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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

A-lll
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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”.
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This section is mandatory to be filled out.
Any financial or personal activities (royalties,
grants, consultancy fee, patent registration,
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Comparative evaluation of apical sealing ability of different root
canal sealers

Eur Oral Res 2018; 52(3): 117-21

Purpose Halenur Altan’
The aim of this study was to compare the short and long term apical sealing ability alenu tan,,
of different root canal sealers. Zeynep Gozta §2,
Materials and methods Gulsim incizl
Fifty-five extracted human anterior single-root teeth were used. The coronal part . 3

of each tooth was removed and the root canals were prepared with NiTi rotary Gilil Tosun

instruments. Teeth were divided into 5 study groups; Group |: MTA Fillapex (Angelus,
Brazil); Group II: Sealapex (Sybron-Kerr, Romulus, MI, USA) and Group Ill: AH Plus
(Dentsply, Konstanz, Germany) (n=15) and negative and positive control groups
(n=5). The quality of root canal sealing was assessed by a fluid filtration method
performed at 24 h and 180-day time intervals. Kruskal Wallis and Mann Whitney U
tests were used to compare the groups.

Results

At 24 h evaluation, MTA Fillapex presented significantly less microleakage than the
Sealapex and AH Plus (p<0.05). At long term interval (180-day), Sealapex and AH
Plus presented significantly less microleakage than the MTA Fillapex (p<0.05).

Conclusion
Sealapex and AH Plus showed significantly better sealing abilities than MTA Fillapex
in the long term.

Keywords: MTA fillapex; AH plus; Sealapex; microleakage; fluid filtration method

Introduction

The predictable outcomes of endodontic treatment rely on mechan-
ical instrumentation and cleaning of the root canal system, elimination
of the microorganisms and organic debris, as well as filling the entire
root canal (1). It is commonly accepted that microleakage between the
root canal walls and root canal filling might adversely affect the out-
come of the endodontic treatment (2). Consequently, sealing the entire
root canal system after cleaning and shaping is of utmost importance
to prevent oral pathogens from colonizing and re-infecting the root and
periapical tissues (3).

In endodontic treatment, sealers are principally used to fill the irreg-
ularities of the root canal system, to provide lubricating or to attach the
gutta-percha to the root canal walls (1). Endodontic sealers should meet
some requirements, such as biocompatibility, dimensional stability, insol-
ubility in oral fluids, radiopacity, ease of application, antibacterial proper-
ties, adaptability to the root canal walls, as well as the ability to produce a
hermetic seal (4). However, none of the sealers currently available have all
characteristics of the ideal sealer (5-7).
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Based on the superior biocompatibility and high alkaline
activity of mineral trioxide aggregate (MTA), root canal sealers
were manufactured (8-10). An MTA-based root canal sealer,
MTA Fillapex (Angelus, Londrina, Brazil), has been introduced
and is composed of synthetic Portland cement, which are dark
gray nodular materials (11). According to the manufacturer’s
description, MTA Fillapex exhibited high radiopacity, slow set-
ting time, sufficient working time, perfect flow to allow the
filling of accessory canals, low solubility, effortless removal if
re-entry is required, and easy handling with small auto mixing
tips (11). MTA Fillapex was introduced in last years, but only a
limited number of studies have determined the microleakage
of this MTA-based sealer (12, 13). The present study was de-
signed to compare the short-term and long-term apical seal-
ing ability of MTA Fillapex using fluid filtration technique. The
null hypothesis of this study was that there is no difference
in apical sealing ability among the all tested sealers at short
term and long term intervals.

Materials and methods

Ethics committee approval was obtained in conjunction
with study approval by the Ethics Committee of Selcuk Uni-
versiy, Faculty of Dentistry (No: 2013/05, Date: 02.05.2013).

Canal preparation and obturation

Fifty-five single-root human anterior teeth were divided at
the cervical plane to get 15-mm long sequence of root. The
working length of each root was determined by a 15 K-file
(Kerr Corporation, Orange, CA, USA). The canal space was en-
larged with ProTaper system rotated at 250 rpm (Dentsply, Bal-
laigues, Siwtzerland) under a continuous 5% NaOCl irrigation.
The apical length was confirmed with a size 15 K-file manually
between each ProTaper instrument. Preparation of the apical
third portion was finished using Ni-Ti manual instruments
(Dentsply, Ballaigues, Siwtzerland) to a size 40 K-file. All sam-
ples were prepared to the same final apical size, and the same
operator handled both the preparation and filling steps. After
preparation was carried out, the root canals were irrigated
with 17% ethylenediaminetetraacetic acid (EDTA) for 1 min.
to eliminate the smear layer. After EDTA solution, 5% NaOCI
used for neutralization, afterward the canal was rinsed with
distilled water (5 mL) and dried with paper points.

Sealapex (Sybron-Kerr, Romulus, Ml, USA), AH Plus (Dentsp-
ly, Konstanz, Germany), and MTA Fillapex were applied ac-
cording to the manufacturers’ instructions and located into
the root canals with a Lentulo (Dentsply Maillefer, Ballaigues,
Switzerland) (n=15). The composition of tested root canal
sealers are listed in Table 1.

Gutta-percha points (Dia Dent, Cheongju-si, Korea) were
placed at the working length (15 mm), and root canals were
filled using the cold lateral compaction technique. Thereaf-
ter, excess material was removed using a heated instrument
1 mm below access opening. Five samples filled with only
gutta-percha and not coated with nail varnish were used as
positive controls, and five other samples filled with only gut-
ta-percha and apical end completely covered with two coat
nail varnish as negative controls. After the obturation proce-

dures, the filled samples were stored at 37°C and 100% hu-
midity for 24 hours to allow setting of the sealer.

Assesment of microleakage

Nail varnish was used to block the transition of fluid across
the dentinal tubules and provide that any liquid flow measured
was caused by flow along the interface between the root canal
walls and sealer. The outer surface of roots was double coated
using nail varnish except at the end of the root. Twenty-four
hours after the root canal filling procedures completed, the
teeth were subjected to the first fluid flow measurements. For
long term evaluation, the teeth were stored in distilled water for
six months at 37°C. After this artificial aging, fluid filtration mea-
surement was carried out in a similar way, as identified above.

Fluid filtration technique

The method for measuring the fluid transition through the
root canal as a demonstration of apical microleakage has been
previously described (14). For microleakage measurements a
fluid flowmeter was used (Figure 1). A segment of 18-gauge
stainless-steel tubing was attached through the space in a Plexi-
glas block 2.1 x 2.1 x 0.6 cm in size and sealed to the Plexiglas
with cyanoacrylate adhesive (Pattex, Henkel Gmbh, Dusseldorf,
Germany). The diameter of the 18-gauge tubing enabled it to
be directly connected to the root canal orifices.

With this method, the whole root canal filling and dentin in-
terface is kept under pressure. The coronal part of each root was
bonded to the other side of the Plexiglas block using cyanoac-
rylate adhesive. Each pattern was then connected to the fluid
filtration system with polyethylene tubing (Fisher Scientific, Chi-
cago, IL, USA). A ceiling-suspended deionized water syringe pro-
vided the hydrostatic pressure of 70 cm H,O (6.895 kPa) through
a 25-uL micropipette to the coronal part of the root canal (15).
The linear movement of a 1.0 mm air bubble in the micropipette
was measured in mm with an endodontic ruler graduated in 0.5
mm increments. A Gilmont microsyringe (Gilmont Instruments,
Barrington, IL, USA) was used to location the air bubble in the
hydraulic system (Figure 2). After procedure stabilization, the
fluid transition rate of each root canal was measured for 4 min
(measurement time) and repeated three times in consecution
(total 12 min). The fluid flow rate was measured at 24 h and 180
days following root canal obturation. Between measurements,
the samples remained fixed to the Plexiglas block and were
kept in deionized water at 37°C. To avoid any contamination of
the coronal part of root canal by remnants of temporary filling
material, temporary filling was not used. Linear measurements
were converted to microliters per minute (uL min™).

Statistical analysis

The statistical analysis was performed using IBM Statistical
Package for the Social Sciences Statistics for Windows, (Version
20.0. IBM Corp.; Armonk, NY, USA). As the data did not meet
the assumptions of normal distribution, the Kruskal-Wallis test
and Mann Whitney-U tests were used for multiple and pairwise
comparisons, respectively. The confidence level set to 95% and
p values less than 0.05 were considered significant.
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Table 1. Composition of tested root canal materials

Materials

AH Plus® (Dentsply, Konstanz,
Germany)

Epoxide paste (paste A)
Amine paste (paste B)

Composition

Calcium tungstate, epoxy resins, silica, zirconium oxide, iron oxide
pigments 1-adamantane amine, N,N’-dibenzyl-5-oxanonandiamine-1,9,

TCD-Diamine, zirconium oxide, calcium tungstate, silica, silicone oil

Sealapex® (Sybron-Kerr, Romulus,
MI, USA)

Catalyst Base Isobutyl salicylate resin N-ethyltoluenesulfonamideresin
Bismuth trioxide Fumed silica (silicon dioxide) Zinc oxide Titanium

dioxide Calcium oxide pigment

MTA Fillapex® (Angelus, Londrina,
Brasil)

Figure 1. Fluid flowmeter used for microleakage measurements.

Results

Table 2 shows the apical leakage mean and standard de-
viations of the experimental and control groups over time.
For negative control group (completely coated with varnish),
measurable fluid flow was not observed within the detection
limits of the model after the 24 h measurements. The positive
control group, which filled with only gutta-percha, leaked sig-
nificantly under pressure. All materials allowed fluid to flow
throughout the sealer-root dentine interface at the short
term and long term intervals.

There were significant differences in fluid leakage amongst
the groups at the two time intervals (p<0.05). At first measure-
ment, MTA Fillapex presented less microleakage (0.040+0.014
pL min), statistically different than the Sealapex (0.058+0.01
pL minT) and AH Plus (0.06£0.026 pyL min) (p<0.05). No sta-
tistically significant difference in microleakage was observed
between Sealapex and AH Plus (Table 2).

After six months of storage, Sealapex (0.026+0.011 uL
min') and AH Plus (0.032+0.011 pyL min™) presented less
microleakage, statistically different than the MTA Fillapex
(0.039£0.102 pyL min™) (p<0.05). No statistically significant
difference in microleakage was observed between Sealapex
and AH Plus. Over time, no statistically significant difference
in microleakage was observed in MTA Fillapex, but signif-
icant decreases were observed in Sealapex and AH Plus
(p<0.05) (Table 2). The values were 0 uL/ min-' for negative
controls and extremely high 0.5 pL/ min™ for the positive
control.

Natural resin, Nanoparticulate silica, Salicylate resin, Resin Particles in
Diluting MTA, Bismuth oxide

Table 2. Apical leakage mean (ul/min), standard deviations (SD) and
means in 24h and 180 days

Groups 24 hours 180 days
(MeanzSD pL min') (Mean+SD pL min™)

MTA Fillapex 0.040+0.014* 0.039+0.102*

Sealapex 0.058+0.017°" 0.026+0.011°"

Ah Plus 0.060+0.026"" 0.032+0.011°"

Negative control 0.00¢ 0.00¢

Positive control 0.5¢ 0.54

MTA: mineral trioxide aggregate

Different letters indicate stastically significant differences between sealers,
significance level is p<0.05

Different number of * indicates stastically differences between periods,
significance level is p<0.05

Air Pressure

-
Fluid flow

=

Root Sample

Pressure Container

Microsyringe

Figure 2. Scheme of fluid filtration mechanism [adapted from Gandolf-
i&Prati].

Discussion

Achieving a hermetical seal by entirely filling the root ca-
nal space decreases the risk that microorganisms left in the
canal might come in contact with oral or periapical fluids (16,
17). Therefore, investigations on the sealing ability should
proceed until the ideal endodontic sealer is found. In present
study, the null hypothesis was rejected because MTA Fillapex
showed a significant leakage from Sealapex and AH plus both
at short term and long term intervals.

Sealapex is suggested as a root obturation material and in-
cludes calcium oxide which has the ability to induce hard tis-
sue formation at the apex following root canal obturation (8).
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Other sealer, the epoxy resin-based AH Plus, is well known for
its sufficient flow, long-term dimensional stability, and expan-
sive properties, and it is considered the gold standard of root
canal sealers (15, 18, 19). In the present study, no significant
difference was found between the apical leakage amounts of
the groups filled with AH Plus and Sealapex in short term and
long term intervals. Similarly, Xu et al. (20) reported no dif-
ference between the microleakage of Sealapex and AH Plus.
Similarly, Sagsen et al. (21) found no difference between the
apical leakages of AH Plus and Sealapex. In the other studies,
different results were presented about the microleakage of
AH Plus and Sealapex that were related with methodolgical
differences used (15, 22, 23).

The results of the present study revealed a negative correla-
tion between time and sealing ability of AH Plus / Sealapex.
The microleakage of all sealers had high values at 24 h, but at
180 days AH Plus and Sealapex had better sealing ability than
MTA Fillapex. Razavian et al. (24) compared apical microleak-
age of AH26 and MTA Fillapex, using a bacterial microleakage
evaluation system. It was reported that microleakage of Fill-
apex increased over time and that the material had a lower
sealing ability compared to AH26. S6nmez et al. (25) reported
that MTA Fillapex had lower sealing ability than AH Plus and
Pro Root MTA 7 days after obturation using dye penetration
test. Different from this study; Asawaworarit et al. (26) report-
ed that MTA Fillapex had more leakage than AH Plus at 7 days,
but at 4 weeks, MTA Fillapex showed a better sealing ability
than AH Plus. MTA Fillapex contains a high ratio salicylate res-
in, and which causes the long chemical reaction time (27). A
possible explanation for the microleakage in short and long
term may be related to extended setting time.

Sealing ability can be related to different factors such as mi-
cromechanic, bonding, chemical bonding (27). AH Plus and
Sealapex produce rigid and strong cross-linked polymer with
dentin collagens, in addition Sealapex hydration products
derivate calcium hydroxide (27). Findings of the present study
explain the similar ingredients in sealers have similar chemi-
cal bonding mechanism with dentinal wall.

Conclusion

Within the limitation of this study, MTA Fillapex showed the
higher sealing ability in 24 hours, and Sealapex and AH Plus
showed better sealing in long term. There is a correlation be-
tween sealing ability and time according to the contents of
the sealer.
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Tiirk¢e 6z: Farkli k6k kanal patlarinin apikal sizdirmazlik yetenedi-
nin karsilastirmali dederlendirmesi. Amag: Bu ¢alismanin amaci farkl
kék kanal patlarinin kisa dénem ve uzun dénem apikal mikrosizinti
ozelliginin karsilastinlmasidir. Gere¢ ve Yontem: Calismada 55 ¢ekilmis
tek koklii insan 6n disi kullanilmustir. Dislerin koronal kismi kesilmis, k6k
kanallan Ni-Ti doner aletler ile sekillendirilmistir. Disler Grup I: MTA Filla-
pex (Angelus, Brazil); Grup II: Sealapex (Sybron-Kerr, Romulus, M, USA),
Grup Ill: AH Plus (Dentsply, Konstanz, Germany) (n=15), negatif ve pozi-
tif kontrol grubu (n=>5) olmak lizere 5 gruba ayrnlmistir. K6k kanallarin
ortlictiliigiiniin kalitesini degerlendirmek icin 24 saat ve 180 glin aralikla
swvi filtrasyon testi yapilmistir. Gruplarin karsilastirilmasinda, Kruskall
Wallis ve Mann Whitney U testi kullanilmistir. Bulgular: Yirmi dért saat-
lik 6l¢timde, MTA Fillapex; Sealapex ve AH Plus’tan daha az mikrosizinti
sergilemistir (p<0,05). Uzun dénemde (180 gtin) Sealapex ve AH Plus,
MTA Fillapex'ten daha az mikrosizinti géstermistir (p<0,05). Sonug:
Sealpex ve AH Plus uzun dénemde MTA Fillapex'ten daha iyi 6rtlicii
ozellik sergilemistir. Anahtar kelimeler: MTA fillapex; AH plus; Sealapex;
mikrosizinti; sivi filtrasyon yéntemi.
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Effects of coloring procedures on shear bond strength

between resin cement and colored zirconia

Purpose

Debonding is expected as a frequent failure type in zirconia restorations. Therefore
the aim of the current study is to evaluate the shear bond strength between colored
zirconia and resin cement.

Materials and methods

There were 11 groups evaluated each containing 12 zirconia discs (15 mm x 12 mm
x 1.6 mm). Groups were colored with the colors A3, B1, C4, D2, and D4 of the VITA
classical shade scale. Coloring procedure was carried out for either 3 second or 60
seconds for the study groups and the control group was left untreated. Specimens
were then bonded to translucent resin cement having a thickness of 3 mm and width
of 3 mm. The shear bond strength of the samples was measured in a universal testing
machine with a crosshead speed of T mm per minute. Two-way analysis of variance
and Tukey’s HSD test were used for pairwise comparisons. Also paired t-test was used
for comparing groups with the same color but having different shading times.

Results

Any significant difference was not found between the shear bond strengths of
samples depending on whether color or shading times. Among the groups, B1 (60
seconds of coloring) had the highest bond strength (10.05 MPa), while A3 (60 seconds
of coloring) showed the lowest bond strength (6.72 MPa). However, these differences
were not statistically significant.

Conclusion
Coloring zirconia did not affect the shear bond strength between zirconia and resin
cement.

Keywords: Shear bond strength; ceramic; coloring; zirconia; resin cement

Introduction

Zirconia has a high fracture strength of more than 1000 MPa, fracture
resistance of higher than 2000 N, and fracture toughness of 9-10 MN/m>32
(1). In addition to these favorable mechanical properties, it is chemically
durable (2), biocompatible (3, 4), and displays esthetic advantages (5) over
metal-ceramic restorations. However, recent clinical trials have shown that
zirconia-based ceramic restorations’ decementation is a common failure.
Restoration’s cementation corresponds to restoration durability, and ce-
mentation is also an important factor for marginal fit and fracture strength
of restorations (6, 7). There are various cementation options for zirconia
framework restorations. Cementation of zirconia restorations with tradi-
tional luting cements (such as glass ionomer or zinc phosphate cements)
provides adequate clinical fixation, but adhesive cementation may be pre-
ferred for better retention and marginal adaptation (7-10). In addition, resin
cement shows higher compressive and tensile strength than other luting
agents, and allows color selection for more esthetic restorations (11, 12).
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Silica-based ceramics and resin cement show high bond
strength with the use of hydrofluoric acid and silanization
(13-15). Zirconia ceramics, however, exhibit high corrosion re-
sistance, which inhibits acid etching. This limits their potential
use with resin cements (16) and resin cementation of zirco-
nia remains as a challenging subject on which various stud-
ies have been carried out. Although zirconia frameworks are
more esthetic compared to metallic frameworks, their initial
opaque and whitish appearance is still a handicap. As a result
of this, colored zirconia frameworks were introduced to the
market to obtain a more natural color. The main advantage
of colored-zirconia ceramics is that they enable the selected
color to be reflected from the inner layers of the restoration
as in the dentin reflecting from inside of enamel (17). Zirco-
nia frameworks can be colored with several techniques. The
addition of metallic pigments to the initial zirconia powder
(before or after milling blocks are pressed), the dipping of
milled frameworks into the dissolved coloring agents, or the
application of liner material to sintered frameworks are some
of them (18).

There are few studies evaluating the effects of these col-
or-shading procedures on the structure of zirconia-based res-
torations and shear bond strengths between zirconia and ve-
neer ceramics. These studies has shown that the shear bond
strength between zirconia and veneer ceramics is affected
because coloring affects the structure of the zirconia frame-
work (19-21). The aim of the current study was to evaluate
the effects of different coloring liquids and different lengths
of dipping times on the shear bond strength (SBS) between
the zirconia framework and the resin cement. The null hy-
pothesis is that dipping zirconia in different coloring liquids
and for various dipping times does not affect the shear bond
strength between zirconia and resin cement and the failure
type is not affected from coloring.

Materials and methods
Specimen preparation

Zirconia blocks were partially stabilized with yttrium (ICE
Zirkon, Zirkonzahn, South Tyrol, Italy) were cut into discs by
means of a low-speed diamond saw (Struers Ltd., Lanarkshire,
United Kingdom). The sizes of 132 discs were 15 mm x 12
mm x 1.6 mm. The samples were divided into eleven groups
(n=12). Ten groups were colored with coloring liquids (Colour
liquid, Zirkonzahn Inc., Norcross, GA, USA), and one control
group was not colored. Five groups were colored with color-
ing liquids based on VITA shading (A3, B1, C4, D2, D4) for 3
seconds and five groups were colored with the same color-
ing liquids for 60 seconds by the aid of plastic holders. After
the coloring procedure of the samples, except for the control
group, they were dried under a warming lamp (Zirkonlampe
250, Zirkonzahn Inc., Norcross, GA, USA) for 45 minutes. Then
the samples were sintered in a sintering oven (Zirkonofen
600, Zirkonzahn Inc,, Norcross, GA, USA) according to the
manufacturer’s instructions.

