia), according to manufacturer’s
instructions.

For group 1, 20 uL bacterial suspension (1,5x10% CFU/ml)
was placed on each sample and placed on plates incubated at
37°C,in avertical position, for one hour. Wall of uncoated wells
were contaminated with bacterial suspensions and used as
control. During incubation, evaporation of suspension liquid
ensured direct contact between bacteria and the tested
material. Then, 3ml of tryptic soy broth (TSB) broth was added
to each of the wells and gently mixed for two minutes. The
bacterial suspension of each well was transferred and serially
diluted in TSB. Culturing aliquots 0,1/1 onto tryptic soy agar

Table 1: Adhesive composition and application procedure. (Abbreviations: MDP: 10-Methacryloyloxydecy! dihydrogen phosphate, MDPB:

12-Methacryloyloxydodecyl pyridinium bromide, Bis-GMA: bisphenol A glycidyl methacrylate, HEMA: Hydroxyethylmethacrylate, S-PRG: surface
pre-reacted glass ionomer, UDMA: urethane dimethacrylate, TEGDMA: Triethylene glycol dimethacrylate).

Adhesive System Material Type

Composition

Manufacturer

Clearfil Protect Bond, Primer

Bioactive dental

Two component self-etch
adhesive

MDP, MDPB, HEMA,Hydrophilic
dimethacrylate, Water

adhesive Bond

MDP, Bis-GMA, HEMA,Hydrophobic
dimethacrylate,dl-
Camphorquinone,N,N-Diethanol-p-
toluidine,Silanated colloidal silica,
Surface treated sodium fluoride

Kuraray Medical Inc.,
Okuyama, Japan

FL Bond Il, Bioactive Primer

dental adhesive

Two component self-etch
adhesive

Water, Ethanol,Carboxylic acid
monomer, Phosphoric acid
monomer and initiator

Bond

Shofu Inc., Kyoto, Japan
S-PRG filler based on

fluoroboroalimoslicte glass, UDMA,
TEGDMA, 2-HEMA, initiator

Clearfil SE Bond Two component self-etch Primer

adhesive

MDP, HEMA, Hydrophilic
dimethacrylate, Water

Bond

Kuraray Medical Inc.,
Okuyama, Japan

MDP, Bis-GMA, HEMA,Hydrophobic
dimethacrylate,dl-
Camphorquinone,N,N-Diethanol-p-
toluidine,Silanated colloidal silica

Clearfil S3 Bond One component self-etch

adhesive

MDP, HEMA, Bis-GMA, Hydrophilic
aliphatic dimethacrylate,
Hydrophobic aliphatic methacrylate,
Colloidal silica, dl-Camphorquinone,
Accelerators, Initiators, Water

Kuraray Medical Inc.,
Okuyama, Japan




34

Demirel G et al.

20 pL
bacterial
suspension
(1,5%x108 cfu/ml)

Material placed

in side walls Direct contact

Figure 1. Schematic drawing of direct contact test performed.

after serially diluted range from 10" to 102 detected surviving
bacteria. After 24 hours incubation at 37°C, colonies were
counted, and Cfu/ml was calculated (Figure 1).

For group 2, after the polymerization of the adhesives, 3ml
of sterile distillated water was added to each of the wells. At
the end of the aging period (7 days) samples were removed
from the distillated water. The antibacterial activity of fresh
and aged samples was tested at the same time as described
above. All experiments were performed in triplicate.

Statistical analysis

The collected data from all groups were imported to
Statistical Package for Social Sciences 16.0 for Windows
software, (SPSS Inc., Chicago, IL, USA). The nonparametric
Kruskal-Wallis one way analysis of variance by ranks and
Mann-Whitney U tests were used for the multiple and pairwise
comparisons, respectively. The confidence interval was set to
95% and p < 0.05 was considered statistically significant.

Results

The results of the antibacterial effects of the bio-active dental
adhesives from DCT are presented in Figure 2. For fresh samples
Clearfil Protect Bond and FL Bond Il shows exhibited the most
effective antibacterial activity against S.mutans. The difference
between these two and the other groups including the control
were significant (p < 0.5). When compared with fresh and
aged samples, only Clearfil Protect Bond showed significant
antibacterial effect after aging. Although fresh samples of FL
Bond Il exhibit similar antibacterial effects to Clearfil Protect
Bond, when aged, antibacterial effects are similar to adhesive
groups without bio-active component . There is no difference
between the aged and fresh samples among the adhesive
systems without the bio-active component.

Discussion

Over the last decade, composite resin materials have
become highly preferable in restorative dentistry (14).
Because of their superior aesthetic properties than dental
amalgams and ability to be used with minimally invasive
preparation techniques, moreover the potential for bonding

TSE broth Measurements at 37 C

aml with colony counting

Cfu/ml

400 b

350

300

250

200

150

100

50 a

o
cPB. cPB+ FLIl FLI CSE CSE+ cs3 cs3+ Control

Figure 2. Bacterial growth rate after direct contact with tested mate-
rials (Ab abbreviated 103). Identical letters indicate that mean values
were not significantly different (p=0.05). (Abbreviations: PB: Clearfil
Protect Bond, PB+: Clearfil Protect Bond aged, FLII: FL Il Bond, FLII+: FL
I Bond aged, CSE: Clearfil SE Bond, CSE+: Clearfil SE Bond aged, CS3:
Clearfil S3 Bond, CS3+:Clearfil S3 Bond aged) .

to dental hard tissues, composite materials are often used to
restore decayed or traumatized teeth, and for the aesthetic
restoration of discolored and malpositioned teeth, as a direct
and indirect restorative material (15). Nevertheless, some
studies have revealed shorter longevity and higher failure
rates for amalgam compared to composite restorations
(16-20). One of the major reasons for failure of composite
restorations is secondary caries (15-17,19-22).

The etiology of the seconder caries is an infectious disease
of bacterial origin, similar to primary caries (23), and consist
mainly of S. mutans, Lactobacilli and Actino-myces naeslundii
(24). The demineralization mechanism is the same as the
primary caries, but the presence of restorative material creates
some differences. The cariogenic attack in secondary occurs
also from the tooth-restoration interface (15). Furthermore,
other studies reported that the amount of plaque and
caryogenesis was directly related to restorative material used
(15,17-20, 24).

In general, composite resin materials are differed from
amalgam and glass-ionomers, because they do not exhibit
antibacterial properties (25). Studies have been reported
that they show antibacterial properties due to metal ions
in amalgam and fluorid-releasing capacity of the glass
ionomer (26-28).
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A number of experimental composites have been
developed by combining antibacterial bio-active components
to the resin or filler content of dental composites (29-33).
Recent studies report that the mechanical properties of
some of these materials are much the same to traditional
composites (32,34), but lack information about a large part
of their mechanical and aesthetic characteristics, furthermore
antibacterial bio-active component containing composites
are still in the experimental phase and other than fluoride-
releasing composites are commercially unavailable.