After sintering, all samples were sandblasted with 50 um
aluminum oxide (ALO,) particles (10 mm distance, 20 sec-
onds duration, 3.5 atm pressure), in order to increase surface

roughness and enhance bond strength. Afterwards samples
were cleaned in an ultrasonic cleaner (Quantrex 90, L&R Ul-
trasonics, Kearny, NJ, USA) for 10 minutes, rinsed and dried
with air.

All samples were then treated with metal/zirconia primer
(Ivoclar-Vivadent, Schaan, Liechtenstein) for 180 seconds
prior to cement application. A PVC (polyvinyl chloride) ring
(R-3603, Saint-Gobain S.A., Courbevoie, France) with an inner
diameter of 3 mm and a height of 3 mm was positioned on
the zirconia surface. Resin cement (Multilink Automix, Ivoclar
Vivadent AG, Schaan, Liechtenstein) was mixed automatically
in the syringe according to the instructions of the manufac-
turer and then applied to each surface of the zirconia samples
by packing the inner cavity of the PVCring (Figure 1).

Thirty minutes after irradiation, the rings around the ce-
ment cylinders were removed using a surgical blade by ver-
tically cutting the ring into two or more fragments. Bonded
samples were then stored in distilled water at 37°C for 24
hours.

Shear bond strength test

The shear bond strengths (SBS) of the samples were mea-
sured at a speed of 1 mm per minute with a universal testing
machine (TSTM 02500, Elista Ltd., istanbul, Turkey) by an ex-
perienced observer (Figure 2). The accuracy of the load cell
used was +0.5%. Following the SBS test, fracture modes were
examined with an optical microscope (Olympus SZ4045 TRPT,
Olympus Life Sciences, Tokyo, Japan) at magnifications of 10x
and 20x, to determine types of failure. Potential fracture types
were classified as cohesive, adhesive, or combined (a catego-
ry which includes both cohesive and adhesive fractures).

Statistical analysis

Statistical analysis of the data was performed with Statis-
tical Package for Social Sciences (SPSS) statistical software
(SPSS PC, Vers.15.0; SPSS Inc.; Chicago, IL, USA). As all the vari-
ables were numerical and the distribution of the data met
the assumptions for normality, two-way analysis of variance
(ANOVA) was used to compare multiple groups having the
same shading times, followed by Tukey’s Honestly Significant
Difference (HSD) post-hoc test for pairwise comparisons. A
paired t-test was used for groups of the same color but differ-
ent shading times. Confidence interval was set to 95% and p
values less than 0.05 were considered significant.

Results

The SBS results of the samples, according to different color
shades and coloring times, are given in Table 1. The B1 group,
which was colored for 60 seconds, showed the highest SBS
value of 10.05 MPa. The A3 group, colored for 60 seconds,
showed the lowest SBS value of 6.72 MPa. The non-colored
control group showed the second-highest SBS value, at 9.35
MPa. However there was no significant difference between
groups. All fractures between the zirconia framework and the
resin cement were adhesive. Cohesive or combined fractures
were not observed.
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Table 1. Mean shear bond strengths of the groups with standard deviations

Groups Mean (MPa) SD (%)
A3 (35s) 7.15 3.07
A3 (605s) 6.72 1.67
B1(35) 7.68 1.38
B1 (60 s) 10.05 4.26
C4(3s) 8.68 1.87
C4 (60s) 8.68 2.80
D2(3s) 8.51 342
D2 (60 s) 8.14 1.64
D4(3s) 8.05 2.40
D4 (60 s) 8.49 2.73
Control 9.34 261

Min (MPa) Max (MPa)
433 15.89
5.67 10.48
5.09 10.45
5.87 21.14
6.70 12.55
6.42 14.79
5.49 16.71
6.68 12.55
545 12.54
6.42 15.21
6.51 15.92

MPa: megapascal; SD: standard deviations

Figure 1. A test sample with 3 mm thick resin layer before being subject-
ed to shear bond strength testing.

Discussion

The coloring procedures have been used for several years,
however, the effect of coloring procedures on the bond strength
between zirconia frameworks and resin cement has not been in-
vestigated. The results of the current study have shown that the
SBS between the zirconia framework and the resin cement is not
affected by either the coloring shade or the dipping time; so the
null hypothesis is accepted for both SBS and fracture type.

Previous studies investigating the SBS of veneer ceramic
with colored zirconia have reported that coloring procedures
can affect the results (20, 22, 23). Chevalier et al. (24) reported
that concentration of coloring pigments at grain boundaries
reduces the percentage of the stabilizing element (yttrium).
Reduction in the percentage of the stabilizing element would
likely result in a higher frequency of tetragonal-monoclinic
phase transformation, which would affect the mechanical

a

Figure 2. The test set-up for shear bond strength testing.

properties of the zirconia. As a further explanation of the
mechanical effects of coloring, Chen and Chen (25) have
explained that the melting point of the coloring pigment
(2410°C) is much lower than the melting point of yttrium and
hafnium oxides (2751°C). Therefore, displacement of the sta-
bilizing elements by the metallic pigments can occur during
the sinterization of zirconia frameworks (2).

A previous study reported that light-cure resin cements and
dual-cure resin cements, which are activated by a light source,
cannot be sufficiently polymerized if light cannot penetrate
through the material (26-28).In a recent study, Heffernan et al.
(29) compared the translucency of different all-ceramic core
materials, finding that In-ceram zirconia has the highest opacity
(with a 1.00 contrast ratio) when compared to the same-value
metal-ceramic specimens. Therefore, dual-cure resin cements
are more reliable for low-translucency ceramics, and this study
focused on a certain dual-cure resin cement only.
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In the current study, the SBS values obtained were higher
than those reported by Moon et al. (30) who had used the
same resin cement and a metal/zirconia primer. However,
the SBS results of the current study were lower than studies
which have used resin cements based on MDP monomer
(31-35). The absence of adhesive functional monomers in the
resin cement may explain the lower SBS values and adhesive
failure at the zirconia-resin cement interface when compared
to resin cements based on MDP monomer (14, 36).

In this study, the SBS between zirconia and resin cement
ranged from 6.72 MPa to 10.05 MPa. Luthy et al. (15) reported
that a minimal bond strength of 10-13 MPa is required for an
acceptable clinical bonding. The present study demonstrat-
ed a SBS lower than this clinically acceptable threshold for all
groups. It should also be noted that, although coloring proce-
dures do not affect the shear bond strength between zirconia
and the resin cements used in the current study remains clin-
ically unacceptable according to Luthy et al. (15).

The present study demonstrates that the coloring proce-
dure and duration applied to the zirconia framework has no
effect on the SBS of the resin cement. However, the study is
limited to a single resin cement (Multilink) and a single zirco-
nia framework system (Zirkonzahn). A future objective is to
measure the effects of different types of resin cements on the
SBS of other zirconia systems.

Conclusion

Different coloring liquids and dipping times do not affect
the shear bond strength between the zirconia framework and
resin cement. Adhesive type of fractures were observed for
all samples. Still, the shear bond strength values of non-MDP
containing resin cement used in this study are not enough for
clinical use for both colored and non-colored zirconia frame-
works.
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Tiirk¢e 6z: Renklendirme siireclerinin zirkonya ile rezin siman arasin-
daki baglanma dayanimi lizerindeki etkileri. Amag: Desimantasyon
zirkonya destekli restorasyonlar icin sik gértilen sorunlarindan biridir.
Bu ¢alismanin amaci, renklendirilmis zirkonyum oksit alt yapt ile rezin
siman ile arasindaki makaslama baglanma dayanimini incelemek-
tir. Gereg ve Yontem: Her birinde 12 zirkonya disk (15 mm x 12 mm x
1.6 mm) olacak sekilde 11 grup olusturulmustur. Gruplar VITA klasik

renk skalasina gére: A3, B1, C4, D2 ve D4 renklerine uyumlu olarak
renklendirilmistir. Tim gruplara énerilen 3 saniyelik renklendirme
ve 60 saniyelik uzatilmis renklendirme islemi uygulanmistir. Kontrol
grubunda renklendirme yapiimamistir. Orneklere 3 mm kalinliginda
ve 3 mm yliksekliginde translusent rezin siman uygulanmis ve liniver-
sal test cihazinda 1 mm/dakika hizinda baglanma dayanimi testi
yapilmigstir. iki yénlii varyans analizi (ANOVA) ve ikili karsilastirmalar-
da Tukey HSD testi kullanilmistir. Ayni renkte olan ancak farkli ton-
lama stiresine maruz kalan érnekler ise t-testi ile degerlendirilmistir.
Bulgular: Makaslama baglanti dayaniminin renk ya da renklendirme
stirelerine bagli olarak anlamli bir fark géstermedigi belirlenmistir.
11 arastirma grubunun icinde en yliksek baglanti degeri (10,05
MPa) 60 saniye renklendirme uygulanan B1 renk grubunda; en
diisiik baglanti degeri (6,72 Mpa), 60 saniye renklendirme uygula-
nan A3 renk grubunda elde edilmistir. Ancak bu farklar istatistiksel
olarak anlamli degildir. Sonug: Zirkonya alt yapi ve rezin siman arasi
baglanti dayanimi zirkonyayi renklendirme islemlerinden etkilenme-
mektedir. Anahtar kelimeler: Makaslama baglanma dayanimi; sera-
mik; renklendirme; zirkonya; rezin siman

References

1. TinschertJ, Zwez D, Marx R, Anusavice KJ. Structural reliability of
alumina-, feldspar-, leucite-, mica- and zirconia-based ceramics.
J Dent 2000; 28: 529-35. [CrossRef]

2. Ardlin Bl. Transformation-toughened zirconia for dental inlays,
crowns and bridges: Chemical stability and effect of low-tem-
perature aging on flexural strength and surface structure. Dent
Mater 2002; 18: 590-5. [CrossRef]

3. Ichikawa, Akagawa Y, Nikai H, Tsuru H. Tissue compatibility and
stability of a new zirconia ceramic in vivo. J Prosthet Dent 1992;
68:322-6. [CrossRef]

4. Piconi C, Maccauro G. Zirconia as a ceramic biomaterial. Bioma-
terials 1999; 20: 1-25. [CrossRef]

5. Oilo M, Gjerdet NR, Tvinnereim HM. The firing procedure influ-
ences properties of a zirconia core ceramic. Dent Mater 2008; 24:
471-5. [CrossRef]

6. Blatz MB, Oppes S, Chiche G, Holst S, Sadan A. Influence of ce-
mentation technique on fracture strength and leakage of alu-
mina all-ceramic crowns after cyclic loading. Quintessence Int
2008; 39: 23-32.

7. Blatz MB, Sadan A, Kern M. Resin-ceramic bonding: A review of
the literature. J Prosthet Dent 2003; 89: 268-74. [CrossRef]

8. Atsu SS, Kilicarslan MA, Kucukesmen HC, Aka PS. Effect of zirco-
nium-oxide ceramic surface treatments on the bond strength to
adhesive resin. J Prosthet Dent 2006; 95: 430-6. [CrossRef]

9.  DerandT, Molin M, Kvam K. Bond strength of composite luting cement
to zirconia ceramic surfaces. Dent Mater 2005; 21: 1158-62. [CrossRef]

10. Palacios RP, Johnson GH, Phillips KM, Raigrodski AJ. Retention of
zirconium oxide ceramic crowns with three types of cement. J
Prosthet Dent 2006; 96: 104-14. [CrossRef]

11. Chang J, Da Silva JD, Sakai M, Kristiansen J, Ishikawa-Nagai S.
The optical effect of composite luting cement on all ceramic
crowns. J Dent 2009; 37: 937-43. [CrossRef]

12. Hill EE. Dental cements for definitive luting: A review and practical clin-
ical considerations. Dent Clin North Am 2007; 51: 643-58. [CrossRef]

13. Blatz MB, Sadan A, Maltezos C, Blatz U, Mercante D, Burgess JO.
In vitro durability of the resin bond to feldspathic ceramics. Am
JDent 2004; 17: 169-72.

14. Kern M, Wegner SM. Bonding to zirconia ceramic: Adhesion methods
and their durability. Dent Mater 1998; 14: 64-71. [CrossRef]

15. Luthy H, Loeffel O, Hammerle CH. Effect of thermocycling on
bond strength of luting cements to zirconia ceramic. Dent Ma-
ter 2006; 22: 195-200. [CrossRef]


https://doi.org/10.1016/S0300-5712(00)00030-0
https://doi.org/10.1016/S0109-5641(01)00095-1
https://doi.org/10.1016/0022-3913(92)90338-B
https://doi.org/10.1016/S0142-9612(98)00010-6
https://doi.org/10.1016/j.dental.2007.04.008
https://doi.org/10.1067/mpr.2003.50
https://doi.org/10.1016/j.prosdent.2006.03.016
https://doi.org/10.1016/j.dental.2005.02.005
https://doi.org/10.1016/j.prosdent.2006.06.001
https://doi.org/10.1016/j.jdent.2009.07.009
https://doi.org/10.1016/j.cden.2007.04.002
https://doi.org/10.1016/S0109-5641(98)00011-6
https://doi.org/10.1016/j.dental.2005.04.016

126 Tuncel and Turp.
16. Lohbauer U, Zipperle M, Rischka K, Petschelt A, Muller FA. Hy- 27. Hasegawa EA, Boyer DB, Chan DC. Hardening of dual-cured ce-
droxylation of dental zirconia surfaces: Characterization and ments under composite resin inlays. J Prosthet Dent 1991; 66:
bonding potential. J Biomed Mater Res B Appl Biomater 2008; 187-92. [CrossRef]
87:461-7. [CrossRef] 28. Warren K. An investigation into the microhardness of a light

17. Aboushelib MN,de.Jager N, Kleverlaan CJ, Feilzer AJ. Microtensile cured composite when cured through varying thicknesses of
bonfi strength of different components of core veneered all-ce- porcelain. J Oral Rehabil 1990; 17: 327-34. [CrossRef]
ramic restorations. Dent Mater 2005; 21: 984-91. [CrossRef] 29. Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stanford

18. Stevenson B, Ibbetson R. The effect of the substructure on the ’ ’ ! ! ’
colour of samples/restorations veneered with ceramic: A litera- CM, Vargas MA. Relative translucency of six all-ceramic systems.
ture review. J Dent 2010; 38: 361-8. [CrossRef] Part I: Core materials. J Prosthet Dent 2002; 88: 4-9. [CrossRef]

19. Deville S, Gremillard L, Chevalier J, Fantozzi G. A critical compar- 30 Moon JE, Kim SH, Lee JB, Ha SR, Choi YS. The effect of prepara-
ison of methods for the determination of the aging sensitivity in tion order on the crystal structure of yttria-stabilized tetragonal
biomedical grade yttria-stabilized zirconia. J Biomed Mater Res zirconia polycrystal and the shear bond strength of dental resin
B Appl Biomater 2005; 72: 239-45. [CrossRef] cements. Dent Mater 2011; 27: 651-63. [CrossRef]

20. Hjerppe J, Narhi T, Froberg K, Vallittu PK, Lassila LV. Effect of 31, Kim MJ, Kim YK, Kim KH, Kwon TY. Shear bond strengths of var-
shading the zirconia framework on biaxial strength and surface ious luting cements to zirconia ceramic: Surface chemical as-
microhardness. Acta Odontol Scanq 2008 ;66: 262-7. [Cross?Re.f] pects. J Dent 2011; 39: 795-803. [CrossRef]

21. Pittayachawan P, McDonald A, Petrie A, Knowles JC.The biaxial - ) 1 ino £ kobayashi K, Saito A, Fushiki R, Koizumi H, Matsumura
flexural strength and fatigue property of lava y-tzp dental ce- H. Shear bond strength between an indirect composite veneer-
ramic. Dent Mater 2007; 23: 1018-29. [CrossRef] ’

22. Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Effect of zirconia type ing material and zirconia ceramics after thermocycling. J Oral
on its bond strength with different veneer ceramics. J Prostho- 5¢i 2009; 51: 629-34. [CrossRef]
dont 2008; 17: 401-8. [CrossRef] 33. Kuriyama S, Terui Y, Higuchi D, Goto D, Hotta Y, Manabe A, Mi-

23. Mosharraf R, Rismanchian M, Savabi O, Ashtiani AH. Influence yazaki T. Novel fabrication method for zirconia restorations:
of surface modification techniques on shear bond strength be- Bonding strength of machinable ceramic to zirconia with resin
tween different zirconia cores and veneering ceramics. J Adv cements. Dent Mater J 2011; 30: 419-24. [CrossRef]
Prosthodont 2011; 3: 221-8. [CrossRef] 34. Lin J, Shinya A, Gomi H, Shinya A. Effect of self-adhesive resin

24. Chevalier J, Deville S, Munch E, Jullian R, Lair F. Critical effect of cement and tribochemical treatment on bond strength to zirco-
f:ubic phase on aging in 3mol% )fttria?-stabili%ed zirconia ceram- nia. Int J Oral Sci 2010; 2: 28-34. [CrossRef]

Z:SS f[cérrziézfp]lacement prosthesis. Biomaterials 2004; 25: 5539- 35. Takeuchi K, Fujishima A, Manabe A, Kuriyama S, Hotta Y, Tamaki

2. Ch.en PL, Chen IW. Grain boundary mobility in y203: Defect Y, Miyazaki T. Combination treatment of tribochemical treat-
mechanism and dopant effects. J Am Ceram Soc 1996; 79: 1801- ment and phosphoric acid ester monomer of zirconia ceramics
9. [CrossRef] enhances the bonding durability of resin-based luting cements.

26. Blackman R, Barghi N, Duke E. Influence of ceramic thickness on Dent Mater J 2010; 29: 316-23. [CrossRef]
the polymerization of light-cured resin cement. J Prosthet Dent 36. Wegner SM, Kern M. Long-term resin bond strength to zirconia

1990; 63: 295-300. [CrossRef]

ceramic. J Adhes Dent 2000; 2: 139-47.


https://doi.org/10.1002/jbm.b.31126
https://doi.org/10.1016/j.dental.2005.03.013
https://doi.org/10.1016/j.jdent.2010.01.009
https://doi.org/10.1002/jbm.b.30123
https://doi.org/10.1080/00016350802247123
https://doi.org/10.1016/j.dental.2006.09.003
https://doi.org/10.1111/j.1532-849X.2008.00306.x
https://doi.org/10.4047/jap.2011.3.4.221
https://doi.org/10.1016/j.biomaterials.2004.01.002
https://doi.org/10.1111/j.1151-2916.1996.tb07998.x
https://doi.org/10.1016/0022-3913(90)90199-M
https://doi.org/10.1016/S0022-3913(05)80046-0
https://doi.org/10.1111/j.1365-2842.1990.tb00016.x
https://doi.org/10.1067/mpr.2002.126794
https://doi.org/10.1016/j.dental.2011.03.005
https://doi.org/10.1016/j.jdent.2011.08.012
https://doi.org/10.2334/josnusd.51.629
https://doi.org/10.4012/dmj.2010-213
https://doi.org/10.4248/IJOS10002
https://doi.org/10.4012/dmj.2009-099

E@R

eor.istanbul.edu.tr

STA
15TAN,
ALl

=5 [STANBUL
UNIVERSITY
tEet _ pRESS

Official Publication of Istanbul University Faculty of Dentistry

Eur Oral Res 2018; 52(3): 127-30

Original research

Assessment of curve of spee in different malocclusions

Purpose
The aim of this study was to compare the depth of curve of Spee (COS) in Angle
Class I, Angle Class Il and Angle Class Il malocclusions.

Materials and methods

The Samples were chosen among the diagnostic materials in istanbul Medipol
University Department of Orthodontics. Ninety plaster models were chosen,
and were divided into 3 groups (n=30) according to Angle dental malocclusion
classification. The depth of curve of Spee was measured on left and right sides of
mandibular dental models and mean values were used as depth of curve of Spee.
ANOVA test was used to evaluate normally distributed data. Comparison of the
sides were performed by using paired sample t test. Significance level was set to
p<0.05.

Results

The depth of COS was found as deepest in Class Il malocclusion (2.9+0.8 mm)
and was relative flat in Class Il malocclusion (2.1£0.9 mm) and the difference was
statistically significant (p<0.05). No significant difference was found between Angle
Class I and Class Ill malocclusions.

Conclusion
Since the depth of curve of Spee is increased in Class Il malocclusions, this factor
should be considered in treatment planning.

Keywords: Curve of spee; malocclusion; angle classification; mandible; orthodontics

Introduction

The curve of Spee (COS) was determined as an occlusal line, which is tan-
gential part of a cylinder that begins at incisal edges of mandibular incisors
and terminates at the anterior margin of mandibular condyle. The COS is an
anatomic curvature and was first presented by Ferdinand Graf Von Spee in
1890 (1-3). It has been reported that overbite, mandibular incisor proclina-
tion, height of molar cusp, lower arch length, posterior contact and incli-
nation of articular eminence are related with the arrangement of the teeth
in sagittal plane (1, 4, 5). Balance of occlusal function is achieved by the
consistence of these parameters and the COS (1, 5, 6). Condyle’s horizontal
position to occlusal plane has an effect on the COS (1). Graf Von Spee stated
that maximum tooth contact could be achieved in chewing by means of
this geometric arrangement (3, 7).

Chewing is the major function of maxillofacial component and effective
chewing is related to crush/shear ratio of the teeth. In food processing, crush/
shear ratio of buccal teeth increases, then efficient mastication can be achieved
by virtue of COS. This indicates that, COS has also a mechanical function as well
as its morphological function (7, 8). Although we have limited knowledge of
the functional properties of the COS (1, 9), it is well known that increased depth
of COS is frequently associated with deep-bite malocclusions (10).
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Andrews (11) described the six keys of the normal occlusion
in 1972, and reported that the majority of the non-orthodon-
tic normal individuals had a flat occlusion plane, therefore
recommended that flattening the curve of Spee should be
one of a goals of orthodontic treatment.

Considering the importance of flattening the COS for or-
thodontics, knowing the relationship between dental mal-
occlusions and COS will allow us to treat these cases more
successfully.

This study aims to compare depth of COS in Angle Class |,
Angle Class Il and Angle Class Ill malocclusions. The null hy-
pothesis of this study was that there was no significant differ-
ence in the depth of curve of Spee between Angle Class |, Il
and lll cases. The null hypothesis was repeated 2 times, please
delete the second sentence.

Materials and methods
Specimen characteristics and sample size calculation

Ninety plaster models were selected among the diagnos-
tic materials of Istanbul Medipol University Department
of Orthodontics. Ethics Committee of the same university
approved the study with the number 10840098-604.01.01-
E.15421. G*Power Ver. 3.0.10. was used for power analysis
and it was found that 20 samples in each group would give
the 80% power. Three study groups in equal numbers (n=30)
were formed based on Angle classification (Class |, II, and Ill).
The casts having fully erupted dentition except the third mo-
lars were enrolled in the study. Exclusion criteria for this study
were as follows; previous orthodontic treatment, severe cra-
niofacial disorders, posterior cross-bite, tooth anomaly, tooth
wear, presence of occlusal fillings, presence of cusp fillings,
presence of prosthetic restorations, and temporomandibular
disorders. Mean age of the subjects was 13.60+1.03 years.

Model measurement

Manual measurement of the depth of COS was done with
a digital caliper (Mitutoyo Corp, Kanogawa, Japan) and a
plate (a flat plane). The plate was set on the mandibular plas-
ter model as it was so as to touched the distal cusps of the
second molars and incisal edges of the central incisors as de-
scribed previously (4). The deepest cusp tip to the plate was
recorded, using the digital caliper, and the depth of COS were
recorded for each side. The right and the left sides were mea-
sured and mean value of them was used as the depth of COS.
The measurement technique on models and cephalometric
radiographs of the sample cases were presented in Figure 1
and 2. One hundred eighty measurements were performed
for this study. Two weeks after the first measurement, 30 plas-
ter models were randomly remeasured again by the same re-
searcher to assess the method error (12).

Statistical analysis
A Statistical Software (IBM Corp. Released 2013. IBM Statis-

tical Package for the Social Sciences Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.; USA) was used to eval-

uate the data. Shapiro-Wilks test was performed to check
for normality. As the distribution met the assumptions of
normal distribution, one way analysis of variance (ANOVA)
test for multiple comparisons and Tamhane T2 or Tukey HSD
post-hoc tests for detecting pairwise differences in the COS
between malocclusions were used. Comparison of sides
was performed by using paired samples t test. The results
were presented as mean values (millimeter=mm) with stan-
dard deviations. The reliability of the measurements were
checked with intra-class correlation (ICC) coefficient. Confi-
dence level was set to 95% and p<0.05 was considered sta-
tistically significant.

Results

Errors of the measurements were 0.3 to 0.5 mm and ICCs
were 0.941-0.973. Descriptive and analytic statistics for mea-
surement of the COS are given in Table 1. In Class | malocclu-
sion, mean depth of COS was 2.3+0.6 mm, in Angle Class I
malocclusion mean depth was 2.9£0.8 mm and in Angle Class
Il malocclusion mean depth was 2.1+0.9 mm. Mean value
both left and right sides in Angle Class Il was found higher
than that of the other classes (p<0.001). In Angle Class Il mal-
occlusion the COS was deepest and was flat in Class | and IlI
malocclusion. The differences between Angle Class Il mal-
occlusion and the other Classes were statistically significant
(p<0.001). No significant difference was found between An-
gle Class I and Class lll malocclusions.

Discussion

Most orthodontic problems in orthodontic patients are ac-
companied by an increased curve of Spee. When planning an
orthodontic treatment, the depth of curve of Spee should be
added to the amount of space needed to correct the crowd-
ing. During fixed orthodontic treatment, crowding will be
corrected and the curve of Spee will flatten. As a result of
this, extra space for leveling and aligning of the teeth will be
needed. Andrews (11) and other authors (13, 14) mentioned
that intercuspation would be optimal in the presence of a flat
plane of occlusion and therefore flattening of the COS should
be one of the goals of orthodontic treatment, especially in
deep overbite cases. The evaluation of COS in orthodontics is
important because the depth measurement of COS is a part
of space analysis, which is directly related to the planning of
orthodontic treatment (14, 15). Although there are different
opinions about the development of the COS, it is important
to know in which type of malocclusion this curve is more se-
vere. Therefore, this study was performed to assess the rela-
tionship between different sagittal dental malocclusions and
the depth of the COS.

Curve of Spee measurements can be performed by using
different orthodontic diagnostic materials. Plaster models,
photographs, 3D study models can be used for measure-
ments (16-18). The plaster models were used in our study due
to easy measurement of that materials. Various methods have
been reported to measure the depth of COS in the literature
but there is little consensus about the measurement meth-
ods. Techniques such as taking the perpendicular distance on
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Table 1. Mean values of the depth measurement of curve of Spee stratified by malocclusions and sides

Combined p
Mean=SD (mm)
Class | 2.3+0.6° NS
Class Il 2.9+0.8° <0.001
Class Il 2.1+£0.9° NS
p

Right Left P
Mean+SD (mm) Mean=SD (mm)
2.3+0.8° 2.3+0.72 0.968
2.9+0.9° 2.9+0.7° 0.543
2.1+£0.9° 2.0+0.9° 0.801
0.002 <0.001

a, b: There is no difference in the measurements which were marked with the same letter; NS: Non-significant

Figure 1. Positioning of the flat surface over the model (upper left) and
measurement of the depth of the Spee curve with the digital caliper
(lower left) in a patient with Angle Class Il malocclusion (right).

Figure 2. Positioning of the flat surface over the model (upper left) and
measurement of the depth of the Spee curve with the digital caliper
(lower left) in a patient with Angle Class | malocclusion (right).

left and right sides, perpendicular distance’s average to each
cusp tip (19), the sum of the perpendiculars (17) or the aver-
age of maximum depth on left and right sides (4, 13) were
used previously to measure depth of COS. In the present
study, the technique of Braun (4) was used.

Previous studies have stated that there was no significant
change in the COS between the adolescence and adulthood
periods. Therefore, models of the patients in permanent den-
tition period were included in the study (19-21).

Marshall et al. (7), evaluated the difference in the depth of
COS between left and right sides of the arches and noted that

there were no significant differences in the mean values of
COS between the sides. In this study, we measured on the left
and right sides as in the study of Marshall et al. (7) and our
findings were consistent with their study. Previous researches
presented no significant differences in depth of COS between
genders (20, 22). Hence, the gender difference was not con-
sidered in our study.

Shannon and Nanda (23), evaluated the relationships be-
tween the Frankfort plane angle, deep bite, Class Il molar
relationship, mandibular plane angle, overjet, and depth of
the COS in their study. They have observed a relationship be-
tween Class Il molar relationship and depth of the COS and
stated that significantly deeper curves were found in Class Il
molar relationship than that of Class | ones. In the present
study the mean value of COS in Class Il patients was found to
be deeper than that of the other ones and this finding sup-
ports the results of Shannon and Nanda’s study (22).

Veli et al. (22) assessed the relationship between COS and
vertical eruption of teeth in different malocclusions and they
indicated that the depth of COS was found as deepest in Angle
Class Il division 1 group, followed by Class Il division 2, Class
I and Class Ill groups. The authors have found difference be-
tween Angle Class | and Angle Class Il groups, which is not
consistent with our study (22). Veli et al. (22) also assessed the
depth of COS for both of the left and the right sides, and report-
ed no significant difference in depth of COS between the sides.
This result was similar with the findings of the present study.

The increased depth of COS has previously been shown to
have a major role in development of dental deep-bites (7).
Baydas et al. (24) assessed the relationships between incisor
positions, overbite, overjet, lower anterior crowding and COS
in their longitudinal study and they have found significant
correlations between overjet, overbite and the COS. In a pre-
vious study, it was reported that increased overbite was pres-
entin Class Il division 2 patients, therefore these patients may
have deeper COS. (22). The relationship between increased
overbite and the COS was revealed in previous reports and
this finding emphasizes the need of correcting the COS in
orthodontic treatment. Orthodontists should diagnose the
amount of COS as a contributing factor of deep bite and try to
flatten this curve especially in Angle Class Il patients.

This study was designed as a cross—sectional retrospective re-
search in which pre-treatment models were evaluated. Both the
design of the study and measurement materials were the lim-
itations of this study. Evaluation of longitudinal changes of the
depth of COS could give more detailed knowledge about the
issue. Furthermore, radiographic measurements could be added
to model measurements to increase the effect of the study.
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Conclusion

Curve of Spee in patients with Class | and Class Il malocclu-
sion are more likely to be flat but those with Class Il malocclu-
sion demonstrated deeper curve of spee with no side-related
difference. Therefore, it can be concluded that the malocclu-
sion in sagittal direction has an impact on the depth of curve
of Spee.
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Tiirkce 6z: Farkl malokliizyonlarda Spee edrisinin degerlendirilmesi.
Amag: Bu ¢alismanin amaci, Angle Sinif I, Angle Sinif Il ve Angle Sinif
Il malokluzyonlarda Spee egrisinin derinligini karsilastirmaktir. Gereg
ve Yéntem: Calismada kullanilan érnekler, istanbul Medipol Universi-
tesi Ortodonti Anabilim Dali'nda bulunan tani materyalleri arasindan
secilmistir. Angle dissel malokliizyon siniflamasina gére secilen dok-
san tane al¢i model, 3 gruba (n=30) ayrilmistir. Spee egrisinin derinligi
mandibular dental modeller iizerinde sag ve sol tarafta 6l¢iilmiis ve
ortalama degerler Spee egrisinin derinligi olarak kullanilmistir. Nor-
mal dagiim gésteren verileri degerlendirmek icin ANOVA testi kul-
lanilmigtir. Taraflara gére degerlendirmede eslestirilmis érneklem t
testi kullanilarak yapiimistir. Anlamhilik diizeyi p<0,05 olarak ayarlan-
mustir. Bulgular: Spee egrisi derinligi Sinif Il malokliizyonda (2,9+0,8
mm) en derin, Sinif Il malokliizyonda (2,1£0,9 mm) géreceli olarak
diiz bulunmustur ve aralarindaki fark istatistiksel olarak anlamli
bulunmustur (p<0,05). Angle Sinif | malokliizyon ile Angle Sinif Il
malokliizyon arasinda anlamli farklilik bulunmamstir. Sonug: Spee
egrisi derinligi, Sinif Il malokltizyon vakalarinda artmis oldugu icin bu
vakalarin tedavi planlamasinda bu faktériin géz 6niinde bulundu-
rulmasi gerekmektedir. Anahtar kelimeler: Spee egrisi; malokliizyon;
Angle siniflamasi; mandibula; ortodonti
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Evaluation of temperature rise following the application of
diode and ErCr:Ysgg lasers: an ex vivo study

Purpose

Erbium, chromium: yttrium, scandium, gallium, garnet (ErCr:Ysgg) lasers
have been frequently used in oral surgical procedures and are almost seen as
alternatives to diode lasers. The aim of this comparative study was to analyze in
an animal model the thermal elevation induced by ErCr:Ysgg and diode lasers in
soft tissue and bone.

Materials and methods

Thirty freshly dissected sheep mandibles containing bone and soft tissue were
divided into 120 equal parts. Gallium-aluminum-arsenide (Ga-Al-As) diode laser
(A=940 nm) with 1,2 and 5 W output powers and ErCr:Ysgg laser (A\=2780 nm) with
2.75,4.5 and 6 W output powers were used on soft and bone tissues separately
for 3 seconds with point application. Mean temperature values before and after
application of the lasers were compared in soft tissue and bone.

Results
The minimum mean temperature value was observed with 2.75W ErCr:Ysgg laser
while irradiation with 5 W diode laser created the maximum values (p<0.05).

Conclusion

ErCr:Ysgg laser (A\=2780 nm) with 2.75 W power generates low levels of heat
compared to diode lasers and may provide safer surgery in soft and bone tissues
without destructive effects of temperature increase.

Keywords: Bone; diode laser; ErCr:Ysgg lasers; soft tissue; temperature rise

Introduction

Laser devices are alternative surgical instruments which are frequent-
ly used in oral surgical procedures such as frenectomy, periodontal and
peri-implant surgery, gingival surgery and excision of soft tissue tumors
(1-5). They emit coherent and homogeneous light which shows reflec-
tion, absorption, transmission and scattering when applied on biological
tissues. Absorbed energy is tolerated by the tissue or transforms into oth-
er forms of energy such as heat and photochemical reactions (6).

Laser light may induce thermal damage in the surrounding tissues both
on the horizontal and vertical plain in the oral cavity (1, 7). Increased heat
causes structural changes and retraction in biological tissues up to 600°C.
Protein denaturation and coagulation occurs when the temperature aris-
es above 600°C, while tissue carbonization and charring are observed
between 900-1000°C. Tissue ablation occurs when the temperature rises
above 1000°C. Thermal destruction of the surrounding tissues by the laser
light may lead to delayed wound healing compared to scalpel incision (7).
An ideal laser should maintain the thermal threshold in acceptable levels
and should not provoke thermal damage to the surrounding tissues.
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Diode and erbium, chromium: yttrium, scandium, galli-
um, garnet (ErCr:Ysgg) lasers are two different types of lasers
which produce light in different wavelengths. It is reported
that diode laser light induces thermal changes in the sur-
rounding area of the related application site (8, 9). ErCr:Ysgg
lasers have been frequently used in oral surgical procedures
and are almost seen as alternative to diode lasers (9, 10). Er-
Cr:Ysgg lasers are used with water irrigation and considered
to create heat generation in decreased levels by the help of
the irrigation system (10, 11). Although histologic effects of
diode and ErCr:Ysgg lasers are well-known, the heat gener-
ation after the application of diode and ErCr:Ysgg lasers has
not been studied yet. The aim of this study was to compare
the thermal changes after the application of ErCr:Ysgg and di-
ode lasers in soft tissue and bone. The null hypothesis tested
in this research is that there is no difference in the thermal
changes occurring in the soft tissue and bone after the appli-
cation of ErCr:Ysgg and diode lasers.

Materials and methods
Study design

Ethical approval was obtained from the local Animal Re-
search Ethics Committee of the Akdeniz University (Antalya,
Turkey) with approval number 556. Thirty freshly dissected
sheep mandibles with residual soft tissues of muscles were di-
vided into 120 equal parts and were placed into a water tank of
which the temperature was adjusted to 35-37°C using a glass
heater (Kenis K-366; Kenis, Osaka, Japan) and hygro-thermom-
eter (Nimomed; Estar Electronic Co., Ltd., Changshan, China)
(Figure 1) to simulate oral tissues at body temperature. Each
specimen was obtained from the body of the mandibles and
comprised at least 5 mm soft tissue. Laser applications were
performed in 6 hours after the specimens were obtained in
order to maximize the usability of specimens. Diode and Er-
Cr:Ysgg lasers with 3 different energy outputs were performed
during 3 seconds on soft and bone tissue of the specimens
separately. Gallium-aluminum-arsenide (Ga-Al-As) diode laser
(Epic; Biolase, Irvine, CA, USA) (A=940 nm) with 300 um fibre
tip was used with 1,2 and 5 W output powers. ErCr:Ysgg laser
(A=2780 nm) (Waterlase iPlus; Biolase, Irvine, CA, USA) was used
with G4 fire tip (600 pm diameter, 6 mm length) at 2.75, 4.5 and
6 W with a 40% water and 20% air spray during irradiation. The
temperature of irrigation water was adjusted to 25°C, accord-
ing to the manufacturers’ specifications. The dispersion of the
specimens to the groups were shown in Table 1.

Probe of the thermocouple device (Keitley 2000 Digital
Multimeter; Keithley Instruments, Inc., Cleveland, OH, USA)
was inserted into the bone and soft tissue separetely at a dis-
tance of 3 mm to the laser application point (Figure 2). Each
measurement was repeated 3 times before and immediately
after the application of lasers and a mean value was calculat-
ed for all groups.

Statistical analysis

Statistical analysis was performed using IBM Statistical Pack-
age for the Social Sciences (SPSS) Statistics version 22 (SPSS IBM

Corp.; Armonk, NY, USA). The normality of distribution and the
homogeneity of variances of the sample were established using
visual inspection of histograms, QQ-plots, box plots and Sha-
piro-Wilk's test (p<0.05), respectively. The comparison of the
mean temperature values of specimens before and after the
application of diode and ErCr:Ysgg lasers was carried out by us-
ing t-test. The analysis of the significance between the mean
temperature values of bone and soft tissues before and after the
application of lasers was also performed with t-test. ANOVA was
performed for comparison of the mean temperature values of
specimens before and after the application of different power
settings (1, 2, 5, 2.75, 4.5 and 6 W) of diode and ErCr:Ysgg lasers.
Sidak’s correction test was utilized for the post-hoc analysis.
One-way multivariate analysis of variance (MANOVA) was also
performed for determining whether the mean temperature was
different between bone and soft tissue, laser types and several
power settings. Post-hoc analysis was carried out with Bonfer-
roni’s correction test. The confidence interval was set to 95%
and p<0.05 was considered significant.

Results

No statistically significant difference was observed between
initial temperature measurements before the application of each
laser. The temperature of specimens irradiated with diode laser
was significantly increased compared to specimens irradiated
with ErCr:Ysgg laser (p<0.05) (Table 2). There was no statistically
significant difference between the mean temperature values of
bone and soft tissues before and after laser application (Table 3).

Figure 1. Athermal controller was used to adjust the temperature of the
water close to the body temperature.