At the present time, no suitable method or material
has been developed to provide antibacterial activity to
composite materials, on the other hand much has been
done about the antibacterial activity of adhesive systems
(5). If dentin adhesive systems can exhibit antibacterial
effects during placement of the restoration, this may
provide inactivation of residual bacteria. In addition, after
the restoration was completed, the antibacterial activity
of the adhesive systems may be effective to inactivated
bacteria in the dental plaque.

Many attempts have been made to produce dental
adhesive systems that have bio-active component which
could contribute to better prognosis of restorative treatments
(5,9,35,36). The current study evaluated the inhibition of
bacterial growth by DTC of two bio-active self-etch adhesive
systems against S. mutans. Conventional Agar Diffusion
Test (ADT) (37,38), tooth cavity model technique (39,40)
dentin discs method (41) and bacterial penetration on the
histological sections of extracted teeth (42,43) have been
used in previous studies to investigate the antibacterial
effect of dental adhesives. The DCT is a quantitative and
reproducible technique that simulates the contact of the test
microorganism with dental adhesives similar to microleakage.
The technique also provides for better control of potential
confounding factors than ADT (44-46). Tooth cavity model
technique and dentin discs method involves a dentin
substrate in methodology and according to the researchers
they provides more reliable results about antibacterial
activity of dental adhesives (39-41). However, these methods
may not be suitable for investigating the antibacterial activity
of dentin adhesives after aging process (42,43). The bacterial
penetration test (42,43) provides information about the ability
of the tested adhesives to prevent bacterial microleakege but
does not indicate the ability to inhibit residual bacteria on the
cavity. In this study, to evaluate the antibacterial activity of
fresh and aged adhesive samples formed by direct contact
with S. mutans, DTC method was used.

S. mutans was selected as the test microorganism because
it is the primary pathogen responsible for the initiation of
caries and the development of secondary caries (24). As in
this study S.mutas has been used in many studies to examine
the antibacterial effect of dental materials (10,39,40,47).

Among the fresh samples tested, Clearfil Protect Bond and FL
Bond Il exhibited antibacterial activity compared to the other
self-etch adhesives and control (p<0.05). Furthermore, only the
Clearfil Protect Bond's antibacterial activity persisted within
the aged samples. The prolonged antibacterial effect of Clearfil
Protect Bond is related to the antibacterial MDPB molecule.
After curing, MDPB-containing resins inhibit the growth of
bacteria in contact with the material, thereby act as a “contact
inhibitor” (5). Studies have shown significant reduction of S.

mutans number, when incubated in contact with the cured
primer/adhesive surface containing MDPB (7,48).

In this study, fresh samples of FL Bond Il also exhibited
antibacterial activity compared to the other self-etch
adhesives (p < 0.05) and this antibacterial effect is similar to
the Clearfil Protect Bond (p > 0.05). However this antibacterial
activity did not persist when it was aged.

Studies have shown that fluoride released by fluoride-
releasing dental materials are intense during the first week of
immersion in water; but reduce later on (49,50). Considering
these studies, the reason for the decrease in antibacterial
activity in aged FL Bond Il samples might be related to loss of
most of the fluoride concentration during the aging process.

Conclusion

This study highlights the incorporation of bio-active
antibacterial component into adhesive systems which may
become an essential factor in inhibiting residual S.mutans in
the cavity.
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Tiirkge 6z: Self-etch bio-aktif dental adezivlerin yapay yaslandirma
sonrasi antibakteriyel etkilerinin in-vitro olarak incelenmesi. Amag:
Bu ¢alismanin amaci; farkli bioaktif iceriklere sahip dental adezivlerin
yapay yaslandirma 6ncesinde ve sonrasinda antibakteriyel etkilerinin
degerlendirilmesidir. Gere¢ ve Yéntem: Calismada; iki adet biyo-
aktif adeziv; Clearfil Protect Bond, FL Bond Il ve iki adet biyo-aktif
icerige sahip olmayan dental adeziv; Clearfil SE Bond ve Clearfil
3S Bond kullanilmistir. Adeziv sistemlerin Streptococcus mutans'a
karsi antibakteriyel etkinliklerinin dederlendirilmesinde direk temas
testi kullaniimistir. Veriler Kruskal Wallis ve Mann Whitney U ¢oklu
karsilastirma testleri kullanilarak analiz edilmistir. Taze hazirlanmis
6rneklerde FL Bond Il ve Clearfil Protect Bond benzer antibakteriyel etki
gostermistir (p > 0.05), ancak yaslandiriimis 6rneklerde Clearfil Protect
Bond’un antibakteriyel etkinligi anlamli derecede yliksektir (p < 0.05).
Sonug: Taze hazirlanan bio-aktif adeziv érneklerinin gdstermis oldugu
antibakteriyel etki dikkate alindiginda, bio-aktif icerige sahip adezivler
kavitedeki reziduel S.mutas eliminasyonu amaciyla kullanilabilir.
Anahtar kelimeler: Bio-actif adezivler; antibakteriyel aktivite; S.mutans;

Direkt Kontak Testi; yapay yaslandirma
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The effects of autologous platelet concentrate on the healing of
intra-bony defects: a randomized clinical trial

Purpose

The present study aimed to evaluate the clinical and radiographic effects of
autologous platelet concentrate (APC) on the healing of intra-bony defects filled
with B-tricalcium phosphate (B-TCP) and covered with collagen membranes.

Subjects and methods

This study included 30 defects of 14 systemically healthy subjects. All of them had,
at least, two deep intra-bony, inter-proximal periodontal defects. Minimum probing
pocket depth (PPD) was 6 mm. Clinical and imaging examination was performed
both at baseline and at 3, 6, and 9 months after surgery.

Results

Both the test and control group revealed a significant reduction in all variables
when compared with the base line. Mean reduction of the PPD in two groups at
each follow-up time point showed no significant difference. Means of the clinical
attachment gain of the same groups were significantly different (p<0.05). Mean
gingival recession at 3 month was not significant. However, the means of gingival
recession coverage of two groups were significantly different at 6 and 9 months
(p<0.05 for both).

Conclusion
Sites treated with APC are more likely to demonstrate more clinical attachment gain
and recession coverage at the end of 9 month compared to those without APC.

Keywords: Intra-bony defects; periodontal regeneration; periodontitis; platelet rich
plasma; B-tricalcium phosphate

Introduction

Periodontitis is a site-specific disease that causes periodontal attachment
and bone loss (1). In the general population, periodontitis is a common
cause of tooth loss (2). One of the important goals of periodontal treatment
is to reduce the pocket depth (3). Non-surgical treatment is indicated in
cases with moderate periodontitis. On the other hand, standard treatment
protocol should be supported with periodontal surgery in the presence of
deep pockets and intrabony defects (4).

According to Melcher’s hypothesis (5), the selected cell population in the
periodontium can regenerate periodontal tissues provided that the cells
could occupy the periodontal wound. Guided tissue regeneration (GTR) is a
regenerative technique in which a physical barrier was positioned between
the flap and the root surface to prevent the migration of the connective
tissue and epithelium. This provides an opportunity for the pluripotent
ligament cells to multiply on the root surface (6).