Figure 2. 3 mm distance was provided between thermocouple probe
and laser application point.
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Table 1. Duration and power settings of the laser devices applied on specimens

Application Period

Tissue

Soft Tissue (N=30)

Laser Device

Diode (N=60)

Power
1W (N=10)
2W (N=10)
5W (N=10)
1W (N=10)
2W (N=10)
5W (N=10)

2.75W (N=10)
4.5W (N=10)
6W (N=10)
2.75W (N=10)
4.5W (N=10)
6W (N=10)

3 seconds

Bone (N=30)
ErCr:Ysgg (N=60)

Soft Tissue (N=30)

Bone (N=30)

N: sample size; W: watt

Table 2. Comparison of the mean temperature changes of diode and ErCr:Ysgg lasers before and after application

Temperature Tissue N Mean SD t P

Initial Bone 60 37.26 0.89 -0.42 0.68
Soft Tissue 60 37.33 0.80

Post-application Bone 60 40.51 2.74 0.94 0.35
Soft Tissue 60 40.04 2.76

Difference Bone 60 3.25 2.68 1.12 0.26
Soft Tissue 60 2.72 2.54

p<0.05 was determined as statistically significant: p value in bold emphasis shows that there was statistically significant difference between diode and Er,
Cr:YSGG laser after the application; SD: standard deviation

Table 3. Comparison of the mean temperature values of bone and soft tissues before and after the laser application

Temperature Laser N Mean SD t P

Initial Diode 60 37.43 0.74 1.69 0.09
ErCr:Ysgg 60 3717 0.93

Post-application Diode 60 41.53 3.06 5.57 0.00
ErCr:Ysgg 60 39.03 1.64

Difference Diode 60 4.10 2.96 5.17 0.00
ErCr:Ysgg 60 1.86 1.57

SD: standard deviation; p<0.05 was determined as statistically significant

There was no statistically significant change in the mean
temperature values between 6 different power settings of di-
ode and ErCr:Ysgg lasers before the application (p>0.05). How-
ever, statistically significant difference was found between
lasers after the application with different power settings
(p<0.05). Post-hoc test revealed that mean temperature value
of 2.75 W ErCr:Ysgg laser is significantly decreased compared
to other power settings (p<0.05) (Table 4). While mean tem-
perature values of 1 W diode laser and 4.5 W ErCr:Ysgg laser
were significantly increased compared to 2.75 W ErCr:Ysgg la-
ser (p<0.05), they were significantly decreased compared to 2
W diode laser, 5W diode laser and 6 W ErCr:Ysgg laser (p<0.05).

Mean temperature values of 2 W diode and 6 W ErCr:Ysgg la-
sers were significantly decreased compared to 5 W diode laser.
Mean temperature values of 5 W diode laser was significant-
ly increased compared to the mean values of remaining laser
power parameters (p<0.05) (Table 5).

According to the MANOVA, the type of tissue and laser were
found to have significant association with mean temperature
difference on bone and soft tissue (F.,=19,91, p<0.05). Bon-
ferroni correction test revealed that the application of diode
laser generated significantly higher temperature difference
on bone (4.21) and soft tissue (3.98) than the ErCr:Ysgg la-
ser (1.44 for soft tissue and 2.28 for bone). Likewise, signifi-
cant association was found between type of laser and power
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Table 4. The comparison of the mean temperature values before and after the application of diode and ErCr:Ysgg lasers with different power outputs

Sindel et al.

Temperature Power output N Mean SD F P
Initial Diode 1W (1) 20 37.32 0.70 0.87 0.50
Diode 2W (2) 20 37.48 0.81
ErCr:Ysgg 2.75W (3) 20 37.33 0.90
ErCr:Ysgg 4.5W (4) 20 37.10 0.96
Diode 5W (5) 20 37.48 0.73
ErCr:Ysgg 6W (6) 20 37.08 0.96
Post-application Diode 1W (1) 20 38.74 0.93 110.74 0.01
Diode 2W (2) 20 40.44°b¢ 1.06
ErCr:Ysgg 2,75W (3) 20 37.75¢ 0.89
ErCr:Ysgg 4,5W (4) 20 38.82°f 1.24
Diode 5W (5) 20 45419 1.37
ErCr:Ysgg 6W (6) 20 40.53bh 1.38
Difference Diode 1W (1) 20 1.42 0.70 148.40 0.01
Diode 2W (2) 20 2.96 1.02
ErCr:Ysgg 2,75W (3) 20 0.42 0.54
ErCr:Ysgg 4,5W (4) 20 1.72 0.83
Diode 5W (5) 20 7.93 1.20
ErCr:Ysgg 6W (6) 20 3.45 1.33

p<0.05 was determined as statistically significant. Mean values haring a superscript letter are not significantly different; SD: standard deviation

Table 5. The comparison of the mean temperature values before and after diode and ErCr:Ysgg laser application with different power outputs

Laser Tissue w n MD SD F.o Fiw Fiow
Diode Bone 1 10 1.11¢ 0.38 19.91 12.44 6.22
2 10 3.51¢ 0.38
5 10 8.03° 1.41
Soft Tissue 1 10 1.73¢ 0.81
2 10 241 1.17
5 10 7.82° 1.00
ErCr:Ysgg Bone 2,75 10 0.35¢ 0.30
4,5 10 2.05¢ 0.71
6 10 4.45° 1.02
Soft Tissue 2,75 10 0.49¢ 0.71
4,5 10 1.39¢ 0.84
6 10 2.45¢ 0.70

W: watt; n: sample size; MD: mean difference; SD: standard deviation *a>b>c>d. a-b-c-d indicates the different groups according to the pairwise comparison

output (F,,=12,44, p<0.05). Post-hoc analysis revealed that
ErCr:Ysgg at 2.75 W (0.42) created significantly lower tem-
perature difference on bone and soft tissue compared to the
other power outputs (p<0.05). Diode laser at 5W (7.9) was

The type of tissue, laser and power output were found to
have significant association with mean temperature differ-
ence on bone and soft tissue (FL.pny=6-22, p<0.05) (Table 5).
Post-hoc analysis revealed that diode laser at 5W and Er,Cr:YS-

found to have significantly higher temperature difference on
bone and soft tissue compared to the other power outputs
(p<0.05). The mean temperature difference on bone and soft
tissue was ranking between diode laser at 5W(the highest),
diode laser at 2W, ErCr:Ysgg laser at 6W, diode laser at 1W,
Er,Cr:YSGG laser at 4.5W and Er,Cr:YSGG laser at 2.75W (the
lowest), respectively.

GG laser at 6W created the highest temperature difference
values among other groups. Diode laser at 5W created sig-
nificantly higher temperature difference on bone (8.03) and
soft tissue (7.82) compared to the ErCr:Ysgg laser at 6W (4.45
in bone and 2.45 in soft tissue). Furthermore, ErCr:Ysgg laser
at 2.75W created the lowest temperature difference on both
bone (0.35) and soft tissue (0.49) among the other groups.
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Discussion

Soft tissue interventions with appropriate laser are bene-
ficial compared to other surgical instruments such as scalpel
and electrocautery (1, 5, 7). Diode lasers shows affinity to pig-
mented molecules in the affected tissue and mostly absorbed
by haemoglobin, thus providing an advantage of suitability
for soft tissue surgery (1, 8, 9). However, ErCr:Ysgg laser with
2780 nm wavelength is exceedingly absorbed by water and
hydroxiapatite and can be safely used in both bone and soft
tissues (2, 3,9, 12).

Biological effects of thermal increase during the laser ap-
plication have been reported both for diode and ErCr:Ysgg
lasers (1, 7, 9). Cercadillo-Ibarguen et al. (10) reported that
the microscopic extent of the thermal effect was lower after
ErCr:Ysgg application compared to diode and CO, lasers in
their study in which they used porcine mucosal membranes
as experimental model. Furthermore, it was also suggested
that ErCr:Ysgg laser incision was comparable to scalpel in-
cision in the histological examination and thermal destruc-
tion caused by laser excision did not affect proper histolog-
ical diagnosis when applied with distance to the examined
pathology (10, 13). Similarly, Rizoiu et al. (14) suggested that
soft tissue wound healing after ErCr:Ysgg laser application
was comparable with scalpel incision in the histopatho-
logical examination. A temperature increase above 10°C is
considered harmful for biological tissues and may provoke
irreversible tissue damage. Geminiani et al. (15) reported
that diode laser irradiation may increase the temperature
above 10°C after 10 seconds application. However, in the
study of Leja et al. (16) in which they investigated thermal
changes of dental implants after laser application in vitro,
it was reported that 810 nm and 980 nm diode lasers with 1
W power output did not increase the temperature to critical
threshold of 10°C in 60 seconds application time. However,
CO2 and Er:YAG lasers increased the temperature over the
critical threshold.

In the current study, the highest temperature generation
on soft and bone tissue was observed with 5 W diode la-
ser. Similarly, Merigo et al. (7) also reported that the highest
temperature elevation in deep soft tissue was observed af-
ter 5 W diode laser application and the lowest temperature
elevation was observed after Er:YAG laser application. In the
present study, ErCr:Ysgg laser was used with concomittant
air-water spray similar to Er:YAG lasers and showed lower
temperature change compared to diode laser. When using
high energy outputs in lasers, concomittant cooling may
be beneficial to reduce the accumulated heat on biological
structures (17).

As an interesting outcome of the study, 6 W ErCr:Ysgg laser
showed less heat generation compared to 5 W diode laser, as
the increase in the heat production did not correlate with the
increase in the power output of the laser. Similarly, 1 W di-
ode laser generated higher levels of heat compared to 2.75W
ErCr:Ysgg laser, indicating that heat generated with different
laser types differed with different power outputs.

A previous study reported that ErCr:Ysgg laser was superior
to diode laser with regards to the measurement of the dam-
aged area adjacent to the laser incision (10). In the present

study, following the application of both ErCr:Ysgg and diode
lasers on soft and bone tissue, 2.75 W ErCr:Ysgg laser group
showed the lowest heat generation among other ErCr:Ysgg
and diode laser settings. Diode lasers should be used with
special care due to their capability of penetrating deeper in
the soft and bone tissues and causing irreversible damage (7,
15).

Conclusion

Present study revealed that diode laser (A = 940 nm) with
5 W power output produced elevated levels of temperature
leading to the thermal damage to soft and bone tissues and
ErCr:Ysgg laser (A = 2780 nm) with 2.75 W power generated
low levels of heat compared to diode lasers. The findings of
the current study support the idea that the use of ErCr:Ysgg
laser with 2.75 W power may provide safer surgery regarding
destructive effects due to temperature increase.
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Tiirk¢e 6z: Diyot ve ErCr:Ysgg lazer uygulamalarini takiben sicaklik
artisinin degerlendirilmesi: ex vivo ¢calisma. Amag: Erbiyum, krom: itri-
yum-skandiyum-galyum-garnet (ErCr:Ysgg) lazerler oral cerrahi islem-
lerde yaygin bicimde kullaniimakta olup, diyot lazerlere neredeyse alter-
natif olarak dtsiinilmektedir. Bu ¢calismanin amaci, ErCr:Ysgg lazerler
ve diyot lazerlerin kemik ve yumusak dokuda meydana getirdikleri si-
caklik artiginin bir hayvan modeli lizerinde karsilastirilmasidir. Gereg ve
Yéntem: Otuz adet koyun mandibulasi her biri kemik ve yumusak doku
iceren 120 esit parcaya béliinmdistiir. Yumusak doku ve kemik lizerine
ayn ayn olacak bigcimde, 3 saniye siire ile 1, 2 ve 5 W ¢ikis gliclerinde
galyum-aluminyum-arsenid (Ga-Al-As) diyot lazer (\=940 nm) ve 2,75,
4,5 ve 6 W cikis gliclerinde ErCr:Ysgg lazer (A=2780 nm) uygulamasi
gerceklestirilmistir. Uygulama 6ncesi ve uygulamadan hemen sonra-
ki ortalama sicaklik degerleri karsilastinlarak veriler analiz edilmistir.
Bulgular: En diisiik ortalama sicaklik degeri 2,75 W gticiinde Er,Cr:YS-
GG lazer uygulamasinda g6zlenirken, 5 W gliciinde diyot lazer uygula-
masinin en yliksek sicaklik degerini olusturdugu gérilmstiir (p<0,05).
Sonug: ErCr:Ysgg lazerin (A\=2780 nm) 2,75 W glicte uygulanmasi, diyot
lazerlerle kiyaslandiginda daha dlisiik sicaklik artisina neden olmakta
ve sicaklik artisinin neden olabilecegi yikici etkiler bakimindan, kemik
ve yumusak doku cerrahilerinde daha giivenli sonuglar saglayabilecegi
distintilmektedir. Anahtar kelimeler: Diyot lazer; ErCr:Ysgg lazer; kemik;
sicaklik artisi; yumusak doku.
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Purpose A ¥
There is a lack of information regarding the dental patient’s point of view of oral Go!(han G.urler,
Cagn Delilbasi,

and maxillofacial surgeons (OMFSs). The aim of this study was to evaluate the
perceptions and preferences of a group of university dental hospital patients for .
OMFSs. Ipek Kacar

Materials and methods

This study was based on patients’ self-assessment using a questionnaire. A total
of 530 patients were enrolled for the study. The patients’ preferences regarding
the surgeons’ age, gender, religion, race and experience were determined and
compared statistically.

Results

A total of 506 questionnaires were considered as complete and used in the
analysis. Female patients preferred female practitioner more than male patients
did (p=0.002), but no significant difference was found between male and
female patients regarding preference for the age (p=0.464), ethnicity (p=0.926)
and religion (p=0.261) of the OMFS. The educational status of the patients did
not have an effect on the gender preference for the OMFS (p=0.114); however,
educational status significantly affected the preferences for the ethnicity and
religion of the practitioners (p=0.001).

Conclusion

Today patient expectations and perceptions take place in post graduate
education programs. In this study we determined a wide range of different
factors for choosing an OMFS. The diversity of these factors may affect the quality
of the health service and thus must be considered in determining the content of
oral and maxillofacial curriculum.

Keywords: Educational status; patient perception; patient preference; practitioner
gender; oral and makxillofacial surgeon

Introduction

Each medical practitioner has a unique personality profile depending
on his/her birthplace, cultural status, and living conditions, as well as fi-
nancial status. This variety of factors influences patients’ demands and
the service provided by the health care professionals; therefore, there ap-
pears to be a great challenge to deliver an effective and patient-sensitive
health service. A few studies have focused on the demographic details
of the medical and dental health care providers by considering patients’
preferences and perceptions. Patients’ preferences for their dentist main-
ly focus on the health care professionals’ ability to communicate, express
empathy, and manage pain. Other personal factors including gender,
age, ethnicity, and attire may also influence the patient’s perception (1-
8). Besides, the physical environment of the dental office or quality of the
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service given (timeliness, communication, following recent
scientific developments) may play a role in the patients’ de-
cision when choosing a dentist (1, 4, 5, 9). All of these afore-
mentioned factors may affect the patient’s decision or may
be perceived as reflecting the ‘quality of the dental service'
The quality of the health service is defined as a multifactorial
concept including patient safety, patient experience, access
and clinical effectiveness (1, 2, 5, 9). Standards and guidelines
regarding health service quality focus on patient oriented,
efficient and equitable facilities from which all patients can
benefit.

Recent studies have mainly focused on the qualifications
of general dentists; however, to our knowledge there is no
previous research regarding the interaction between the
patient and the oral and maxillofacial surgeons (OMFS). The
aim of this study was therefore to evaluate patients’ per-
ceptions of and preferences of OMFS in a university dental
hospital. The null hypothesis of the study is: OMFS related
variables have no effect on the patients’ perception and
preferences.

Materials and methods
Sample selection

This study used a randomized, experimental, be-
tween-subjects design to assess patients’ preferences and
perception of OMFSs. Ethical approval was obtained from
the istanbul Medipol University ethical committee (No:
108400987-75). Between the years of 2015 and 2016, a total
of 530 patients whom had been referred to oral and maxil-
lofacial department of istanbul Medipol University Dental
Hospital with an initial treatment plan indicating the need
for oral surgical procedures were randomly included in the
study. Subjects who are illiterate, undergoing psychiatric/
psychological therapy and/or psychiatric medication, un-
der 18 years of age and unwilling to participate in the study
were excluded.

Administration of the questionnaire

As our hospital is located in the center of Istanbul, it can be
considered an urban academic dental center. Patients were
randomly selected among those who had been given an ap-
pointment by the oral and maxillofacial surgery department
but not yet seen an OMFS. Consenting patients completed
the questionnaire in the waiting room prior to their first visit
to our clinic in order to prevent bias that may result from the
treatment outcome and from their impression of attendant
OMEFS. The multiple choice questionnaire consisted of three
sections. The first part included basic demographic informa-
tion about the participants; (i.e, age, gender, educational lev-
el). The second part included the presence of a dentist or an
OMFS in the family, and any history of oral and maxillofacial
surgical intervention. The third part consisted of questions
and statements to assess the patients’ preferences for, and
perceptions of an OMFS such as gender, age, race, religion,
professional experience and so on.

Statistical analysis

The study’s data were assessed using the IBM Statistical
Package for the Social Sciences (SPSS) Statistics 22 program
(IBM Corp.; Armonk, NY, USA). The compliance of the variables
with a normal distribution was assessed using the Shap-
iro-Wilks test. Descriptive statistical methods (mean, standard
deviation, frequency) were used and one-way Anova and
Tukey’s Honestly Significant Difference post-hoc test were
employed in the comparison of the quantitative data and
comparison of inter-group data. Student’s t test was used to
compare two groups showing a normal distribution. For the
comparison of the qualitative data, the X?test, Fisher’s exact
test and Yates Continuity Correction were used. The level of
p<0.05 was considered statistically significant.

Results

Twenty-four forms were excluded during the assessment
procedure due to incomplete questionnaires or patients’ vol-
untary withdrawal from the study. Consequently, 506 ques-
tionnaires were considered as complete and were used in
the analysis. The age range of the patients varied from 18-75
years with a mean age of 33.7+12.38 years. One hundred and
ninety-three patients were males (38.1%) whereas 313 were
females (61.9%). The educational background of the patients
was primary school graduate (n=128, 25.3%), high school
graduate (n=158, 31.2%), university graduate (n=197, 38.9%),
and postgraduate (n=23, 4.5%).

Eighty patients stated that there is a general dentist in their
family (15.8%), an OMFS (n=15, 3%), both (n=31, 6.1%), none
(n=344, 68%), or that had no idea (n=36, 7.1%). The majority
of patients previously had an oral and maxillofacial surgical
procedure (n=366, 72.3%), whereas others either had not had
such an operation (n=129, 25.5%) or did not remember at
that time (n=11, 2.2%) (Table 1).

Regarding the physical and professional features of an
OMEFS, 64 patients preferred a physically strong OMFS (12.6%),
419 (82.8%) preferred a staff OMFS (rather than a post grad-
uate student), 169 (33.4%) preferred an OMFS that was sug-
gested by the family or friends and 81 (16%) preferred a com-
petent OMFS whereas 22 (4.3%) could not decide (Table 2).

Fifty patients (9.9%) preferred a female OMFS, 77 (15.2%)
preferred a male OMFS, 357 (70.6%) stated they would ac-
cept both genders and 22 (4.3%) could not decide. When
the patients’ age preference for the OMFS was analyzed, 196
patients (38.7%) preferred an OMFS between 35-50 years
of age, 71 (14%) preferred an OMFS between 25-35 years of
age, 28 (5.5%) preferred an OMFS between 50-65 years of
age and two (0.4%) preferred over 65 years of age, whereas
188 (37.2%) declared that the age of the practitioner did not
matter and 21 (4.2%) were hesitant. Of all of the patients 341
(67.4%) indicated that the ethnic background of the OMFS
did not matter, 140 (27.7%) indicated that being of the same
ethnicity was an important factor in their preference for an
OMEFS, whereas 25 patients (4.9%) were hesitant. The religion
of the OMFS was not indicated to be an important factor by
some patients (=328, 64.8%), whereas others preferred an
OMFS of the same religion as their own (n=151, 29.8%) and
the other patients were hesitant (n=27, 5.3%) (Table 3).
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Table 1. Demographic characteristics of the patients and their previous experience towards oral and maxillofacial surgery

Age (years)
14-19 45 8.9
20-29 176 34.8
30-39 133 26.3
40-49 93 184
Over 50 59 1.7
Gender
Male 193 38.1
Female 313 61.9
Educational status
Primary school 128 253
High school 158 31.2
University 197 38.9
Post graduate 23 45
Any general dentist/OMFS in the family or among friends?
General dentist 80 15.8
OMFS 15 3
Both 31 6.1
None 344 68
No idea 36 7.1
Previously OMF surgical procedure?
Yes 366 723
No 129 255
No idea 11 22

OMFS: oral and maxillofacial surgeons

Table 2. Patients’ preferences for oral and maxillofacial surgeons

more, primary school graduates preferred an OMFS of the
same religion as their own (p=0.001).

n % There was no significant difference between male and fe-

Physically strong 64 12.6 male patients in terms of age preference for the practitioner
A university staff 419 828 (p=0.464). Regarding educational status of the patients, there
Suggested by the family or friends . . was. not a significant difference between. t.he education of the
patients and the preference for the practitioner’s age (p=0.07).

Middle aged competent 81 16 The gender of the patients did not significantly affect pref-
No idea 22 43 erence for a physically strong OMFS (p=0.698), a staff OMFS

(p=0.158), or a competent OMFS (p=0.636); however, female

There was a significant difference between male and female  patients preferred an OMFS that was suggested by the family

participants when considering the gender preference for an
OMFS. Female patients preferred a female practitioner more
than male patients did (p=0.002), but no significant differ-
ence was found between male and female patients consider-
ing the preference for the age (p=0.464), ethnicity (p=0.926)
or religion (p=0.261) of the OMFS.