Tricalcium phosphate (TCP) is an alloplastic bone substitute which has
been extensively researched since the 1970’s. This resorption rate of this
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material has been reported to be similar to that of the new
bone apposition (7). Its potential to stimulate the bone
formation is higher than hydroxyapatite, but lower than that
of the Bioglass (6,8).

SynOss®(Dentacare, Pune, India) is a commercially available
pure phase Beta TCP. It meets the purity requirements for
bioceramics of the American standards (ASTM F 1088-87). It
is biocompatible, carries no risk of disease transmission and
shows no immunogenic reactions (9). SynOss® has unique
forms of the granules mimicking the bone macroscopic
structure (9). It fully degrades within 6-12 months which is
close to the native bone apposition rate, depending on the
patient’s individual regeneration potential (10).

Various types of absorbable and non-absorbable materials
have beentestedas membranesfor GTR(11,12).Perio-Col®GTR
is a bio-absorbable Type | collagen membrane manufactured
from the air-bladder of edible fresh water fish. Perio-Col®
is a non-toxic, non-allergenic and non-immunogenic
biocompatible material (13). Especially when combined with
platelet rich plasma, Perio-Col® GTR membrane has shown
promising results in the treatment of intra-bony defects (14).

Mitogenesis, chemotaxis and cell differentiation during the
repair and/or regeneration process are regulated by growth
factors (15). Improved osseous defect fill has been reported in
patients treated with platelet derived growth factors (PDGF/
IGF-I) during its first human clinical trial (16).

PDGF, insulin-like growth factor (IGF) and transforming
growth factor- 3 (TGF-) enhance wound healing and provoke
regeneration(17).PRP’s potential in new bone formation
was first reported in 1998(18). The aim of the present study
is therefore to examine the effect of autologous platelet
concentrate on periodontal regeneration when used in
combinationwithanalloplasticbone graftand GTRmembrane.
The null hypothesis of this research is that no difference can be
observed between study and control groups.

Subjects and Methods
Study participants

The study was approved by the ethics review and research
board (Approval no. 16/2013, MGV 30134/43246). The study
design was a randomized clinical case-controlled trial that
follows the guidelines cited by CONSORT. Written, informed
consents were obtained from all patients. Thirty defects of 14
systemically healthy patients were included. Male to female
ratio was 1:1, their age range was 20 to 55 years and mean age
was 34 + 10.57 years.

Patient selection

Having no contraindication for periodontal surgery, good
oral hygiene habits, having at least two intra-bony defects, one
at each quadrant or contra-lateral sides of the same region,
having minimum 6 mm of probing pocket depths (PPD) and
having radiographic angular bone defect of at least 4 mm at
baseline were the inclusion criterion. Patients with more than
1 mm of mobility, prosthetic restoration and/or endodontic
treatment in the affected teeth, those who are allergic to
drugs, pregnant and/or lactating, smokers or having any other
contraindication for periodontal surgery were excluded.

Study design

Thirty selected sites in 14 patients were randomly allocated
into either one of the Site A or Site B groups stratified by the
treatment plan, each site in different quadrants. Defects in
Site A were filled with 3-TCP mixed with autologous platelet
concentrate (APC) and then covered with absorbable collagen
membrane (Perio-Col®-GTR). Defects in site B received also a
B-tricalcium B-TCP but no APC and they were again covered
with the same collagen membrane. The healing process was
recorded by following the baseline scores and those registered
after3, 6, and 9 months after surgery. Full mouth plaque index
(PI) (19), full mouth papillary bleeding index (PBI) (20), PPD,
clinical attachment level (CAL), gingival recession (REC) were
determined at each time point. A cast model was obtained
from alginate impression and occlusal stents from acrylic
resin were fabricated for probe positioning (21).

Radiographic parameters

After initial therapy, standardized radiovisiographs (RVG)
(Kodak DS, Rochester, NY, USA)were taken with the RINN
XCP system (DENTSPLY, Tulsa, Oklahoma, USA), at baseline,
and after 3, 6, and 9 months following surgery. The following
landmarks were identified on the radiographs: Cemento-
enamel junction (CEJ), base of the defect (BD), alveolar
crest (AC), cemento-enamel junction to root apex (RA)
(Figure 1). Pre- and post-treatment radiographs (RVG) pairs
were compared to investigate the presence of crestal bone
resorption (ACC), bone defect filling (BF) and the extent of
defect resolution which was calculated with the following
formula: DR= (BF—-ACC).

llllllllmll

Figure 1. Radiographic planning of the treatment (A: cemento-enam-
el junction to alveolar crest, B: cemento-enamel junction to base of the
defect, C: root).

Surgical procedure

An hour prior to surgery, venous blood was collected and
stored in a 10 ml tube that contains 3.2% sodium citrate
as anticoagulant. Tubes were then placed in a manual
centrifugation device (e-tek, Remi laboratory, India). The first
step was completed in 13 minutes at 1000 rpm and the second
one in 10 minutes at 2000 rpm. APC was collected from the
bottom layer of the test tube (Figure 2). 10% calcium chloride
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was added to activate APC, and then the mixture was left
undisturbed for 15-20 minutes to ensure a proper gel formation.

The surgical procedure was performed under local
anesthesia, P-tricalcium phosphate granules (SynOss®)
of 300u - 600u particle size, were mixed with 2-3 drops of
fresh blood from the same defect and then mixed with the
coagulated APC (Figure 3). Bio-absorbable membrane (Perio-
Col®) was used for guided tissue regeneration. The membrane
was placed and sutured over the defect with absorbable
suture material (Vicryl® 4-0 reverse cutting, Ethicon, Johnson
and Johnson, India). B-tricalcium phosphate granules mixed
with APC was packed in the defect up to the level of the
surrounding bony walls (Figure 4). Mucoperiosteal flaps were
then approximated and sutured at their initial position using
3-0 silk. In the control sites, the same procedure was carried
out, but B-tricalcium phosphate granules were mixed with
normal sterile saline instead of APC, and the root surface was
not coated with APC. Recall appointments were made after
1, 3, 6, and 9 months post-surgery for clinical evaluation.
Post-operative patients’ evaluation was done clinically and
radiographically at 3, 6, and 9 months (Figure 5 and Figure 6).

Figure 5. Control site radiographic evaluation at baseline (a), three
months (b), six months (c) and 9 months (d).

Figure 3. SynOss mixed with autologous platelet concentrate and pa-
tients’ blood.

Figure 6. Test site radiographic evaluation at baseline (a), three months
Figure 4. Pre-suturing of the membrane and graft placed in the defect. (b), six months (c) and 9 months (d).
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Statistical analysis

All the clinical and radiographic parameters recorded were
transferred to Statistical Package for Social Sciences (SPSS Inc.,
Chicago, IL, USA), and subjected to the following statistical
analysis: the paired-t test was performed to compare intra-
group variation, Intergroup variation between the two
groups was compared by using a non-parametric, rank test
(Mann-Whitney U test). Confidence level was set to 95% and
p<0.05 was considered significant.

Results

Of the 14 patients who have completed the study, seven
were male and seven were female. The mean baseline Pl score
was 0.83+0.05 and 0.38%+0.17 at 9 months follow up which

Baseline 3 months 6 months 9 months

MEAN PI SCORE W= MEAN PBI SCORE

Figure 7. Changes in the mean plaque (Pl) and papillary bleeding index
(PBI) score over time.

3 MONTHS 6 MONTHS 9 MONTHS

EXPERIMENTAL A W= EXPERIMENTAL B

Figure 8. Comparison of the percentage of mean radiographic defect
resolution over time.

indicated a significant mean 54% reduction to 0.45+0.19
(p<0.001) (Figure 7). Also, the mean PBI score at baseline
(0.83%0.19) dropped down to 0.14+0.14 at 9 months which
shows significant 84% reduction (0.69+0.22) (p<0.001)
(Figure 8). The reduction in PPD between the baseline and
at 9 months was statistically significant in both experimental
site A and experimental site B (p<0.05). The CAL between
baseline and 9 months was statistically significant in both
groups (p<0.05). At 9 month time point, the difference in the
mean CAL gain (1.4 mm) was statistically significant (p<0.05)
(Table 1). After 9 months from baseline, the mean REC gain
was statistically significant in both groups (p<0.05). The mean
REC between the two groups at 6 months and 9 months was
0.86 mm and 1.06 mm respectively which was statistically
significant (p<0.05) (Table 1).

Both groups showed a statistically significant (P<0.001)
gain in bone defect fill compared to the baseline and 1, 3 and
9 months, with the maximum reduction recorded at the end
of the 9 month follow-up (Table 1). The mean defect fill was
statistically significant in both groups when the baseline was
compared to 1, 3 and 9 months, with the maximum defect
fill recorded at the 9 month interval (p<0.05 for each). Both
groups revealed gradual increase in the defect resolution
percentage from baseline to 1, 3 and 9 months. A comparison
between the two groups revealed a difference of 1.78+0.37%,
3.57+0.69% and 0.50+0.08% at 3 months, 6 months and 9
months respectively, but this was not statistically significant.

Discussion

Histologic evidence gathered from experimental studies
indicated that the application of growth factors such as PDGF
and IGF might be beneficial in the periodontal regenerative
therapy when applied in the short term (21,22). Less post-
operative membrane exposures and higher rate of bone
apposition have been reported following the use of PRP, 3-TCP
and GTR up to 6 months although no difference was found at
12 months (23). However, the treatment of bone defects with
[ -TCP, B-TCP + PRP and B-TCP + GTR did not show significant
differences among 3 groups (24).

The present study evaluated the effects of growth factors
on GTR, by delivering an increased concentration of growth
factors directly to the defect site along with the benefit of the
barrier action of the collagen membrane and scaffold effect of
the B-TCP bone graft. In this study, the platelet density in the
resulting APC preparation was higher (573.27%) than the one
obtained by Landesberg (18) (205.7%) and Marx (25) (338%).
This difference could be due to variations in the preparation

Table 1. Presentation of the mean and standard deviations of the study variables stratified by the time point parameter (PPD: pocket probing

depth,CAL clinical attachment level, REC: recession coverage,BD: bone defect fill ACC: alveolar crest change, RED: radiographic extent of bony
defect).

Experimental Site A

Experimental site B

PPD CAL REC BD ACC RED PPD CAL REC BD ACC RED
Base line 8.07£1.53 9.40+1.80 1.60£1.18 11.59+3.56 4.12+2.34 7.47+3.71 7.73%139 8.60+2.03 0.87+1.13 9.57+2.51 3.58+1.44 5.99+2.07
3 Months 3.93£1.28 5.53+1.41 1.60£1.12 8.06+291 4.39+295 3.68+3.11 4.33+090 5.53£1.51 1.20+1.21 6.75£3.06 3.98+1.86 2.77+1.98
6 Months 3.27+0.96 4.47+1.46 1.20£1.08 6.76+2.78 4.56+£2.92 2.20+2.48 3.40+1.18 4.73£1.83 1.33+1.40 5.99+2.99 4.26+2.28 1.73+1.96
9 Months 2.87+0.83 3.93+1.33 1.07£1.03 537+2.27 4.09+298 1.28+1.17 3.13+1.19 4.53+2 140+ 140 542+290 3.94+2.10 1.48+2
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steps such as force or time. Before being applied to the test
defect, 10% calcium chloride solution in 6:1 ratio was used
to activate the platelet concentrate. This ratio is the minimal
amount of CaCl2 to neutralize the citrate and induces the
platelet concentrate clotting. In contrast to Marx et al.(18),
no xenogenous material such as bovine thrombin was added
in order to prevent possible infection or contamination. To
accelerate the coagulation process, some drops of collected
venous blood were added to the B-TCP before mixing it with
APC, which is consistent with the work of Appel et al.(26).

Post-operative membrane exposure rate in the control
sites of the present study was 13.33% and no membrane
exposure was found at the test sites. Growth factors included
in the APC might have therefore positively affected the soft
tissue closure in test sites. Consistently, PDGF released from
platelet’s’ a-granules has been reported to show mitogenic
and chemotactic effects on fibroblasts and proliferative
effects on endothelial cells (27).

Both test and control groups showed significant reduction
in PPD and higher CAL gain after 3, 6, and 9 months compared
to baseline values.The PPD reduction and CAL gain was higher
in sites treated with APC at 3, 6 and 9 months than those
without APC. However, no significant difference was found
between the two, although the test site had significantly
gained more CAL at 9 months compared to the control site.

All the sites, except for the two in the control group, showed
> 3 mm of CAL gain in both groups at the end of 9 months.
Around 53.3% of the control and all of the test sites showed
CAL gain of = 4 mm at the end of 9 months. Previous studies
in which only the membranes were used, CAL gain of at least
4 mm was found in 51.6%, 38.7%, and 69% of cases (28,29).
The lower CAL gain found in the present one could be due its
longer duration.

The defect fill variable showed an acceptable outcome. In
the test site, the mean defect fill was 30%, 42% and 54% at
3 months, 6 months and 9 months respectively, which was
highly significant when compared to baseline values. These
findings were consistent with others (30). A similar pattern
was observed in the control sites with a mean defect fill of
29%, 37% and 43% at 3 months, 6 months and 9 months
respectively. This was also significant when compared to
the baseline which is line with previous research (31). The
difference between the means of two groups, however, was
not significant.

Following periodontal surgery, remodeling of the alveolar
bone leads to crestal resorption. In the present study, the
APC sites showed supracrestal bone formation as compared
to the site where APC was not used. However, the results
were not statistically significant. In this variable, our findings
were not consistent with previous studies where there was
no supracrestal bone formation (32). The results obtained in
this study with regards to the gain in alveolar crest height
at the end of 9 months could be due to the stickiness of the
APC gel as well as the small (300-600p) particle size of ss-TCP
granules. However, the surgical technique used in this study
(i.e. pre-suturing of membrane before placement of ss-TCP),
could be another reason by preventing the dislodgment of
the bone graft due to fresh bleeding because of suturing.