The educational status of the patients did not make a dif-
ference in the gender preference for the OMFS (p=0.114);
however, their educational status did significantly affect
preference for the ethnicity and religion of the practitioners
(p<0.05). Primary school graduates significantly preferred an
OMFS of the same ethnicity as their own (p=0.001). Further-

or friends significantly more than males did (p=0.042). The ed-
ucation status of the patients did not significantly affect pref-
erence for a physically strong OMFS (p=0.813), or an OMFS
that was suggested by the family and friends (p=0.176); how-
ever, the preference rate for a competent OMFS (p=0.003)
or a staff OMFS (p=0.006) was significantly lower in primary
school graduates than in the other school graduates.

Discussion

The factors affecting a patient’s preference for a health
care provider may influence their health needs, quality of life,
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Table 3. Demographic characteristics of an oral and maxillofacial surgeons preferred by the patients

Practitioner’s gender

Female

Male

No difference

Hesitant
Practitioner’s age (years)

25-35

35-50

50-65

Over 65

No difference

Hesitant
Practitioner’s ethnicity

The same ethnicity

No difference

Hesitant
Practitioner’s religion

The same religion

No difference

Hesitant

n %

50 2.9
77 15.2
357 70.6
22 43
71 14.0
196 38.7
28 5.5

2 04

188 37.2
21 42
140 27.7
341 67.4
25 49
151 29.8
328 64.8
27 53

and satisfaction. The factors reported to be important when
choosing a doctor are the doctor’s competence, recommen-
dation from someone well-known to the patient, quality of
the service and interpersonal factors (1, 4, 10, 11). Patient
perception and satisfaction are becoming more crucial when
assessing the quality of the medical service provided. Patients
take into account a variety of factors when choosing a health
care provider (2, 12, 13). Patient satisfaction is multifactorial
and the demographic features of the dental practitioner influ-
ence the preference and perception of the patients. Various
factors have been investigated regarding patients’ preference
for doctors, including willingness to disclose information and
discuss symptoms and general aspects of the doctor-patient
relationship. Patients’ tendency to prefer same-sex practi-
tioners as well as their consideration of their ethnic back-
ground, communication skills, and experience are among the
most emphasized points. Satisfaction and trust are interrelat-
ed concepts; the more the patient is satisfied, the more they
trust the practitioner, thereby facilitating the performance of
medical treatment and reducing anxiety (1, 2, 6-9, 12).
Ungureanu et al. (1) investigated factors affecting den-
tal patients’ choice of dentists. The most mentioned factors
were the dentist's competence (22.22%), recommendation
from someone known to the patient (20.56%) and quality of
the service provided (19.72%). They applied their results to
modify dental curricula in order to train dental students in
a manner that will meet patients’ expectations and increase
patient satisfaction. The patient-doctor interaction should be
emphasized during professional graduate and postgraduate

education. In a study conducted among parents of orthodon-
tic patients, the parents showed a positive preference for or-
thodontists to wear formal attire or scrubs, to have controlled
hair, and to have a nametag, and preferred younger women
and older men (14). In our study, we did not evaluate patients’
preference for OMFS attire, but the physically strong appear-
ance of the surgeon did not influence the patients’ choice.

The same-gender preference for health care providers
among modern societies is relevant in up to 35% of patients
(15). In this study, female patients preferred a female OMFS
more than male patients did, which is probably due to better
communication skills or a closer relationship between wom-
en. Furthermore, the conservative and Islamic nature of the
general population may cause the hesitation of the female
patients for male doctors. A study by Smith et al. (16) con-
firmed our results that indicate that the preference for female
dentists by the patients may be attributable to empathy skills
and the more time they spend with their patients. An inter-
esting point is that it may be only female patients in our study
who preferred female practitioners more compared to males.
The general belief regarding female practitioners is that, they
have better personal and emotional skills and the patients
may participate more in consultations with female doctors (2,
3,10,12,16).

The practitioner’s age may influence the patient’s prefer-
ence, but there is a lack of evidence. Patients may prefer mid-
dle-aged or older practitioners because they feel that medical
experience increases with age (2, 5, 14). Another question that
needs to be answered is whether patients prefer practitioners
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who are a similar age to themselves. Two studies have report-
ed that patients prefer younger dentists which may be related
to their up-to-date knowledge and following of recent scien-
tific developments (12, 17).

One important issue in both the medical and dental health
service is the ethnic and religious disparities. In this study the
ethnic background of the practitioner included belonging to
a specific ethnic society or language differences. Research
studies suggest that patients are more satisfied if they have
the opportunity to choose their practitioner (6, 8, 10). There
is evidence that patient-doctor racial concordance exists to
some extent in medicine and dentistry. Geographical acces-
sibility, using the same language or socioeconomic status
may be factors that influence same race preference. In the
literature, it is suggested that patients particularly females
tend to prefer practitioners from the same ethnic group so
that they can communicate better and feel more relaxed (4-6,
8). The language and cultural concordance between the pa-
tient and practitioner is reported to be more important than
the gender of the practitioner (5). A practitioner with similar
values can be more reliable for the patients. In this study we
noticed that the educational status of the patients affected
their search for concordance with practitioners in terms of
their ethnic background and religious beliefs. The ethnic and
religious concordances were more important among primary
school graduates than other school graduates. This may be
due to an increase in conservatism and traditionalism that is
parallel with a decrease in the level of education. In a study by
Abghari et al. (18) it was indicated that a possible correlation
existed between the increasing education level of the patient
and the quality of training of their orthopedic surgeon. We
may assume that as the level of education increases, patients
have more demands related to quality and prestige, but those
who had a lower education seek for more conservative fac-
tors. Some research results suggest that empathy and com-
munication skills are also important for some patients besides
the race or gender of the practitioner (4, 19, 20). The cultural
competency curricula in postgraduate oral and maxillofacial
surgery education should be redesigned or initiated if it is not
present, taking into account the outcome measures of cultur-
al competency instructions and patients’ expectations.

Shah and Ogden (21) have emphasized that patients no
longer perceive practitioners only in terms of being health
care providers, but also consider the practitioner’s social
characteristics when making decisions. Patients preferences
for and perceptions of an OMFS may be important for estab-
lishing reliable and good patient-doctor relations. This trust-
based relation may enhance the quality of the health service
and help to meet the needs of the patients.

Conclusion

Oral and maxillofacial surgery comprises of a multidisci-
plinary approach that has both dental and medical compo-
nents.In some countriesitisincluded in only dental programs,
whereas in some countries both dental and medical degrees
are required. Both undergraduate and graduate medical ed-
ucation should focus on patients’ perception and preferences
to build reliable interaction between practitioners and pa-

tients. Communication skills gain importance in this aspect;
therefore, dental education programs need to be re-evaluat-
ed accordingly.
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Tiirk¢e 6z: Bir liniversite dis hastanesine basvuran hastalarin oral ve
maksillofasiyal cerrah algilari ve tercihleri. Amag: Dis hekimligi hastala-
rinin oral ve maksillofasiyal cerrahlar (OMFC) ile ilgili gdriislerine yonelik
veri eksiktir. Bu ¢calismanin amaci bir (iniversite dis hastanesine basvu-
ran bir grup hastanin OMFC ile ilgili algi ve tercihlerinin arastinlmasidir.
Gereg ve Yontem: Bu ¢alisma 6zel hazirlanmis bir anket kullanilarak
hastalardan elde edilen veriler (izerinde yapilmistir. Toplam 530 hasta
calismaya katildi. Hastalarin cerrahin yasi, cinsiyeti, dini, etnik kékeni ve
deneyimine yénelik tercihleri belirlenerek istatistiksel olarak karsilasti-
nildi. Bulgular: Toplam 506 anket tam kabul edildi ve degerlendirmeye
alindi. Kadin hastalar erkek hastalara gére daha fazla kadin cerrah
tercih etmekteydi (p=0,002) ancak, kadin ve erkek hastalar arasinda
cerrahin yasi (p=0,464), etnik kékeni (p=0,926) ve dinine (p=0,261) ilis-
kin anlamli bir tercih farki yoktu. Hastalarin egitim seviyesi ile cerrahi
cinsiyetine gére tercih etmek arasinda anlamli bir iliski yoktu (p=0,114);
ancak hastalarin egitim seviyesinin, cerrahin etnik kékenini ve dinini
dikkate alarak tercih etme agisindan anlamli etkisi bulundu (p=0,001).
Sonug: Glinlimiizde mezuniyet sonrasi egitim programlarinda hastala-
rin beklentilerine ve algilarina yer verilmektedir. Bu ¢calismada hastala-
rin OMFC se¢iminde pek ¢ok faktdriin etkili oldugu gériildi. Bu faktér-
lerin degiskenligi verilen saghk hizmetinin kalitesini etkileyebilmektedir
ve bu nedenle oral ve maksillofasiyal cerrahi egitim programinin icerigi
belirlenirken géz dniinde bulundurulmalidir. Anahtar kelimeler: Egitim
seviyesi; hasta tercihi; hasta algisi; hekim cinsiyeti; oral ve maksillofasi-
yal cerrah
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The effect of Hypericum Perforatum on wound healing of oral

mucosa in diabetic rats

Purpose

This study aims to investigate the histopathological and biochemical effects of
the topical application of Hypericum perforatum on the healing of surgical wounds
created in the oral mucosa of rats with experimentally induced diabetes mellitus.

Materials and methods

The study was carried out on 48 adult male Wistar albino rats. The animals were
divided into two main groups as control and study groups. Two main groups were
divided into three subgroups according to the sacrification days. All rats were given
streptozotocin 60 mg/kg, after 72 hours, and those having blood glucose levels
above 200 mg/dL were included in the study. Mucosal defects were created in the
palatal area of the rats. H. perforatum oil was applied topically twice a day to the
wounds of the rats in the study group. Animal were sacrificed on the 34, 7" and 10*
days and samples taken from the palatal wounds were examined histologically and
biochemically.

Results

On the 7t day, ulceration, necrosis, epithelialization, polymorphonuclear leucocytes
and hydroxyproline variables showed statistically significant differences (p<0.05).
Ulceration, necrosis and polymorphonuclear leukocytes values were higher in the
control group, whereas epithelialization and hydroxyproline values were found
to be higher in the H. perforatum group. Among 10"-day groups, there was only a
statistically significant difference between the values of hydroxyproline, whereas H.
perforatum-treated group showed high hydroxyproline levels (p<0.05).

Conclusion
Topically applied H. perforatum did not create any difference on the 3 day, but it
has positively affected the wound healing on the 7t and 10* days in diabetic rats.

Keywords: Diabetes mellitus; H. perforatum; oral mucosa; St. John’s Wort; wound
healing

Introduction

Wound healing is characterized by the unification of epithelial cells, en-
dothelial cells, inflammatory cells, platelets and fibroblasts, and the ful-
filment of their normal functions in a specific sequence and order. Many
people in the world are known to suffer from chronic wounds. There are
many systemic and local factors affecting wound healing. Diabetes mel-
litus is a chronic metabolic disease with negative effects on wound heal-
ing. Diabetes has the effect of reducing wound tension and hydroxyproline
levels. Problems encountered during wound healing in diabetic patients
include decreased cellular infiltration, granulation tissue, angiogenesis and
the amount and formation of collagens, resulting in increased infectious
complications. Even though the causes of these problems seen in diabetes
cannot be fully explained, hyperglycemia is generally held responsible for
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this situation. High blood glucose levels have been shown to
inhibit cell proliferation and collagen production. Moreover,
conditions such as the reduction of growth factors and fibro-
blast proliferation, apoptosis increase in wound tissue cells,
infections caused by the decrease in chemotaxis and phago-
cytosis, have shown to be adverse effects of hyperglycemia
on wound healing as well (1).

Plants have historically played an important role in the re-
covery of human health. Hypericum perforatum, a member
of the Hypericaceae family, has been considered a valuable
herbal medicine. This plant contains hyperforin, flavonoids
and hypericin (2). Olive oil extract of H. perforatum has long
been used both topically and orally as a homemade remedy
to treat cuts, burns, depression, haemorrhoids, diabetes and
gastrointestinal ulcers (3). Damlar et al. (4) reported that H.
perforatum improve bone healing in defects filled with bo-
vine-derived xenograft. The studies showed that H. perfora-
tum, increased collagen deposition, shortened the duration
of inflammation and stopped the migration of fibroblasts
during wound healing (5).

The aim of this study to investigate the histopathological
and biochemical effects of the topical application of H. perfor-
atum on wound healing in the oral mucosa of experimentally
induced diabetic rats. The null hypothesis tested in this study
is that the topical application of H. perforatum does not have
any histological and/or biochemical effect on the healing of
surgical defects created in the palatal mucosa of diabetic rats.

Materials and methods
Animals

This study was conducted with conformity approval from
the Animal Ethics Committee of Mustafa Kemal University
(No: 2014017), regarding the ethical treatment of animals.
48 adult male Wistar albino rats were used, with an average
age of 5 months and weight of 300-350 g. The experimental
animals were given water ad libitum and standard rat chow,
and they were kept in metal cages at room temperature, with
a 12-hour light/dark cycle. Streptozotocin (STZ) was used
to create experimentally induced diabetes. The dosage was
calculated as 60 mg/kg, and a single dose of STZ was intra-
peritoneally injected into each rat. 72 hours after the STZ
injection, blood glucose levels were determined from blood
samples taken from the tail vein. The rats with blood glucose
levels above 200 mg/dL were considered diabetic and those
below this value were excluded from the study. Forty-eight
rats were randomly divided into 2 groups of equal numbers
as the study and control groups. H. perforatum oil was applied
topically to rats in the study group two times daily, whereas
the wound healing of rats in the control group was followed
without any intervention. The animals were sacrificed on the
34, 7% and 10" day with cervical dislocation.

Surgical procedure
Prior to wound formation, the rats were anesthetized by in-

tramuscular injection of 30 mg/kg ketamine-HCL and 5 mg/
kg xylazine HCL. Next, 4-mm mucosal defects were created

with round, stainless steel blades designed for punch biopsy
in the palatal area of each rat (Figure 1). Following bleeding
control, the wounds were left for secondary healing. The first
day of formation of the wounds was recorded as day zero.

Preparation of traditional Hypericum perforatum oil

Natural H. perforatum flowers were collected, from Camliyay-
la, Mersin, dried and pulverized, and 50 g of H. perforatum was
placed in a transparent glass jar containing 500 mL of olive oil.
This jar was kept in the sunshine for 4 weeks during summer
for 12 hours a day (3). It was observed that the red dye of the
herb diffused into the olive oil. Gas chromatograph-mass spec-
trometer (GC-MS) and high-performance liquid chromatogra-
phy (HPLC) (Shimadzu QP2010 Ultra, Kyoto, Japan) were used
for analysis of the components of Hypericum perforatum oil
extract. Results were compatible with previous studies (6, 7).
Naftodiantron (0.06-0.4%), phenylpropanes (<1%), flavonoids
(2-4%), proanthocyanidins (2-4%), phloroglucinols (0.2-4%)
and biflavons represent the main components of this plant. The
essential oils were listed as palmitic acid (17.61%), cyclopenta-
decanone, 2-hydroxy- (66.75%), heneicosane (2.27%) and cy-
clopropaneoctanoic acid (2.53%).

Histopathological evaluation

From all groups, samples of full thickness mucosa were col-
lected from palate wound formations on the 3, 7t and 10*
day, including robust tissue of 1 x 1 cm. The samples were
fixed in 10% formalin solution for 48 hours and embedded
in paraffin. The prepared slides were stained with hematox-
ylin-eosin and evaluated by light microscopy for monitoring
inflammatory changes in the healing wounds and to examine
the morphology. Histopathological analysis was performed
at the Department of Pathology, Mustafa Kemal University by
a single blinded examiner. Ulceration, necrosis and epitheli-
alization variables were evaluated as present (1) and absent
(0), whereas oedema, polymorphonuclear leukocytes (PNLs),
mononuclear cells (MNLs), fibroblasts and vascularization
were scored and evaluated as absent (0), low (1), moderate
(2) or severe (3).

i Mo i

Figure 1. Rat palatal wound after surgery.



The effect of H. Perforatum on wound healing

145

Biochemical examination

The hydroxyproline determination on the palate sam-
ples from the 3, 7t and 10* days was performed by partly
modifying the method that was described by Woessner (8).
In this method, chloramine T is neutralized with perchloric
acid prior to reaction with p-dimethylaminobenzaldehyde
(Ehrlich’s reagent). The tissue samples were mixed with 1 mL
buffered chloramine T reagent and incubated for 20 min at
room temperature. Then, 1 mL perchloric acid was added and
the mixture was incubated for a further 5 minutes at room
temperature before addition of 1 mL Ehrlich’s reagent. The
mixture was heated for 20 minutes at 60°C, cooled, and then
absorbance was determined at 550 nm. The hydroxyproline
concentration (1 mg/mLin 1 mM HCI) was determined.

Statistical analysis

IBM Statistical Package for the Social Sciences Statistics for
Windows, version 20.0 (IBM Corp.; Armonk, NY, USA) was used
for statistical analysis of the data. Mean, standard deviation,
median and frequency were used for descriptive statistics.
The consistency of the variables with normal distribution as-
sumptions were tested with the Shapiro-Wilks test. In a gen-
eral comparison of measurements of the groups with normal
distribution, Student'’s t-test was used. The Mann-Whitney U
test was used to compare abnormally distributed variables.
Evaluation of categorical variables was performed with the
chi-square test. Confidence interval was set to 95% and p val-
ues less than 0.05 were considered as statistically significant.

Results

The results of the statistical analysis showed that on the 3™
(Figure 2) and 10% days, no statistical difference between the
two groups was found in any of the variables evaluated by
histopathologic examination. On the 7t" day, necrosis, epithe-
lialization, ulceration and PNL parameters showed statistically
significant differences (p<0.05) (Figure 3). It was found that
the ulceration, necrosis and PNL values of these variables
were higher in the control group, whereas the epithelializa-
tion value was found to be higher in the H. perforatum-admin-
istered group (Table 1).

On the 3" day, no statistically significant difference be-
tween the two groups was found for the hydroxyproline level
assessed by biochemical analysis (p>0.05). On the 7*"and 10t
days, the comparison between groups showed statistically
significant differences (p<0.05). It was found that the amount
of hydroxyproline was higher in the H. perforatum-adminis-
tered group on the 7tand 10* days (Figure 4).

Discussion

H. perforatum, which is commonly used to accelerate the
healing of burns and wounds, has been proven to have a
positive effect on wound healing (5,9,10). In the literature, no
studies were found about H. perforatum regarding its effect on
wound healing in the oral mucosa in the presence of diabetes
mellitus. The biologically active compounds in the structure

of this plant can be listed as naftodiantron, phloroglucinol,
flavonoids, biflavons, phenylpropane and proanthocyanidins.
These active compounds were examined separately but; our
study has investigated the traditional use of H. perforatum
rather than the separate effects of these substances.

H. perforatum accelerates the migration of fibroblasts,
shortens the period of inflammation, increases the collagen
deposition and induces better epithelialization (5,11). Howev-
er, in diabetes mellitus, studies showing the effect on wound
healing are limited. Yadollah-Damavandi et al. (12) reported
the number of fibroblast cells increased in diabetic rats that
were treated with H. perforatum compared to the control
group. Farsak et al. (13) claimed H. perforatum and olive oil de-
creased the oxidative stress in the diabetic tissue permitting
better healing. In our study, topical application of H. perfora-
tum positively affected the wound healing in experimentally
induced diabetic rats on the 7t day. We determined a statis-
tically significant decrease in the 7"-day H. perforatum group
compared to the control group regarding necrosis and ulcer-
ation variables.

Rao et al. (14) compared the effectiveness of H. perforatum
and Calendula plants in a study conducted on albino rats. At
the end of the study, the group treated with H. perforatum
completed epithelialization in 15 days, whereas this duration
was 16.5 days in the group treated with Calendula. Lavagna et
al. (10) investigated the effect of the combined use of Calen-
dula and H. perforatum oils (30:70 ratio) in a study conduct-
ed on 24 female patients who had given birth by caesarean
section. They found a significant reduction in wound surface
area compared to the control group. Suntar et al. (5) reported
in an in vivo study on wound healing that H. perforatum had
positive effects on epithelialization. In the present study, the
results obtained on the 7" day were statistically significant.
Accordingly, the level of epithelialization in the topical H. per-
foratum-administered group was higher. Our results showed
that the topical administration of H. perforatum increased ep-
ithelialization in experimentally induced diabetic rats.