CAL gain found in the present study acted together with
significant bone gain in the defects in both groups. The
imaging study showed substantial changes in the hard

tissue changes compared to those reported in previous
research (33,34). However, this finding should be considered
cautiously because of the radiopacity of the bone graft
granules. Increased bone turnover rate at 6 weeks after the
application of rh-PDGF has been shown previously (35). In
addition, positive effects of growth factor combinations, such
as IGF-I and PDGF-BB or TGF-1 and FGF, on the bone cells’
proliferation and activity have been reported in vitro (36).

Conclusion

At 9 months, the PPD reduced and CAL gain increased in
both groups. However, the test sites’ CAL gain was higher. REC
was also more pronounced in the test groups. Both groups
showed considerable defect fill rates but no significant
difference was observed between them. In addition,
although not significant, APC sites showed supracrestal bone
formation compared to those without APC. The pre-suturing
of the membrane and the use of APC improved the handling
properties of B-TCP. APC could have been prepared without
the use of bovine thrombin, although it would have taken
slightly longer to form a sticky gel and release growth factors.
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Tiirkge 6z: Otojen trombosit konsantrasyonlarinin kemik i¢i defektlerin
iyilesmesi lizerine etkisi: randomize kontrollii calisma. Amag: Bu ¢alisma,
otojen trombosit konsantrasyonlarinin f-trikalsiyum fosfat (B-TCP) ile
doldurulmus ve kollajen membran ile 6rtiilmiis kemik ici defektlerin
klinik ve radyografik olarak iyilesmesini incelemeyi amaglamaktadir.
Gere¢ ve ydntem: Bu calisma sistemik olarak saglikli 14 bireyin 30
defektiniicermektedir. Her birinin, en az iki derin kemik igi, interproksimal
periodontal defekti bulunmaktadir. Minimum sondalanabilir cep
derinligi (SCD) 6 mmdir. Klinik ve gériintli muayenelerinin her biri
baslangic ve cerrahi sonrasi 3., 6. ve 9. aylarda yapilmistir. Sonug: Hem
test hem de kontrol grubu baslangi¢ seviyesi ile karsilastirildiginda
tliim sonuglarda anlamli bir azalma gdstermistir. Her iki grupta da
SCD’nin her muayene zamanindaki ortalama azalisi anlamli bir farklilik
gOstermemistir. Ayni gruplarin ortalama klinik atasman kazanclari
anlamli farklihk gostermistir (p<0.05). 3. ayda ortalama diseti cekilmesi
kapanmasi anlamli degildir. Fakat, her iki grubun 6. ve 9. aylardaki
ortalama diseti ¢ekilmesi kapanma miktari anlamlidir (p<0.05 her
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ikisi igin). Tartisma: OTK ile tedavi edilmis bélgeler edilmemis bélgelere
oranla 9. ayin sonunda daha fazla klinik atasman kazanci ve diseti
cekilmesi kapanmasi gdstermeye egilimlidir. Anahtar kelimeler: Kemik
ici defekt; trombositten zengin plazma; B-trikalsiyum fosfat.
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In vitro antimicrobial activity of different electrochemically-

activated solutions on enterococcus faecalis

Purpose

The aim of this in vitro study was to assess and compare the antimicrobial efficacy
of different electrochemically-activated solutions (ECA) and contemporary
irrigants, in root canals infected with Enterococcus faecalis, used with or without
EndoActivator (EA).

Materials and methods

A hundred single-rooted human teeth were prepared. Ninety of the root
segments were infected with E. faecalis for four weeks, and divided into eight
test groups (n = 10) (four with and four without EA sonication) and a positive
control (n = 10). The irrigants tested were electrochemically-activated solutions
produced by the Medilox® (ECA-MX) and Envirolyte® devices (ECA-EN), 2%
CHX and 2.5% NaOCl. The root specimens were irrigated with 5 mL of the test
solution, with additional sonic agitation applied to the EA groups. The dentine
samples that were obtained from the walls were cultured, and the antibacterial
efficacy was evaluated by counting the colony-forming units.

Results

The ECA-EN, 2.5% NaOCl and 2% CHX were more effective than the ECA-MX (p <
0.05) with the addition of EA sonication, showing no statistical difference in the
elimination of E. faecalis.

Conclusion
The ECA-EN shows potential as an endodontic irrigant, while EA usage gives no
benefit in reducing bacteria from root canals.

Keywords: Electrochemically-activated solution; EndoActivator; endodontics;
Enterococcus faecalis; root canal irrigants

Introduction

Microorganisms and their products play substantial roles in pulpal and
periapical diseases (1,2). Therefore, bacterial elimination in the root canal
systemisthe primary measure to prevent major periapical diseases, like apical
periodontitis (3). This can be achieved by chemo-mechanical preparation,
including root canal irrigation and inter-appointment medication (3).
Ideally, effective endodontic irrigants should exhibit antimicrobial activity,
and an absence of toxicity toward the periapical tissues (4).

Sodium hypochlorite (NaOCl) has been widely used as aroot canalirrigant,
due to its strong antimicrobial properties and tissue dissolving ability (4).
Other advantages of NaOCl include its low price, easy accessibility and long
shelf life (5). However, the cytotoxicity of NaOCl when it comes in contact
with periapical or oral mucosal tissues is an undesirable characteristic
(6). Chlorhexidine gluconate (CHX) has also been suggested as both an
irrigant and intracanal medicament (7,8). CHX exhibits broad spectrum
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antimicrobial activity, as well as substantivity, but lacks tissue
dissolving capacities in the root canals (9).

Electro-chemically activated solutions (ECA), denominated
super oxidized water, are electrochemically processed aqueous
solutions generated from tap water, using low concentration
salt solutions. Their usage in endodontic therapy has been
investigated in several studies, which evaluated the ECA
solutions with regard to their antibacterial activity (10,11),
tissue dissolving capacity (12), ability to debride root canals
and smear layer removal (6,13). Recently, Medilox® (SOOSAN
E&C CO. LTD., Seoul, Korea) and Envirolyte® (Envirolyte
Industries International Ltd., Tallinn, Estonia) electrolysis
devices have been introduced in medicine to manufacture
ECA solutions endowed with a disinfecting capacity. The ECA
solution produced by the Medilox® device (ECA-MX) contains
about 50-80 ppm of hypochlorous acid (HOCI), with a pH of 5.0-
6.5 and an oxidation-reduction potential (ORP) of 800-1000 myv,
according to its manufacturer. The ECA solution generated by
the Envirolyte® device (ECA-EN) has a greater concentration of
HOCI (500-700 ppm), with a pH range of 7.0-7.5 and an ORP of
700-900 myv, according to its manufacturer. To date, no studies
have compared the antimicrobial effects of different ECA
solutions as root canal irrigants, other than the present study.

Attempts at the complete elimination of bacteria from
the root canal system have resulted in the usage of adjunct
devices to improve irrigation efficiency. One recent system,
the EndoActivator (EA) (Dentsply/Tulsa Dental Specialties,
Tulsa, OK), has received substantial attention because of its
proposed properties. The EA is a cordless, battery-operated
hand piece with a sonic motor, and it has been designed to
enhance the cleaning efficacy of the irrigation of the root canal
system. The EA system uses non-dentine cutting polymer tips
in three different sizes (small/yellow, medium/red, large/blue)
and the sonic motor provides 3-speed options including
2.000, 6.000 and 10.000 cpm. The EA has been recommended
to activate EDTA and NaOCI solutions (14). For example,
Pasqualini et al. (15) revealed increased antibacterial activity
with the sonic activation of NaOCIl. Considering application
time, irrigant activation for 30 seconds during a 60-second
period of QMix application has been proposed to enhance
debris and smear layer removal potential of the EA (16).

The purposes of this study were to determine and compare
the ex vivo susceptibility of Enterococcus faecalis to 2.5% NaOCl|
(Caglayan Kimya, Turkey), 2% CHX (Drogsan, Turkey) and two
different ECA solutions (ECA-MX and ECA-EN), and to evaluate
whether the addition of EA to the standard irrigation protocol
results in a greater elimination of E. faecalis from the root canals.
The null hypothesis tested were: 1) there are no differences
among tested irrigant groups, and 2) EA sonic activation does
not improve antibacterial effectiveness of irrigation solutions.

Materials and methods
Root dentine specimen preparation

One-hundred single-rooted intact human teeth, extracted
for orthodontic or periodontal reasons, were used in this
study. They were stored in 1.3% NaOCI for <3 months to
disinfect the surface and to remove organic debris before use.
The calculus was removed with periodontal cretuars; then,
the crown was cut off and the root were shortened apically,

leaving a root segment with a length of 10 mm. The root
cementum was not removed.

The root canal instrumentation was performed by using
ProTaper files (Dentsply Maillefer, Ballaigues, Switzerland) to
size #F3, under irrigation of 1 mL of 2.5% NaOCI (Caglayan
Kimya, Turkey) between each file. The removal of the
smear layer was carried out in an ultrasonic bath (Bandelin
Sonorex, Berlin, Germany) with the sequential use of 17%
EDTA (pH 7.3) (Merck KGaA, Darmstadt, Germany) and 5.25%
NaOCl (Caglayan Kimya, Turkey), for 5 min each (17). The
root specimens were then placed in test tubes containing
phosphate buffered saline (PBS) (Sigma-Aldrich, Germany),
and autoclaved for 20 min at 121°C. Each sterile test specimen
was incubated in 2 mL of tryptic soy broth (bioMerieux,
France) for 24 hours at 37°C, to confirm the sterility.

Infection of root specimens

A clinical strain of E. faecalis organisms (A197A) was grown
on tryptic soy agar (TSA) (BioMerieux, France) for 24 hours, at
37°C (18). A 24-hour-old E. faecalis suspension was adjusted
spectrophotometrically to ODgqq = 0.6.

Ninety root segments were infected with the E. faecalis
strain for 4 weeks at 37°C. During the infection period, the
media was changed every second day. The purity of the
cultures was controlled once per week, based on the colony
morphology on the TSA plates and cellular characteristics.
Bacteria penetration into dentinal tubules was checked
using scanning electron microscope. Ten samples from the
negative control group were used to check the sterility, and
submerged in PBS before sampling.

Irrigation

The teeth were randomly divided into eight experimental
groups (n = 10) (four without the EndoActivator combination
and four with) and two control groups (n = 10). The four irrigants
tested were ECA-MX, ECA-EN, 2% CHX and 2.5% NaOClI.

Following the contamination period, the apical portions of the
root segments were sealed with ethanol sterilized sticky wax to
prevent flow of the solution, and then fixed on sterile glass petri
dishes. Each root canal in the experimental groups was treated
with 5 mL of each test solution, using a 27-gauge syringe. In the
EA groups, the test solutions were left in the root canal, and the
sonic activation was applied for 60 seconds, by inserting the red
25/04 polymer EA tip into the root canal at the highest speed
(10,000 cpm). The infected teeth that served as the positive
control were rinsed with 5 mL of PBS solution, while the sterilized
teeth of the negative control group were left untreated.

Sampling procedure

At the end of the irrigation period, the root canals were
immediately dried with sterile paper points, and stored in a
freezer for 1 hour at-27°C. The dentine samples were obtained
from the canal walls with Gates Glidden burs (# 3,4 and 5) under
aseptic conditions (Figure 1), and the burs never made contact
with the outer surfaces of the root segments while sampling.
The dentine chips obtained were transferred to glass vials
containing PBS/glass beads, and vortexed for 30 seconds (19).
The PBS with the re-suspended enterococci was then diluted
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a=0.9mm
b=1.1mm
c=1.3mm

Figure 1. Schematic view of sampling procedure.

to 10-fold. Then, 25 uL droplets from each of the four parallel
dilutions were inoculated on TSA plates, and incubated at 37°C
for 48 h. The visible colonies from the appropriate dilutions
yielding 5-50 colonies were counted, and the colony forming
unit (CFU) mL" was calculated and transformed to logy,.

Scanning electron microscopy (SEM)

One extra sample from each test and positive control
group was incubated with E. faecalis and treated as described

above, to illustrate the colonization of the bacteria, and show
the efficiency of the disinfection methods with the SEM. The
samples were fixed in a 2.5% glutaraldehyde solution, and
then evaluated (EVO LS10, Zeiss, Oberkochen, Germany). The
SEM micrographs were taken from representative areas at
various magnifications (x2000 and x15000).

Statistical analysis

The data was analysed by using the SPSS (IBM Corp. Released
2010. IBM SPSS Statistics for Windows, Version 19.0. Armonk,
NY: IBM Corp, USA). The statistical analyses were performed on
logqo converted data. The data were nonparametric, because
of the absence of normal distribution; therefore, the Kruskal-
Wallis test and Mann-Whitney test were used to compare the
different groups, with the significance level at p< 0.05.

Results

The E. faecalis growth after sampling on the TSA plates and
the CFUs are listed in Table 1. All of the specimens in the positive
control group showed the presence of growth (Figure 2a) in
the agar plates, whereas all of the negative control specimens
remained free of growth. The ECA-EN, 2.5% NaOCI and 2%

Table 1. E. faecalis growth after sampling and mean values and standard deviations (SD) of colony-forming units (CFU).