Menegazzi et al. (15) reported that the methanol extract of
H. perforatum has anti-inflammatory effects. Hammer et al.
(16) have proven in vitro that flavonoids, such as hyperforin
and pseudohypericin along with amentoflavone and quer-
cetin, are active anti-inflammatory components of the plant.
Hypericum species lead to faster and better wound healing
through active antibacterial components, such as hyperforin
and flavonoids (17). Flavonoids are antioxidant compounds
that are effective in prevention of cell damage and inhibition
of lipid peroxidation. These compounds allow a reduction in
cell damage and an increase in vitality of collagen fibrils (18).
It was found that aqueous suspensions of H. perforatum teas
are antimicrobially effective against gram-positive bacteria,
and especially against methicillin-resistant Staphylococcus
aureus species (19). In the present study, we evaluated the
number of PNLs and MNLs to examine the anti-inflammatory
effects of H. perforatum. Our findings also showed that H. per-
foratum shortened the duration of inflammation and anti-in-
flammatory effects. On the 7" day, we detected lower levels
of PNLs and MNLs in the H. perforatum-administered group.
There was a statistically significant difference between the
groups in terms of PNL levels. Therefore, we suggest that H.
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Figure 2. a, b. Mucosal tissue samples taken at 3 day post-surgery. H. perforatum group (a) and control group (b). ulceration (¥), bacterium coloni-
zation () on the surface and leukocytes dominant, severely mixed inflammation (*) (H&E stain X200 and X100).

y ' -
et
Jf fe‘,.# "‘}-‘

Cealo AL N - PR
Figure 3. a, b. Mucosal tissue of the 7" day H. perforatum group (a) and control group (b). ulceration (¥), bacterium colonization (F) and medi-
um-density, mixed type cell inflammation (*¥) is present. (H&E stain X100 and X200).

Figure 4. a, b. Mucosal tissue of the 10" day H. perforatum group (a) and control group (b). Underneath the epithelium, chronic inflammation and
inflammatory granulation tissue (*) is present (Hematoxylin-Eosin stain X100 and X200).

perforatum has anti-inflammatory effects on wounds in the  ous studies, hyperglycaemia occurring during diabetes has
presence of diabetes mellitus, as well as on normal wounds. been shown to have adverse effects on the vascularisation

Delayed wound healing in diabetic organisms may be  (20). However, a consensus has not been reached regarding
due to insufficient formation of new blood vessels. In previ-  the effects of H. perforatum. Castro et al. (9) reported that the
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Table 1. The results of statistical analysis of histopathological and biochemical variables

3 day 7th day 10t day
HP group Control p HP group Control p HP group Control p
(n=8) group (n=8) (n=8) group (n=7) (n=8) group (n=7)
Ulceration 0.750+.462  0.875+.353 0.519 0.375+£.517  0.857+.377  0.049* 0.00+.000 0.14+.377 0.205
Necrosis 0.500+.534  0.500+.534 1.000 0.125+.353  0.714+.487 0.016* 0.00+.000 0.00+.000 1.000
Epithelialization  0.250+.462  0.125+.353 0.519 0.625+.517  0.142+.377 0.049* 1.00£.000 0.85+.377 0.205
Edema 1.250+£.462  1.625+.517 0.143 1.250+£.462  1.142+.377 0.617 1.25+.462 1.42+.534 0.480
PNL 1.625+£1.187 1.250+.707 0.397 0.875+£1.125 2.142+1.069  0.039* 0.62+.744 0.28+.487 0.350
MNL 2.000+.000  2.000+.000 1.000 1.625+.517 2.000£1.154  0.293 1.37+£.517 1.57+.534 0.462
Fibroblasts 2375517  2.500+.534 0.626 2.625+517  2.857+.377 0.327 2.50+.534 2.4286+.534 0.789
Vascularization 2.250+.462 2.500+.534 0.317 2.500+.534 2.714+.487 0.414 237517  2.2857+.487 0.724
Hydroxyproline  18.70+.766  18.49+.937 0.205 25.25+.854  19.87+.967 0.001*  28.17+1.249 20.19+.829 0.001*

*p<0.05; HP: Hypericum perforatum; PNL: polymorphonuclear leukocytes; MNL: mononuclear cells

vascularisation was more frequent in their H. perforatum-ad-
ministered group and it was observed that the formation of
blood vessels was more extensive. Schempp et al. (21) report-
ed that hyperforin, which is an active substances in H. perfor-
atum, is an inhibitor of angiogenesis. Suntar et al. (5) observed
in their study that H. perforatum had no effect on new blood
vessel formation or proliferation of fibroblasts. They reported
that the positive effect of H. perforatum on wound healing is
caused by fibroblast migration and collagen deposition. We
have found in our study that topical administration of H. per-
foratum has no effect on vascularisation.

Collagen synthesis, which is one of the most important
events in wound healing, slows down and decreases in di-
abetic organisms (22). Oztiirk et al. (23) suggested that the
positive effect of H. perforatum on wound healing is caused
by fibroblastic activity and increased collagen synthesis, in an
in vitro study on embryonic chicken fibroblasts. Castro et al.
(9) administered H. perforatum and Arnica montana on skin
wounds in a study conducted on Wistar rats. The results in-
dicated that this administration had a positive effect on the
formation of new tissue compared to the control group, and
the number of formed blood vessels along with the percent-
age of mature collagen fibres was higher. In our study, the
difference between hydroxyproline values among the 7*"-day
and 10™-day groups was statistically significant. However, the
fibroblast level, which is one of the parameters of histopatho-
logical examination, did not support this conclusion. With re-
spect to the number of fibroblasts, there was no significant
difference between the groups on the 34, 7t and 10* days.
Biochemically, based on the fact that hydroxyproline deter-
mination is an objective method, we can say that topical H.
perforatum administration mitigates the decrease seen in
collagen synthesis for diabetic organisms, and affects wound
healing positively with the occurring increase.

In diabetes mellitus, in which wound healing is adversely af-
fected, the problems observed in wound healing can be listed
as decreased cellular infiltration, angiogenesis, granulation tis-
sue, collagen amount and organization, along with increased
infectious complications (1). Although the causes of this prob-
lem seen in diabetes cannot be fully explained, hyperglycaemia

is generally held responsible. Arokiyaraj et al. (24) reported that
the oral use of ethyl acetate extract of H. perforatum has anti-hy-
perglycaemic activity in rats, which were made diabetic with
STZ. Husain et al. (25) reported in an animal study conducted
on type 2 diabetes that a daily oral intake of 300 mg/kg of H.
perforatum had the same effect as a daily intake of 10 mg/kg
of glibenclamide, which is a potent hypoglycaemic agent. Can
et al. (26) reported in their study, which investigated the effect
of H. perforatum on blood glucose levels, that the plant has an-
tidiabetic effects and this is caused by the flavonoids found in
it. In a similar study, Kamalakkannan et al. (27) found that orally
administered flavonoids had anti-hyperglycaemic and antioxi-
dant effects on rats that were made diabetic with STZ. In terms
of response to wound healing, it is observable that the topical
and oral use of the same drug can give different results (28). As
we used topical administration in our study, in which we saw
the positive effects of H. perforatum oil for wound healing on
the oral mucosa of diabetic rats, we believe that further studies
should be conducted to be able to conclude that the positive ef-
fect on wound healing as mentioned in the literature is a result
of the anti-hyperglycaemic effect, which occurs systematically.

Conclusion

Within the limitations of this experimental study, it can
be concluded that the topical application of H. perforatum
demonstrated positive effects on the healing of surgical de-
fects created in the palatal mucosa of diabetic rats at 7" and
10* days.
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Tiirkg¢e 6z: Diyabetik sicanlarda kantaronun (Hypericum perforatum)
adiz mukozasindaki yara iyilesmesine etkisi. Amag: Bu ¢alismanin ama-
¢l H. perforatum’un (kantaron) topikal olarak uygulanmasinin, deneysel
olarak diyabet olusturulmus sicanlarda agiz mukozasindaki yara iyiles-
mesine etkilerinin histopatolojik ve biyokimyasal olarak arastinimasidir.
Gereg¢ ve Yontem: Calismada 48 adet, erkek, 5 aylik Wistar Albino rat
kullanildi. Deney hayvanlari ¢alisma ve kontrol grubu olmak lizere, 24 si-
¢andan olugan 2 ana gruba aynildi. Ana gruplar hayvanlarin sakrifiye edi-
lecegi glinlere gore li¢ alt gruba ayrildi. Tiim ratlara 60 mg/kg dozunda
streptozotosin verildi. Yetmis iki saat sonra yapilan él¢iimlerde kan glikoz
seviyesi 200 mg/dL’nin lizerinde olanlar ¢alismaya dabhil edildi. Sicanlar-
da damak bélgesinde mukozal defektler olusturuldu. Calisma grubunda
yaraya kantaron yad, topikal olarak giinde iki defa uygulandi. Kontrol
grubundaki siganlarin yara bélgelerine herhangi bir uygulama yapilma-
di. Sakrifiye edilen tiim ratlarda damakta olusturulan yaralardan 3., 7. ve
10. glinlerde drnekler alindi. Alinan drnekler histopatolojik ve biyokim-
yasal olarak incelendi. Bulgular: Yapilan istatistiksel analiz sonucunda
3. gtin gruplan arasinda anlamli bir fark gériilmedi. 7. glinde ise nekroz,
polimorfonlikleer I6kosit, epitelizasyon, tilserasyon, ve hidroksipirolin de-
giskenlerinde istatistiksel olarak anlamli farklilik bulundu (p<0,05). Bu de-
giskenlerden nekroz, lilserasyon ve polimorfontikleer I6kosit degerlerinin
kontrol grubunda yiiksek oldugu; epitelizasyon ve hidroksipirolin deger-
lerinin ise kantaron uygulanan ¢alisma grubunda daha yiiksek oldugu
tespit edildi (p<0,05). Onuncu gtin gruplar arasinda sadece hidroksipiro-
lin degerleri arasinda anlaml bir fark tespit edilmis olup, kantaron uygu-
lanan grupta hidroksipirolin seviyesinin ytiksek oldugu gériildti (p<0,05).
Sonug¢: Bu ¢alisma deneysel olarak diyabet olusturulmus sicanlarda
topikal olarak uygulanan Hypericum perforatum’'un 3. giinde herhangi
bir farklihk olusturmasa bile 7. ve 10. glinlerde yara iyilesmesini olumlu
yénde etkiledigini gdstermistir. Anahtar kelimeler: Diyabet; Hypericum
perforatum; kantaron; agiz mukozas; yara iyilesmesi
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Clinical evaluation of dental enamel defects and oral findings

in coeliac children

Purpose

To examine dental hard and soft tissue changes of coeliac children in order to
increase the awareness of the pediatric dentists in prediagnosis of especially
undiagnosed coeliac disease.

Materials and methods

Sixty children, 28 (46.7%) boys and 32 (53.3%) girls whose ages were between 6 to
16 years were included in the present study. Thirty children who had undergone
endoscopy and diagnosed with the coeliac disease in the Sisli Hamidiye Etfal
Hospital, istanbul, Turkey, formed the study group. Also, thirty children clinically
suspected of having the coeliac disease with the same gastrointestinal complaints
had undergone endoscopy and proven not coeliac were chosen as the control group.
Oral examination involved assessment of dentition and specific and unspecific
dental enamel defects. Also, soft tissue lesions, clinical delay of the dental eruption,
salivary flow rate, pH, and buffering capacity were examined.

Results

Twenty coeliac patients had enamel defects, however none in the control subjects.
In the coeliac group, all enamel defects were diagnosed in permanent teeth and as
specific in all children. Grade | dental enamel defects found mainly in the incisors.
The clinical delayed eruption was observed in 10 (33.3%) of 30 coeliac children and
none of the children in the control group. While the level of DMFT/S numbers and
stimulated salivary flow rate were found significantly lower in the coeliac group, pH
was found significantly higher.

Conclusion
Oral cavity may be involved in coeliac disease and pediatric dentists can play an
important role in the early diagnosis of the coeliac disease.

Keywords: Caries; coeliac disease; dental enamel defects; dental eruption; recurrent
aphthous stomatitis

Introduction

Coeliac disease is a systemic immune-mediated primary small bowel
disease characterized by inflammation in the small intestine mucosa and
submucosa, often accompanied by malabsorption, which results in hyper-
sensitivity to gluten found in cereal and cereal products. Coeliac disease
is sometimes called gluten-sensitive enteropathy or celiac sprue. Clinical
findings have improved with the removal of gluten from the diet (1, 2). Glu-
ten is an insoluble protein found especially in wheat, barley, oats, and rye
and reacts with alcohol, resulting in a molecule called gliadin. Although the
mechanism of gliadin damage to the small intestinal mucosa is not fully
understood, environmental and immunological factors in genetically sus-
ceptible individuals initiate disease (1, 3). Typical clinical features of the co-
eliac disease include malabsorption, chronic diarrhea, abdominal pain, and
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weight loss. However, many cases are asymptomatic and do
not show gastroenterological symptoms (4, 5). The oral cavity
which is the entrance of the gastrointestinal tract is also af-
fected in individuals with the coeliac disease, it can be easily
examined and has a great prospect for early detection of co-
eliac disease. Dental enamel defects, recurrent aphthous sto-
matitis (RAS), dermatitis herpetiformis, Sjogren’s syndrome
and oral lichen planus have been reported in patients with
coeliac disease (4-6). Dental enamel defects were first report-
ed by Aine (7). Enamel defects are due to genetic factors that
cause hypocalcemia-induced or glutamine-dependent spe-
cific immunological response. In addition, enamel hypoplasia
may also occur due to malnutrition and vitamin D and A defi-
ciency (8-10). The association of oral lesions with coeliac dis-
ease is controversial but it is thought to be the indirect effect
of malabsorption (11). Based on this previous information, the
null hypothesis of this study is that the dental enamel defects,
oral diseases, and mouth dryness are not common in children
with coeliac disease when compared to children having simi-
lar gastrointestinal complaints but not having coeliac disease.

Materials and methods
Study groups

All parents of the patients gave informed written consent
for the participation of their children in the study, all study
protocols were also approved by the Marmara University, In-
stitute of Health Sciences Non-invasive Clinical Research Stud-
ies Ethics Committee (26.11.2013-1). Sixty children, 28 (46.7%)
boys and 32 (53.3%) girls with ages between 6-16 years (mean
age=12.76 £3.08 years) from January 1, 2014 to December 31,
2014, living in istanbul, Turkey during that entire time period
were included in this study. Thirty children had undergone en-
doscopy diagnosed with the coeliac disease who attended to
the gastroenterology unit of the Sisli Hamidiye Etfal Hospital,
istanbul, Turkey, formed the study group. Also, thirty children
clinically suspected of having the coeliac disease with the same
gastrointestinal complaints had undergone endoscopy and
proven not coeliac were chosen as the control group.

Inclusion criteria

The study group consisted of children whose ages were
between 6 to 16, whose caregivers consented and endo-
scopically proven to have coeliac disease. The control group
consisted of children having the same complaints with the
coeliac group, willing to give consent, and endoscopically
proven not to have coeliac disease (12, 13).

Exclusion criteria

Exclusion criteria for the study and control groups were not
having a definite diagnosis about the presence or absence of co-
eliac disease. Children whose first permanent incisors and molars
were not yet totally erupted and children with fixed orthodontic
treatment were also removed from the study. Furthermore, co-
eliac children, who previously followed a gluten-free diet for a
period of one year or more, were excluded from the study (14).

Gastric examination

Endoscopy was performed with a gastro-duodenoscope
(Olympus” GIF-XP 150N, Tokyo, Japan) to children attending
the gastroenterology unit of the Sisli Hamidiye Etfal Hos-
pital. Biopsy forceps were sterilized and endoscopes were
fully disinfected before and after each examination. Diag-
nosis of coeliac disease was based on European Society for
Paediatric Gastroenterology, Hepatology, and Nutrition cri-
teria (15).

Demographic questionnaire

A detailed medical history was taken from all children.
Questions about use of medication, comorbidities for dental
enamel defects (fluoride exposure, premature birth, fall on
the front teeth, diabetes mellitus, long period of high fever,
icterus, antibiotic use), history of coeliac disease among fami-
ly members, frequency of daily toothbrushing (none or irreg-
ular, 1 or more per day), sugar intake (none or several times
per week, at least once a day), education status of mothers
and fathers (primary school, high school) and socioeconomic
status of the family (low income< 3000%, high income>3000%)
were asked to parents of children participating in this study.
The questionnaire was validated statistically and created ac-
cording to previous studies (14, 16-18).

Oral examination

All children were clinically examined in order to assess
their dental status. They have all brushed their teeth before
the examination. The clinical measurements were recorded
by one examiner. Oral examinations were done before en-
doscopy procedure without knowing whether the children
were coeliac or not. The teeth were air dried using the porta-
ble dental equipment and examined with the help of a dis-
posable mirror for the presence of dental defects (19). Both
specific and unspecific defects were screened on the buccal
surfaces of primary and permanent teeth. Enamel defects
were classified as unspecific if only one tooth was affected
on one side of the dentition. Specific defects had to be sym-
metrical, involving the same teeth in both hemiarches. Clas-
sification of specific enamel defects were evaluated accord-
ing to Aine was shown in Table 1 (20). Also, oral examination
involved assessment of dentition involving the number of
teeth and carious teeth. Dental caries were diagnosed at
the tooth surface level according to the WHO criteria (21).
To determine the DMFT/dmft indices, the total numbers of
decayed, missing, and filled teeth were calculated. Soft tis-
sue lesions (presence of RAS, geographical tongue, angular
cheilitis, atrophic glossitis) and clinical delay of the dental
eruption were also examined (14, 22, 23). Oral mucosal sur-
faces including tongue, lips, palate and their mucosa were
observed (24). RAS was detected as recurrent, round, small
ulcers with circumscribed margins, erythematous halos and
yellow or gray floors (25). Minor RAS lesions are round ulcers
less than 10 mm in diameter, major lesions are clinically sim-
ilar to the minor but are larger than 10 mm in diameter and
more persistent (26).



152

Aksit Bicak et al.

Table 1. Classification of systematic and chronological enamel defects, according to Aine (12, 20)

Classification Enamel Defect

Single or multiple cream, yellow or brown opacities with clearly defined or diffuse margins; in addition a part or the entire

Enamel surface rough, filled with horizontal grooves or shallow pits, light opacities and discolorations may be found; in

A part or the entire surface of enamel rough and filled with deep horizontal grooves that vary in width or have large

The shape of the tooth has changed: the tips of cusps are sharp-pointed and/or the incisal edges are unevenly thinned and rough;
the thinning of the enamel material is easily detectable and the margins of the lesions are well defined; the lesion may be strongly

Evaluation of salivary flow rate, pH, and buffering capacity

After chewing paraffin wax gums, the children were re-
quested to spit for 5 minutes in order to detect stimulated
salivary flow rates. Salivary pH was measured with the pH
meter (Thermo Scientific™ Orion™ 3-Star Benchtop pH Meter,
Thermo Fisher Scientific Inc. Waltham, MA, USA) and the buff-
ering capacity was measured using Ericsson method from all
subjects participated in this study (27, 28). All the tests in the
study were carried out by a specialist.

Grade 0 No defect
Grade | Defect in colour of enamel.
surface of enamel is without glaze.
Grade I Slight structural defects.
addition a part or the entire surface of enamel is without glaze.
Grade lll Evident structural defects.
vertical pits; large opacities of different colours or strong discolorations may appear in combination.
Grade IV Severe structural defects.
discolored.
Table 2. Grading of enamel defects in coeliac group, according to
classification of Aine (20)
Systematic Defect Grades n (%)
No 10 333
| 14 46.6
Il 6 20.0
I} 0 0.0
\% 0 0.0
Total 30 100.0

Figure 1. Grade Il enamel defects: rough enamel surface with patchy
symmetric opacities and discolouration.

Figure 2. Grade | enamel defects: multiple white and cream opacities
with clearly defined margins.

Statistical analysis

IBM Statistical Package for the Social Sciences Statistics 22
program (IBM Corp.; Released 2013. IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY, USA) was used for sta-
tistical analysis. The normal distribution of the variables was
evaluated by the Shapiro-Wilk test. Student t test was used
for the comparison of two groups with normal distribution,
and Mann-Whitney-U test was used for the comparison of
two groups with non-normal distribution. Chi-square test,
Fisher’s Exact Chi-square test, and Pearson Chi-square tests
were used for the comparison of categorical data. Signifi-
cance was assessed at p<0.05 level. Sample size was calcu-
lated with power analysis prior to the study. With 80% tar-
geted power and 0.05 confidence level, using the previous
literature, 28 individuals had to be enrolled in each group.
To ensure the statistical power, 30 children were included in
each group.