Groups (n=10) CFUnegive pr (means D)
ECA-MX 0 10 3.75+0.65
ECA-EN 10 0 0+0
2% CHX 8 2 0.47 £0.95
2.5% NaOCl 10 0 0+0
ECA-MX+EA 1 9 3.27+£0.17
ECA-EN+EA 10 0 0+0
2% CHX+EA 9 1 0.35+0.70
2.5% NaOCI+EA 10 0 0+0
Co-p 0 10 4.34 £ 0.25
Co-n 10 0 0x0

Co-p: Positive control, Co-n: Negative control

Signal A = SE1
WD = 8.0mm

EHT = 20.00 kv

Mag= 15.00KX
| Probe = 50 pA

200 nm*
H

ey

EHT = 20.00 kV
WD = 8.0mm

Signal A = SE1 Mag= 200KX

| Probe = 20 pA @

Figure 2. (a) Scanning electron micrograph showing colonization of the root canal walls by E. faecalis A197A after a four-week infection period
(original magnification, x15.000). (b) Scanning electron micrograph showing open dentinal tubules without enterococcus species.
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Table 2. Statistical comparison between test group pairs in an
extracted tooth model

Test groups Significance
A B (p value)
ECA-MX ECA-EN 0.000*
ECA-MX 2% CHX 0.000*
ECA-MX 2.5% NaOCl 0.000*
ECA-EN 2% CHX 0.436
ECA-EN 2.5% NaOCl 1.000
2% CHX 2.5% NaOCl 0.436
ECA-MX ECA-MX+EA 0.077
ECA-EN ECA-EN+EA 1.000
2% CHX 2% CHX+EA 0.863
2.5% NaOCl 2.5% NaOCI+EA 1.000

*Significant at 0.05 level (p<0.05)

CHX showed stronger bactericidal effects, and there were no
statistically significant differences among these groups (p >
0.05) (Table 2). Both the ECA-EN (Figure 2b) and 2.5% NaOCI
groups, and their EA combinations, completely eliminated
the E. faecalis. Moreover, the statistical analyses indicated
significantly lower bacterial reduction (p<0.05) in the ECA-
MX group, when compared with the other tested irrigation
solutions. Overall, there was no significant difference between
the irrigant groups and irrigant groups combined with the EA.

Discussion

The findings of this study revealed that ECA-EN, NaOCl and
CHX showed better antibacterial activity against E. faecalis
than ECA-MX. Therefore, our first hypothesis was rejected. The
secondary result of the present study showed no significant
difference between irrigant groups and irrigant + EA groups.
Consequently, our second hypothesis was accepted.

The infected tooth model used in this study was a
modification of the one previously described by Haapasalo
and Qrstavik (20), and this method has the advantage of
simulating clinical conditions. However, variables such as root
canal morphology, density of dentine, degree of calcification
in dentine, content of dentinal tubules and amount of dentine
chip samples are difficult to standardize in this dentine
block model (21). The dentine block model appears to be
more appropriate for this study since dentine and dentine
components inhibit the antimicrobial activity of various root
canal medicaments (22). In the present study, the root canals
were contaminated with E. faecalis for 4 weeks. E. faecalis
is a facultative bacteria frequently isolated in endodontic
infections, especially in retreated cases (23). Its resistance
to antimicrobial agents and ability to invade the dentinal
tubules are possible reasons for the presence of E. faecalis in
the microflora of persistent apical periodontitis (20). In order
to provide sufficient time for the E. faecalis to penetrate into
the dentinal tubules, a 28-day infection period was selected
(20). The eradication of this bacterium from the root canals is
important; therefore, strong antibacterial agents and effective

methods are required for the killing of enterococci in infected
root canals and dentine.

Neutralization of the irrigant to decrease possible
substantive effects was not performed due to the absence
of standard deactivating agent proper for all endodontic
irrigants used. Also, neutralizing step does not take partin the
clinical use of irrigants. Additionally, some of the components
in neutralizing agents may possess antibacterial action on the
biofilms therefore may lead to deceptive results (24). Dentine
powder analysis was immediately carried out subsequent to
irrigation under same experimental conditions to eliminate
prolonged contact time of irrigation solutions (25).

In the present study, various ECA solutions demonstrated
different effects on E. faecalis. The results suggest that ECA-
EN, when used alone or combined with EA, has greater
antibacterial activity (100% bacterial reduction) against E.
faecalis than ECA-MX. Different ECA solutions can be produced
by a similar electrolysis process, but the product can have a
different antimicrobial activity due to the differences in the
ORP values and the pH of the solutions (26). These two ECA
solutions had similar ORP values, while the ECA-EN had a
neutral pH, and the ECA-MX was slightly more acidic. It has
been proposed that the neutral pH of the ECA solutions might
be responsible for the longer shelf-life and perpetuation of
the microbicidal activity (27). Therefore, the more potent
bacterial reduction observed in the ECA-EN group could be
explained by the neutral pH of this solution.

The main biocidal reagents in ECA solutions are chlorine
related substances, such as chlorine (Cl,), hypochlorous acid
ions (CIO") and hypochlorous acid (HCIO"). The active component
of ECA solutions is predominantly HOCI, which is known to be
biocompatible and antimicrobial against a broad spectrum of
microorganisms (28). Therefore, when comparing ECA solutions,
it is necessary to take into account the difference in the HOCI
concentration. ECA-EN has an approximately ten times higher
concentration of HOCI than ECA-MX, which might be another
explanation for the strong antimicrobial activity of ECA-EN.

The basic materials in ECA solutions are purified water and
a small quantity of sodium chloride (NaCl). Unlike ECA-EN, the
ECA-MX is generated at the point of use by passing Annexol
solution over the electrodes, instead of NaCl. Annexol, which
contains hydrochloric acid (HCI), NaCl and water, provides
stability to the solution, according to the manufacturer.
Although the manufacturer alleges improved antibacterial
efficacy by means of Annexol, it appears that the Annexol had
no substantial effect on the antimicrobial properties of the
ECA-MX. On the other hand, the use of either NaCl or Annexol
in the electrochemical procedure is not the only difference
between the two ECA solutions. The HOCI concentration may
influence the antimicrobial capacity more than the input
material used in the electrolytic process.

NaOCl has extensive uses in endodontic treatment,
but its potential toxicity on vital tissue has led to further
investigations for alternative irrigants. One of the known
advantages of the ECA solution is its non-toxicity when in
contact with vital biological tissues (29). A novel ECA solution
(Aquatine EC; Sterilox, PuriCore, Malvern, PA, USA) has been
proposed as a highly biocompatible irrigating solution that
permits the pulp stem cells to survive and attach to the root
canal dentine, in regenerative endodontic therapy (30). Gomi
et al. (31) reported that ECA solutions had mild cytotoxicity
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on pulp cells when compared to NaOCI. In addition, Gonzales-
Espinoza et al. (32) revealed that a pH neutral super-oxidized
solution is less cytotoxic than antiseptic hydrogen peroxide
concentrations. ECA-EN could have major advantages over
NaOCl with regard to biocompatibility, and further studies are
required to evaluate its cytotoxic effects.