Results

In total, 60 subjects were enrolled in this study were be-
tween 6 to 16 years of age. Twenty-five (41.6%) children were
in mixed dentition and 35 (58.3%) children were in perma-
nent dentition. Fifty percent of coeliac children (15/30) were
typical, 46.7% of them were atypical and the rest of them
(3.3%) were asymptomatic and the mean diagnosis age of
the disease was 7.23+4.32 years. Four (13.3%) children had a
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family member suffering from the same disease. There were
no differences between coeliac and control groups in mean
age, gender distribution, height, body mass and the presence
of comorbidities. Twenty coeliac children had enamel defects
while the control subjects had none. In the coeliac group, all
enamel defects were diagnosed as specific and located on the
permanent teeth. The most frequently seen dental enamel
defects among coeliac children were in Grade I. Grade | was
found in 14 (46.6%) and Grade Il was found in 6 (20%) of coe-
liac patients (Table 2), (Figure 1, 2).

Grade Ill and IV were not observed in the current study.
Enamel defects were found mainly in the incisors. The loca-
tion and frequency of the specific enamel defects are given
in Table 3.

The clinical delayed eruption was observed in 10 (33.3%)
coeliac children. Delay of the eruption was found none of the
children without the coeliac disease. The difference was sta-
tistically significant (p<0.05). The overall prevalence of RAS
was 5 (16.6%) in control group and none in the coeliac group.
The difference was not significant between groups (p>0.05).
While the level of DMFT/S numbers and stimulated salivary
flow rate was found significantly lower in the study group, pH
was found significantly higher. The consumption of sugar in
the control group was more than the coeliac group (p<0.05).
The level of dmft/s numbers and the mean buffering capacity
scores did not differ significantly between study and control
groups. Oral findings among coeliac and control groups are
shown in Table 4.

The frequency of daily tooth brushing did not differ sig-
nificantly between coeliac and control groups. The sugar
consumption frequency of 16 (53.3%) children in the control
group were at least once a day, however, it was found in 5
(16.7%) children in the coeliac group. The influence of fam-
ily income did not significantly contribute to the study and
control groups. Mother’s and father’s education levels of the
coeliac group were found higher than the control group.

Discussion

Coeliac disease is a common disorder affecting both chil-
dren and adults. As many people with the disease do not
present gastrointestinal symptoms, delays in diagnosis are
very common and cause malignancies (29). In our report,

we evaluated the prevalence of dental enamel defects, RAS,
some oral and demographic parameters in patients with di-
agnosed coeliac diseases, and compared the results with
subjects without coeliac disease. Mean age of diagnosis was
7.23+4.32 years in this study. Aguirre et al. (30) diagnosed the
coeliac disease in the first 2 years of life in 64% of all the cas-
es which was earlier than our study. Mina et al. (25) did not
observe dental defects in coeliac children who had been di-
agnosed as coeliac at around 1 year old. Early introduction
of gluten-free diet might have prevented the disturbances of
dental enamel mineralization. Even though coeliac children
had gluten-free diet immediately after diagnosis, late diag-
nose might have led to disturbances in the permanent den-
tition. Acar et al. (31) detected the mean diagnosis age as 9.5
years in coeliac patients with enamel defects and 7.8 years in
coeliac patients without enamel defects.

Although our study did not show any enamel defects in
the control group and unspecific defects in the coeliac group,
the greater number of systematic enamel defects in coeliac
children demonstrated that enamel hypoplasia was more fre-
quent in coeliac children than the control group. The enam-
el defects in the present study were generally symmetrical
and mostly seen in anterior teeth. Similar observations were
reported in previous studies (5, 7, 12, 17, 19, 24, 32- 36) and
only some studies (6, 37) contradicted the present findings.
Similarly, Acar et al. (31) demonstrated enamel defects in 14
(40%) of 35 coeliac patients, while 21 of the coeliac patients
did not have any defect. Also, none of the subjects in the con-
trol group had enamel defects. This finding showed that the
dental enamel defects occurred significantly more often in
coeliac patients.

Table 3. Location of systematic enamel defects in coeliac group

Location of enamel defects n %

Incisors 17 53.4%
Incisors&canines 2 6.7%
Molars 1 3.3%
Incisors&molars 1 3.3%
No defects 10 33.3%
Total 30 100%

Table 4. Oral findings in coeliac and control groups

Study group (n=30)

Mean SD Med Min Max
DMFT 4.48 3.67 4.00 0.00 12.00
DMFS 6.20 6.74 4.00 0.00 23.00
dmft 2.84 1.99 2.00 0.00 6.00
dmfs 5.76 5.19 5.00 0.00 18.00
Salivary flow fate 3.65 2.08 3.50 0.50 9.50
Buffering capacity 5.99 0.55 6.10 4.62 6.73
Saliva pH 7.99 0.46 7.97 6.91 8.85

Control group (n=30)

Mean SD Med Min Max p
6.77 443 6.50 0.00 20.00 0.035
8.96 8.75 7.00 0.00 45.00 0.043
233 283 1.00 0.00 8.00 0.295
4.08 5.59 1.50 0.00 15.00 0.147
7.46 3.13 6.50 3.50 20.00 <0.001
5.87 0.44 5.99 474 6.55 0.228
7.34 0.25 7.32 6.95 7.97 <0.001

p<0.05 significant difference between groups

SD: standard deviation; DMFT/S: decayed, missing and filled permanent teeth/surfaces; dmft/s: decayed, missing, and filled primary teeth/surfaces
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According to Aine’s classification; Grade | was found in 14
(46.6%) and Grade Il was found in 6 (20%) of 30 coeliac chil-
dren. Grade lll and IV were not observed in the current study.
The findings of our study was found to be in accordance with
those of Aguirre et al. (30) and Avsar et al. (17). In the study
of Costacurta et al. (16) 80% of enamel defects were classified
as Grade |, 15% Grade I, 3% Grade lll, and 2% Grade IV. Cheng
etal. (38) reported that dental enamel defects of children dis-
tributed as 14% Grade |, 53% Grade I, 19% Grade Ill and 11%
Grade IV. Campisi et al. (5) reported dental enamel defects as
87% Grade |, 11% Grade Il and 4% Grade IV. In the study of
Aine et al. (7) 30% of coeliac children had grade IlI-IV defects.
Differences in the severity and diagnosis age of coeliac dis-
ease, time to start and compliance to gluten-free diet, type of
population studied might be responsible for the different re-
sults in the studies. Enamel defects were found mainly in the
incisors (53.4%) also they were symmetric and chronologic in
the current study. According to Aine (20); the central incisors
are always affected in children with coeliac disease. Aguirre et
al. (30), Costacurta et al. (16), Wierink et al. (12) and Cantekin
et al. (34) also determined enamel defects mainly in the an-
terior teeth. The exact mechanism of development of dental
enamel defects in coeliac disease is still not clear. The central
incisors are the first dental elements where the mineralization
process begin and affected through an influence on dental
mineralization during odontogenesis. In coeliac children mal-
absorption due to enteropathy determines an alteration of
phospho-calcium metabolism and cause hypocalcemia (37,
39).

The clinical delayed eruption was observed in 10 (33.3%)
out of 30 coeliac children in the present study. Delay of the
eruption was found none of the children in the control group.
This findings was consistent with those Costacurta et al. (16)
Campisi et al. (5) but not in accordance with Mina et al. (25).

In the previous studies (6, 16, 24, 26, 31, 34, 38) RAS was
found to be more frequent in coeliac patients. On the con-
trary in the present study; RAS frequency was found to be
higher in the control group rather than coeliac children but
the difference was not statistically significant. Sedghizadeh et
al. (40) reported that there were no significant differences be-
tween coeliac patients and healthy controls in the prevalence
of RAS and they referred coeliac disease as a ‘risk indicator’
and not a risk factor’ for RAS. Yasar et al. (41) concluded that
there is no apparent etiological link between RAS and coeliac
disease and that screening RAS for coeliac disease has little
clinical value. Conflicting datas have been published on the
real frequency of RAS in coeliac patients and there were few
datas on the effect of a gluten-free diet on RAS in coeliac pa-
tients. It must be remembered that RAS can also be associat-
ed with other inflammatory bowel diseases and consequently
the association cannot be considered specific (26). Also, pa-
tients in this study might not present RAS at the time of oral
examination, this did not mean that they did not suffer from
RAS at any other times before. Families or children might not
notice or remember whether they had RAS before clinical ex-
amination.

The relationship of caries and coeliac disease was the other
aspect of this research. Amongst the coeliac group, the level
of DMFT/S numbers was found to be lower than the control

group. This was in agreement with the studies of Aguirre et al.
(30), Farmakis et al. (32), Priovolou et al. (33) and Cantekin et
al. (34), on the other hand; not in agreement with Costacurta
etal. (16), Avsar etal. (17), Acar et al. (31), and Bramanti et al.
(14). In the study of Shteyer et al. (36) no significant differ-
ence was reported among coeliac group and control group
in mean DMFT/dmft scores although there was a tenden-
cy toward a higher DMFT/dmft scores in the control group
which was consistent with the present study. Mina et al. (25)
reported no statistical differences in the mean DMFT or dmft
scores of coeliac children and control children. Paez et al. (19)
investigated children with complete deciduous dentition and
found higher numbers of caries in the control subjects. In
contrast, dmft/s numbers did not differ between coeliac and
control groups in the present study in which 25 (41.6%) chil-
dren were in mixed dentition and 35 (58.3%) children were in
permanent dentition. Our results were similar to the studies
of Cantekin et al. (34) and Acar etal. (31).

Patients with the coeliac disease more frequently suffer
from Sjogren’s syndrome than do healthy controls (43). In the
present study, stimulated salivary flow rate of coeliac children
was found lower than the control group as previous studies
(13, 24, 34, 42). However, in another pilot study including 30
coeliac patients and 30 healthy age and sex matched con-
trols, no differences in saliva secretion rate was found (43).
Moreover, pH was found to be higher amongst the coeliac
group and the level of buffering capacity did not differ be-
tween groups in the current study. In the study of Shteyer et
al. (36) pH and buffering capacity were not different between
coeliac and control groups. Acar et al. (31) demonstrated that
the salivary pH, salivary flow rate, and buffering capacity were
also similar in coeliac and control groups. In another study
(25) buffering capacity and flow rate revealed no statistically
significant differences.

The differences in toothbrushing habits such as frequency
of daily tooth brushing between the coeliac group and con-
trol group were not statistically significant in our study as in
the study of Avsar et al. (17). Also, daily sugar intake of the
coeliac group was found lower than those of without coeliac.
Sugar contains gliadin that coeliac patients do not want to
consume (19). This result strongly supported the assumption
that lower DMFT/S numbers might be related to low cario-
genic dietary habits of the coeliac group. The reason for no
significant difference in the mean number of DMFS/dmfs val-
ues between groups in the study of Acar et al. (31) might be
related to similar daily sugar exposures of coeliac and healthy
groups. The influence of family income did not significantly
contribute to the coeliac and control groups. Mother’s and fa-
ther’s education levels of the coeliac group were found higher
than the control group. In the study of Avsar et al. (17) socio-
economic status and education levels of the parents between
the coeliac group and control group were not statistically sig-
nificant.

Control group of our study consisted of children who had
gastrointestinal complaints and proved not coeliac endo-
scopically. Besides clinical examination biopsy procedures
had also been performed to these children in order to exam-
ine the type of the gastrointestinal problem had increased
the reliability of our study. Because previous studies had
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shown that the incidence of undetected coeliac disease was
very high and the ratio between diagnosed and undiagnosed
patients even 1:7 (44). The limitation of our study is the lack
of investigation of specific antigens which increases the risk
for enamel defects (45). Further studies must be done in or-
der to elucidate the genetic relationship between the coeliac
disease and enamel defects. Also, more extensive popula-
tion-based studies are needed in order the demonstrate the
oral effects of the coeliac disease.

Conclusion

The changes in the oral cavity can be involved in coeliac dis-
ease and pediatric dentists therefore play an important role
in the early diagnosis of the disease. As coeliac children may
have various developmental disabilities in the dentition, they
must be examined by pediatric dentists at least 2 to 3 times
per year.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the ethics committee of Marmara Univer-
sity, Institute of Health Sciences (26.11.2013-1).

Informed Consent: Written informed consent was obtained from
patients’ parents who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: All authors designed the study and gener-
ated the data. All authors participated in gathering the data for the
study. DAB and AY analyzed the data. DAB and AY wrote the majority
of the original draft. All authors participated in writing the paper. All
authors had access to all of the raw data of the study. All authors
approved the final version of the paper.

Conflict of Interest: The authors have no conflicts of interest to de-
clare.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Tiirkce 6z: Colyak hastaligi olan cocuklarda dis mine defektlerinin ve oral
bulgularin dederlendirilmesi. Amag¢: Colyak hastaligi olan ¢ocuklarin dis
sert ve yumusak doku dedgisikliklerini inceleyerek 6zellikle tani konulma-
mis ¢blyak hastaliginin 6n tanisinda ¢ocuk dis hekimlerinin farkindaligini
arttirmaktir. Gereg ve Yontem: Calismaya yaslari 6-16 arasinda degisen,
28 (%46,7) erkek ve 32 (%53,3) kiz toplam 60 ¢ocuk dahil edilmistir. Ca-
lisma grubunu, Sisli Hamidiye Etfal Hastanesi, gastroenteroloji béliimiine
basvuran ve endoskopi sonucuna gére ¢élyak hastaligi teshisi konulmus
30 ¢ocuk olusturmustur. Kontrol grubunu ise klinik olarak ayni gastro-
intestinal sikayetlere sahip olan, ¢6lyak hastaligindan stiphelenilenerek
endoskopi yapilmis ve ¢élyak hastaligi olmadigi kanitlanmis 30 ¢ocuk
olusturmustur. Adiz ici muayenede, dislenme dénemi, spesifik ve spesifik
olmayan dis mine defektleri degerlendirilmistir. Ayrica, yumusak doku
lezyonlari, dis siirme gecikmesi varligi, tiikiiriik akis hizi, pH ve tampon-
lama kapasitesi degerleri incelenmistir. Bulgular: Yirmi ¢6lyak hastasi
cocukta dis mine defekti saptanirken, kontrol grubunda saptanmamistir.
Gélyak grubunda tiim dis mine defektleri spesifik tipte ve daimi dislerde
tespit edilmistir. Birinci derecede olan dis mine defektleri cogunlukla ke-
sici dislerde gorilmdisttir. Stirme gecikmesi 30 ¢élyak hastasi cocugunun
10'unda (%33,3) gézlenmis ve kontrol grubundaki hi¢bir cocukta gézlen-
memistir. Colyak grubunda DMFT/S degerleri ve uyarilmis tiikiiriik akis
hizi diizeyleri kontrol grubundan anlamii olarak daha diisiik, pH degeri

anlamli olarak daha yiiksek bulunmustur. Sonu¢: Célyak hastaliginda
agiz boslugu etkilenebilir ve cocuk dis hekimleri bu hastaligin én tanisin-
da énemli bir rol oynayabilir. Anahtar kelimeler: Clirtik; ¢6lyak hastaligi;
dis mine defekti; dis siirmesi; tekrarlayan aftéz stomatit.
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Evaluation of salivary tumour necrosis factor-alpha in patients

with recurrent aphthous stomatitis

Purpose

Present study was undertaken to evaluate and compare the salivary levels of
tumour necrosis factor alpha (TNF-a) in subjects with RAS, traumatic ulcers (TUs) in
the oral mucosa and in healthy controls.

Materials and Methods

Present study involved 90 participants of which 30 subjects were diagnosed with
RAS, 30 subjects with TUs and 30 healthy controls grouped as group 1, group 2
and group 3 respectively. Unstimulated saliva was collected from the subjects
through ‘Spit Technique’ and the estimation of TNF-a was done by enzyme linked
immunosorbent assay. The data collected was statistically analysed.

Results

Salivary level of TNF-a was significantly higher in RAS patients than in patients with
TUs and healthy controls. Difference between the Salivary TNF-a level in our study
groups were statistically significant (p<0.001).

Conclusion

Present study suggests that saliva is a convenient and ideal medium for the
detection of TNF-a. Statistically significant difference in the level of salivary TNF-a
between the RAS and TUs subjects as well as controls suggests the significant
contribution of TNF-a in pathogenesis of RAS.

Keywords: Recurrent aphthous stomatitis; tumour necrosis factor-alpha; saliva; oral
mucosa; traumatic ulcer

Introduction

Recurrent aphthous stomatitis (RAS) is a common oral mucosal disor-
der characterized by recurrent ulcers (1, 2). These ulcers are either sin-
gle or multiple, small, round or ovoid, with well circumscribed margins
and erythematous haloes. RAS first appears in childhood or adolescence
(3). The prevalence of RAS ranges from 5% to 60% based on the ethnic
and socioeconomic background (4). RAS is one of the least understood
oral diseases due to which management of these common lesions have
posed a challenge to the general and specialty dental practitioners (5,
6). RAS results in considerable pain leading to difficulty in eating, speech
and swallowing (3). RAS affects therefore the quality of life. There is no
particular curative treatment available for RAS because of diverse precip-
itating factors for recurrent episodes (5). Various causative factors such as
genetic tendency, immunologic basis, nutritional deficiency, emotional
stress, hematologic and hormonal disturbances, local injury, microbial
agents and other influences have been suggested in previous studies (5,
7). There is no definitive explanation for the pathogenesis of RAS (8). The
epithelial cell death and ulceration in RAS are the results of cell-mediated
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immune response, mainly T-lymphocyte activation which
leads to the formation of cytokines such as tumour necro-
sis factor-a (TNF-a ) (9). Among the cytokines implicated in
the development of new lesions in RAS patients, TNF-a is
considered to be one of the most important. Several studies
have reported about the possible role of TNF-a in the active
phase of the disease (8, 10-13). Currently the management
of RAS is symptomatic due to its unclear aetiology. Effec-
tive treatment for RAS is possible only by discovering the
underlying factors (14). Previous studies focusing on genet-
ic as well as immunologic background showed inconsistent
results. Limited research on Indian population with this re-
gard indicated the need of performing such study in this re-
gion. Present study evaluated the salivary levels of TNF-a
in RAS patients of in and around Mangalore and compared
the salivary levels of tumour necrosis factor alpha (TNF-a)
in subjects with RAS, TUs in the oral mucosa and in healthy
controls. The null hypothesis is that there are no differences
among any variable.

Materials and methods
Study population

The study involved patients visiting a private dental hos-
pital in Mangalore, India between 2015 and 2017. Institu-
tional Ethical clearance was obtained on 3.10.2014. The
project was funded by the NITTE University vide Research
Project Number NURG/STF/05/11-2014. Study objectives
and procedures were explained to the subjects and in-
formed consent was obtained from all the participants.
Detailed case history recording and clinical examination
was carried out by trained professionals. Patients diag-
nosed with RAS, traumatic ulcer and healthy controls were
recruited for the study. Subjects with history of medica-
tion, subjects with systemic diseases were excluded from
the study.

Study groups

Selected patients were grouped as follows: Group 1: 30 pa-
tients diagnosed with recurrent apthous stomatitis, Group 2:
30 patients diagnosed with traumatic ulcers in the oral muco-
sa, Group 3: 30 healthy control subjects.

Saliva collection

Unstimulated saliva was collected from the subjects
through ‘Spit Technique' The subjects were instructed to
spit into a sterile graduated container every minute for 8-10
minutes. The collected sample was centrifuged at 3000 rpm
for 10 minutes and the supernatant collected was stored at
-20°C. The estimation of salivary tumour necrosis factor-a
was done by commercially available enzyme linked immu-
nosorbent assay (ELISA) (Hu TNFa Us Elisa Kit, Thermo Fisher
Scientific, Waltham, MA USA) at the central research labora-
tory of the university as per the procedure by Beutler et al.
(15).

Statistical analysis

The data collected was analysed using IBM Statistical Pack-
age for the Social Sciences Statistics, Version 22 (SPSS IBM
Corp.; Armonk, NY, USA). Descriptive data were presented in
the form of mean and standard deviation. One Way analysis
of variance (ANOVA) test was used to compare TNF-a values
between multiple study groups. Comparison of age between
the study groups was also done by using ANOVA. Pairwise
comparison of age between the study groups was done with
post-hoc Tukey’s HSD test. Distribution of study participants
according to gender evaluated by chi-square test. Confidence
interval was set to 95% and p<0.05 was considered as statis-
tically significant.