Based on the results of the present study, ECA-EN is equally
as effective as NaOCI, because both the ECA-EN and 2.5%
NaOClI killed 100% of the bacteria in the root canal dentine.
Our results corroborate the findings of previous studies that
demonstrated the comparable antimicrobial activity of ECA
solutions with NaOCI (31,33). In contrast, the findings of
the present study are not in accordance with the findings of
Marais & Williams (11), who showed no antibacterial activity
with ECA solutions having pHs of 7.0 and 9.0, whereas the
ORP levels and HOCI concentrations, which are considered
to be important parameters for antimicrobial action, were
not reported in that research. One recent study showed that
although super oxidized water has the ability to prevent the
growth of E. faecalis, NaOCl exhibited better antimicrobial
action (34). The differences amongst the results of these studies
and the present study could be attributed to the differences in
the chemical properties of the ECA solutions used.

Hypochlorous acid (HOCI) and hypochlorite (OCI) are
chlorine by-products, and in chlorine containing aqueous
solutions, hypochlorous acid is the predominant form below
a pH of 7.6; above this value, the predominantly active form is
hypochlorite (35). The sodium hypochlorite solution that was
used in the present study had a pH of 11-12; thus, the entire
available chlorine content was in the form of hypochlorite.
However, the germicidal activity of hypochlorous acid is
superior to that of hypochlorite (36). ECA-EN has been
confirmed to have good antimicrobial properties through the
prepotency of hypochlorous acid, and based on the results of
this study, it may be an attractive alternative to NaOCI.

Chlorhexidine (CHX) is a potent broad-spectrum
antimicrobial agent that has substantive characteristics (9);
therefore, it has been suggested for a final irrigation due to its
residual antimicrobial activity (4). In addition, CHX has been
found to be more effective against gram-positive bacteria
than gram-negative bacteria (4). CHX effectively killed E.
faecalis in the present study, which is in accordance with
previous studies showing that CHX is an effective antibacterial
agent (9,37). In the CHX with EA combination group, only
one sample resulted in positive cultures on the plates, and
in the CHX group, two samples showed E. faecalis growth on
the agar plates. In a recent extracted tooth and membrane
biofilm study, NaOCl, CHX and super oxidized water were
investigated with regard to their antibacterial activities.
The NaOCl was shown to be the most effective endodontic
irrigant, while the 2% CHX and super oxidized water could
not provide adequate disinfection (38). However, no other
published study has compared the ECA solutions and CHX
under the same experimental conditions as the present study.

The findings of the present study did not reveal a significant
difference between the intracanal microbial reduction
obtained by standard irrigation alone, and the reduction
obtained with standard irrigation and EA sonication. This
is consistent with the results of a recent in vivo study that
evaluated the effects of EA on bacterial elimination (39) and
the report of Ordinola-Zapata et al. (40) who showed that

biofilm removal with EA was similar to conventional needle
irrigation. This also corroborates the findings of an in vitro
study which indicated that the sonic activation of EDTA and
NaOCI with EA after chemomechanical preparation did not
lead to better antibacterial activity (41). However, it was not
the same as the results of Bago et al. (42), who reported that
EA usage with NaOCI provides better antimicrobial activity
when compared with NaOClI irrigation alone. This could be
attributed to the differences in the infection period, since they
used 7 days instead 28 days, which we used in the present
study, and bacteria in young biofilms are more susceptible
to endodontic irrigants than bacteria in old biofilms (43). Our
results are also contradictory to the results of Shen et al. (44),
who stated that sonic agitation improves the effectiveness
of chlorhexidine. The previous study used an in vitro biofilm
model on sterile hydroxyapatite discs, so the methodological
differences may also be responsible for the different results.
In another invitro study, sonic and ultrasonic activation were
found to provide superior penetration of sodium hypochlorite
at the apical third of the root, compared to traditional
needle irrigation alone (45). When comparing these results,
it should be considered that the apical 3 mm part of the
roots was removed in the present study, in order to prevent
deterioration of the results due to anatomical variations, and
EA may show its real contribution to the conventional chemo-
mechanical preparation on the apical region of the roots. The
mechanism of action for EA involves acoustic microstreaming
inside of the root canal system, and EA has been proposed
to produce cavitation bubbles. A recent study evaluating
the cleaning mechanisms of sonic and ultrasonic activated
irrigation showed that cavitation was not found during
sonic agitation, unlike the cavitation shown to arise during
ultrasonic activation (46). One reason for the inefficiency of
EA might be the non-occurrence of cavitation. Further ex vivo
and in vivo studies evaluating the contemporary irrigants,
together with extended EA sonication times, are needed.

Conclusion

ECA-EN can be considered to be as effective as 2.5% NaOCI
in the elimination of E. faecalis. The addition of EA to standard
irrigation was not effective in the further reduction of viable
bacteria that resides within the root canal system. The use
of ECA-EN could be recommended for endodontic irrigation
procedures since it showed good antibacterial activity and
ECA-EN may be a promising alternative to the relatively more
cytotoxic NaOCl.
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Tiirkce 6z: Farkli elektrokimyasal olarak aktive edilmis soltisyonlarin
Enterococcus faecalise karsi in vitro antimikrobiyal etkinligi. Amag:
Bu in vitro ¢alismanin amaci, EndoActivator (EA) ilavesiyle ya da
yalniz basina kullanilan farkl elektrokimyasal olarak aktive edilmis
soliisyonlar ve geleneksel yikama sollisyonlarinin, Enterococcus faecalis
ile enfekte edilmis kok kanallan tzerindeki antimikrobiyal etkinligini
degerlendirmek ve karsilastirmaktir. Gereg ve yéntem: Bu ¢alisma icin
100 adet tek kéklii insan disi hazirlandi. Doksan adet kék segmenti E.
facealis ile 4 hafta boyunca enfekte edildi ve bir pozitif kontrol grubu
(n=10) ve 8 deney grubuna ayrildi (n=10) (4 gruba ilave EA aktivasyonu
uygulandi). Test edilen irrigasyon soliisyonlar;; Medilox® cihazindan
(ECA-MX) ve Envirolyte® cihazindan (ECA-EN) elde edilen elektrokimyasal
olarak aktive edilmis soliisyonlar, %2'lik CHX ve %2.5'luk NaOCldir.
K6k érnekleri 5ml deney soliisyonuyla yikandi, EA gruplarinda ilave
olarak sonik ajitasyon uygulandi. K6k kanal duvarlarindan elde edilen
dentin drneklerinin kiltiirii yapild, koloni olusturan birimler sayilarak
antibakteriyel etkinlik degerlendirildi. Bulgular: ECA-EN, %2.5'luk
NaOCl ve %2'lik CHX, E. faecalis'in eliminasyonunda ECA-MX'ten daha
etkili bulundu (p < 0.05). ilave EA sonik aktivasyonu istatistiksel olarak
anlamli antibakteriyel etkinlik géstermedi.Sonug: ECA-EN, endodontik
irrigasyon sollisyonu olarak potansiyel tasirken EA kullanimi kok
kanallarindan bakteriyi azaltmada ekstra fayda saglamamistir. Anahtar
kelimeler: Elektrokimyasal olarak aktive edilmis soliisyon; EndoActivator;
Enterococcus faecalis; k6k kanal yikama soltisyonlari; endodonti
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