Results

The present study involved 3 groups. Group 1 involved 30
patients clinically diagnosed with recurrent aphthous stoma-
titis. The subjects were between 12 to 54 years of age and
the mean age was 29.30 years. The study group 2 involved 30
patients diagnosed with traumatic ulcers of oral mucosa. The
subjects were between 22 to 66 years of age and the mean
age of the study group was 38.67 years. The group 3 involved
30 healthy controls. These subjects were between the ages of
18 to 63 with the mean age of 32.53. Data is shown in Table 1.

In the group 1 there were 14 males (46.7%) and 16 females
(53.3%). Among group 2 subjects 17 (56.7%) were males and
13 (43.3%) were females. Group 3 involved 12 (40.0%) males
and 18 (60.0%) females. Details shown in Figure 1. Compar-
ison of salivary TNF-a level between the study groups was
done. Difference between the salivary TNF-a level in our study
groups were statistically significant (p<0.001). Details given in
Table 2 and Figure 2.

Study group 1 included 30 RAS patients, out of which 26
subjects were diagnosed with minor RAS and 4 subjects were
diagnosed with major RAS. Among the RAS patient group no
subjects were diagnosed with herpetiform RAS. Comparison
of type of RAS with salivary level of TNF-a is shown in Table 3.
Correlation analysis between the age and TNF-a variables in
each study group was shown in Table 4.

Discussion

Our study subjects were between 12 to 54 years of age and
the mean age was 29.30 years in group 1. RAS was predom-
inant in adults in the present sample. Female predominance
was noticed in our study which is in accordance with previous
work (16-18). Prevalence of RAS is lower in this region com-
pared to other populations which was showed in our previ-
ous study 1.9% (16). Accurate aetiology of RAS still remains
unknown (13). Controversy exists among different authors
about the pathogenesis of RAS (8).Various factors predispose
for its occurrence. Genetic background, stress, anxiety, food
allergens, local trauma, smoking cessation, menstrual cycle,
chemicals and microbes were identified as predisposing fac-
tors (5, 7, 19). A Cochrane analysis mentioned that bacterial
or viral aetiology was unlikely (20). Local and systemic factors
lead to the targeting of oral mucosal cells by lymphocytes,
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Table 1. Comparison of age between the study groups

ANOVA
n Mean SD F P
Group 1 30 29.30 10.70
Group 2 30 38.67 12.95 5.03 0.009*
Group 3 30 32.53 11.08

*p<0.05 statistically significant; ANOVA: analysis of variance; SD: standard
deviation

Gender distribution of study groups
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Figure 1. Gender distribution of study groups.
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Figure 2. Comparison of salivary TNF-a between study groups.

Table 2. Comparison of Salivary TNF-a level between the study
groups

ANOVA
n Mean SD F p
(pg/mL)  (pq/mL)
Group 1 30 58.82 15.24
Group 2 30 35.76 11.11 73.10 <0.001*
Group 3 30 23.09 6.95

*p<0.05 statistically significant; ANOVA: analysis of variance; SD: standard
deviation

Table 3. Comparison of the type of RAS with Salivary level of TNF-a

Type of RAS Number of patients Mean TNF-a in pg/mL
Minor 26 57.71
Major 4 66.04

monocytes and neutrophils. This leads to the oral mucosal
cell destruction, and accumulation of acute inflammatory
mediators followed by the development of an aphthous ul-
cer (11). The process is initiated by antigenic stimulation of
the mucosal keratinocytes which leads to stimulation of
T-lymphocytes, cytokine release as well as migration of oth-

Table 4. Correlation between age and TNF-a in each study group

Group Age TNF-ain pg/mL
Group 1 R 0.33

P 0.08 (NS)
Group 2 R 0.17

p 0.37 (NS)
Group 3 R 0.27

p 0.15 (NS)

NS: not significant; R: Pearson correlation test

er lymphocytes, neutrophils and Langerhans cells. Cytotoxic
trigger causes ulceration of the mucosa. At present, TNF a
is considered as the most significant cytokine implied in the
development of new RAS lesions (21-23).

Even though the exact role of TNF in the aetiology of RAS
has not been determined yet, its possible contribution was
explained by the facts such as high levels of TNF in oral ul-
cerations and high efficacy of anti-TNF drugs like levamisole,
thalidomide or pentoxifylline in the treatment of RAS (8). In
the present study we evaluated salivary TNF-a in patients
with RAS in our region. Several studies have reported an in-
crease in salivary and serological TNF-q, especially during the
active phase of the disease (10, 11). However specific cause
of this increase has not been established. Most of the stud-
ies have compared salivary TNF-a in RAS patients and healthy
controls (8, 11). As existing studies shown the role of TNF-a
role in the ulceration of mucosa, in the present study we in-
vestigated salivary TNF-a in patients with traumatic ulcer and
compared with that of controls and RAS. We observed that
salivary TNF-a levels was lower in patients with TUs compared
to RAS patients, indicating the significant role of TNF-a in RAS
than in TUs.

One study used biopsy samples to compare the TNF-a and
its cellular distribution in RAS and in induced oral Tus (14).
Present study results were in accordance with their findings.
We examined the salivary TNF-a and statistically significant
difference was noticed in the study groups. This result un-
derlines the importance of this cytokine in the development
of RAS. Our study results were consistent with Sun et al. (12)
study. Present study used saliva samples since obtaining saliva
is easy and non invasive. Patient acceptance of saliva sample
collection is much higher when compared to obtaining se-
rum or biopsy samples. We found higher salivary TNF-a in RAS
patients compared to TUs and controls. Previous studies have
shown significantly higher serum levels of TNF- a in patients
with of major, minor or herpetiform RAU (14). In our study
equal distribution among the types of RAS was not present,
hence analysis of TNF- a in various clinical types of RAS was
not carried out. Inflammation and metabolism of free radicals
in RAS patients and healthy controls was evaluated by Avci et
al. (23). They investigated TNF-q, interleukin-2 (IL-2), IL-10, and
IL-12 using ELISA and emphasized their importance in the oc-
currence of RAS. Similar pattern was observed in our study,
however we only evaluated TNF-a.

The use of TNF- a inhibitors or rituximab in ulcerative oral
conditions was reviewed by previous researchers. They also
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analysed the potential benefits, adverse effect, principles of
use and future developments. They concluded that TNF- a
inhibitors such as infliximab can be effective in RAS and in-
dicated in patients with severe refractory disease (24). Pent-
oxifylline, a methylxanthine derivative with immune modu-
latory and anti-inflammatory properties, is beneficial in the
treatment of RAS. This effect was reported to be due to the
inhibition on the production of TNF- a and other inflamma-
tory cytokines (11). However, the use of these drugs is re-
stricted due to their side effects. New formulations which
provide TNF- a inhibition with less side effects still need to
be evaluated.

Conclusion

Detection of higher level of TNF- a in RAS compared to TUs
and controls indicates the role of TNF- a in the pathogenesis
of RAS. This suggests the significant contribution of TNF- a in
the pathogenesis of RAS which can be detected by using sali-
va as a convenient medium. Thus, future management of RAS
should be directed towards newer treatment modalities for
better outcome.
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Tiirk¢e 6z: Rekurrent aftéz stomatit hastalarinda tiimér nekrotizan
faktor alfa seviyelerinin dedgerlendirilmesi. Amag: Bu ¢calismanin ama-
¢1 agiz mukozasinda rekurrent aftéz stomatitis (RAS), travmatik lser
(TU) lezyonlari olan ve olmayan saglikli bireylerde tiikiiriikteki timér
nekrotizan faktér alfa (TNF-a) seviyelerini karsilastirmaktir. Gereg ve
Yontem: Bu ¢alisma; RAS saptanan 30 (Grup 1), TU saptanan 30 (Grup
2) ve 30 saglikli kontrollerden (Grup 3) olusan (i¢ gruba ayrilan 90 has-
ta lizerinde gerceklestirilmistir. Bireylerden tiikiirme teknigi ile uyaril-
mamus tiikiiriik 6rnekleri alinmistir. Orneklerin icerisindeki TNF-a mik-
tari enzyme linked immunosorbent assay yéntemi ile belirlenmis ve
istatistiksel olarak karsilastirilmistir. Bulgular: RAS saptanan bireylerin
tiikirtik 6rneklerindeki TNF-a miktarinin TU ve kontrol grubunda sap-
tanan degerlerden istatistiksel olarak anlamli derecede yiiksek oldugu
bulunmustur. Calisma gruplari arasinda da istatistiksel olarak anlamli
farkliik saptanmistir (p<0,001). Sonug¢: Bu ¢alisma, tiikiiriik 6rnekle-
ri alinmasinin TNF-a seviyelerinin belirlenmesinde uygun bir yéntem
oldugunu géstermektedir. RAS, TU ve kontrol gruplan arasinda sap-
tanan istatistiksel olarak anlamli farkhiliklar TNF-a’nin RAS gelisimin-

de 6nemli bir rol listlendigini diisiindlirmektedir. Anahtar kelimeler:
Rekurrent aft6z stomatit; timor nekrotizan faktér alfa; tiikiiriik; agiz
mukozasi; travmatik (lser
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The prevelance of mesiodens in a group of non-syndromic

Turkish children: a radiographic study

Purpose

The aim of the present study is to determine the prevelance and clinical status of
mesiodens in a group of non-syndromic Turkish children, with an analysis of the
associated clinical-eruptive complications.

Materials and Methods

This study sample consists of 58142 pediatric patients’ Standard equipment and
films were used in the suspected patients. The examination of all radiographs was
performed under standard conditions by two pediatric dentists with over 10 years
experience. Age, gender, number of mesiodens, morphology and clinical status
were recorded in forms.

Results

A total of 83 mesiodentes were diagnosed in 59 children with ages ranging from
6-14 years. The prevelance of mesiodens was estimated as 0.1%. Males were more
frequently affected than females in the ratio of 2.3:1. Of the 83 mesiodentes, 48.2%
were conical, 31.3% were tuberculate and 20.5% were incisor like, 22.9% were
inverted, and 68.7% were fully impacted. The number of mesiodens was one in 36
cases (61.0%), two in 22 cases (37.3%) and three in one case (1.7%). The mean age
at the time of diagnosis of the mesiodens was 9.5 years. The main complication as-
sociated with the mesiodens was displacement or rotation of the permanent teeth
(73.3%).

Conclusion

This study presents 0.1% prevelance of mesiodens in a group of Turkish children
sample. The majority of the mesiodentes were unilateral located in the premaxillary
region, were conical shaped, and remained unerupted. The mean age at the time of
diagnosis of the mesiodens in this study was 9.5 years, with this period being later
than the eruption time of the maxillary central incisor.

Keywords: Mesiodens; pediatric population; radiographic study; prevelance;
complication

Introduction

The most common type of supernumerary tooth which can appear in the
maxillary midline area is defined as mesiodens (1). The reported prevalence
in the permanent dentition ranges between 0.1-3.8% whereas, in the pri-
mary dentition the range is between 0.03-1.9% (2-5). Supernumerary teeth
are estimated to occur in the maxilla more frequently than in the mandible
(6). The mesiodens is the most frequent type of supernumerary tooth and
accounts 80% of all (7-9). Mesiodens may occur either as single or multiple
(8).

Mesiodentes can cause a variety of problems, including; retention of
the primary tooth, delay or prevent of eruption of central incisors and
can lead to ectopic eruption, tooth displacement, central incisor rota-
tion , abnormal root development, dilacerations in the developing roots,
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root resorption and loss of tooth vitality, crowding, spacing
of the anterior teeth, dentigerous cyst formation, follicular
cysts, eruption of the mesiodentes into the nasal cavity as
well as other alterations requiring surgical or orthodontic
intervention (10-12).

The etiology of mesiodens remains unclear; however, vari-
ous theories have been suggested regarding the presence of
supernumerary teeth. Supernumerary teeth have also been
attributed to atavism. The first theory of atavism - referring
to having more teeth - is widely rejected. For splitting of the
dental follicle (the theory of dichotomy), some factors such as
trauma or evolutionary mutations, can cause accidental fol-
licle division into two or more fragments. The hyperactivity of
the dental lamina and the combination of genetic and envi-
ronmental factors may be considered as the most acceptable
etiologic factors in the development of mesiodens (13-15).
Familial occurrence of mesiodens is reported to involve more
than one sibling, or one generation (16, 17).

Mesiodens may also occur in association with syndromes
like; cleidocranial dysostosis, Gardner’s syndrome, especially
cleft lip and palate, Down'’s syndrome (18, 19).

However, the appearance of a mesiodens can occur in
non-syndromic individuals. Positive family history is one of
the predisposing factors and this condition might be found
as an isolated finding (20).

The objective of the present study was to examine the pre-
velance and clinical status of mesiodens, with an analysis of
the associated clinical-eruptive complications. The null hy-
pothesis of the study is the appearance of a mesiodens don't
occur in non-syndromic individuals and there is no associated
mesiodens complications.

Materials and Methods

The study was based on the evaluation of 58142 pediat-
ric patients who attended the Istanbul University Faculty of
Dentistry, Department of Pedodontics between September
2013 and December 2015. Ethical committee approval was
obtained from the ethical committee of Istanbul University
Faculty of Dentistry (Ref.Number 158; 2016/44). All patients
and/or parents signed a letter of consent giving permission
to use data for research purposes after related radiographs
were taken.

Inclusion criteria

Only patients who accepted the use of their data for re-
search purposes and visited the faculty for: treatment of car-
ies, gingival conditions, tooth fracture, malocclusion or rou-
tine dental check-ups during the specified period and had no
history of any previous extraction or tooth loss due to trauma,
were included in the study.

Exclusion criteria

Patients without adequate documentation or patients who
had any associated developmental anomalies, missing teeth
adjacent to the mesiodens and with poor quality radiographs
were excluded.

Radiographic examination

Standard equipment (Kodak 8000; Tropphy, etx) and films
(Kodak) were used. Radiographic examination of the premax-
illa was based on intraoral periapical (anterior region, +40°)
and panoramic radiographs (kVp 65-68; mA range varies
between 2-3,2 for infants; 5-6.5 for adolescents) for all chil-
dren. Some of the cases were supplemented with occlusal
radiographs (Kodak film ultra-speed). The examination of all
radiographs was performed under standard conditions (on
standard light boxes) by two pediatric dentists with over 10
years experience. All discrepancies were solved by consensus
and agreement.

Diagnosis and recording of the mesiodentes

The presence of a supernumerary tooth or tooth bud be-
tween two central incisors, or of unilateral or bilateral teeth
in the midline of the maxilla was noted as mesiodentes on
radiographs. Age, gender, number of mesiodentes, morphol-
ogy (conical, tuberculate, supplemental, other), clinical status
(erupted, impacted) were recorded in forms.

Statistical analysis

The variables were analyzed using Statistical Package for
the Social Sciences 12 (IBM Corp.; 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY, USA). The Pearson
chi-square test was used to analyse sex differences. A p value
of < 0.05 was considered statistically significant.

Results

Results showed that among the total 58142 children
screened (male-28733; female- 29409), 0.1% had mesio-
dentes. A total of 83 mesiodentes were diagnosed in 59 (18
girls, 41 boys) children from 58142 samples from a pediatric
Turkish population with ages ranging from 6 to 14 years. No
statistical significance was found between genders.

Age, gender, number of mesiodentes, morphology (conical,
tuberculate, supplemental, other), clinical status (erupted, im-
pacted) of the cases are presented in Table 1.

Forty one (49.4%) mesiodentes presence were detected in
age group of 6-9 years, and 42 (50.6%) in age group of 10-
14 years. Of the 59 children, 36 children (61.0%) had one me-
siodens (Figure 1), 22 children (37.3%) had two mesiodentes
(Figure 2) and 1 child (1.7%) had three mesiodentes.

Among the 83 mesiodentes, the conical shape was the most
common type accounting for 48.2%, followed by tuberculate
in 31.3% followed by incisor-like in 20.5% (Figure 3).

Of the 83 mesiodentes, 68.7% were fully impacted and 31.3%
were either partially or completely erupted. Among 83 mesio-
dentes, 77.1% were located in the vertical direction, followed
by invertion with 22.9%. The main complication associated
with the mesiodentes was displacement or rotation of perma-
nent teeth seen in 44 patients (73.3%) followed by the delayed
eruption of permanent central incisors (24 patients, 40.0%),
delayed or abnormal root development of permanent central
incisors (7 patients, 11.6%). Six patients were asymptomatic.
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Table 1. The percentage distribution of mesiodentes according to the age, gender, number, morphology, clinical status

Age of subjects Ratio of boys to girls Number of mesiodens
One (61 %)
6-14 years 2.3:1 Two (37.3%)

Three (1.7 %)

Figure 2. Panoramic radiograph of the case with two mesiodentes.

e

—_ "

Figure 3. Photograph of the case with an incisor-like mesiodens.
Discussion

In this study, the complete records of 58142 pediatric pa-
tients who presented mixed or permanent dentition were as-
sessed. A total of 83 mesiodentes were diagnosed in 59 chil-
dren (average of 1.4 mesiodentes per child), corresponding
to 0.1% prevalence in the overall sample. This prevalence was
less than that described in studies by Hurlen and Humerfelt
(21) (1.4%) and Salcido-Garcia et al. (22) (1.6%), Patil et al. (3)
(1.4%) and was very close to the mean frequency observed in

Morphology Clinical status
Conical (48.2%)
Tuberculate (31.3%)

Incisor like (20.5%)

Impacted (68.7%)
Erupted (31.3%)
(partialy/completely)

the prevalence values presented in Colak et al. (2) (0.13%). The
null hypothesis of the study was not supported.

Supernumerary teeth affect both dentitions equally, but
mesiodens are the most frequently observed dental anomaly
in permanent dentition (20) and it was more common among
males. In the present study, there was a male to female ratio
of 2.3:1, in the 59 patients with mesiodens. This ratio was 2.8:1
in the 200 patients (3 -84 years old) in Asaumi et al. (1) study.
Kim and Lee (7) examined 40 children, whose ages ranged
from 4 to 26 years, also found that males were affected ap-
proximately four times as frequently as females.

The mean age at the time of diagnosis of the mesiodens
in this study was 9.5 years, but of 59 cases, 32 (54.2%) were
discovered at 9-11 years. This period is later than the erup-
tion time of the maxillary central incisors. When the delay of
eruption and malposition of the maxillary central incisors or
supernumerary teeth, congenitally missing teeth were seen,
the radiographic examination was performed as a screening
aid. Usually, mesiodens are discovered when adjacent teeth
are displaced or have delayed eruption. Furthermore, during
a routine radiographic check-up, an unerupted mesiodens
without significant effect on the adjacent teeth may be ex-
amined (15, 23). Most mesiodientes are discovered with ra-
diographic evaluation in the eruption period.

Although, mesiodentes may be single or multiple, multiple
supernumerary teeth are rare in individuals with no other
associated diseases or syndromes (24). A single mesiodens
was found in 61% of the sample, while the remaining 37.3%
presented two and 1.7% had three mesiodentes in this study.
These findings were similar to the findings of Asaumi et al. (1),
Gunduz et al. (25), Kim and Lee (7), and Huang et al. (26), who
recorded one mesiodens in most of the reported cases.

Among 83 mesiodentes, 57 (68.7%) were impacted and
26 (31.3%) had erupted in the oral cavity. With regard to the
direction of the crown, a mesiodens is most often in an up-
right position, but it can be found in an inverted or even in a
horizontal position (4, 25-27). In the present study of the 83
mesiodentes, 64 (77.1%) were in a normal direction and 19
(22.9%) in an inverted direction against the axis of the tooth.
Roychoudhury et al. (28) have reported seeing inverted im-
pacted mesiodens in 62.5% of impacted mesiodentes, yet
such a relationship was not observed in our study.

A mesiodens is often unique (1, 4, 7, 25, 26) and different in
shape and size (16), but may vary in morphology, from a small
rudimentary conical shape (4, 7, 22, 25, 28), to a complex form
with several tubercles. In the current study, the crown shape
was mainly conical (48.2% of cases) and this was in accordance
with Giacontti et al. (29), Seddon et al. (30) and Kim and Lee (7).

The main complications associated with mesiodentes in
this study were: displacement or rotation of permanent inci-
sors (74.6%), delayed eruption of permanent incisors (42.4%),
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delayed or abnormal root development of associated per-
manent teeth (11.8%). Similar findings have been previously
reported (7, 25, 27). Von Arx (31) reported the retention and
malposition of the adjacent permanent incisors in 34.5% of
113 mesiodentes.

The treatment of mesiodentes should be planned, after
consideration of all clinical and radiological findings. Man-
agement always depends on the type of supernumerary
teeth, its position in relation to other teeth, and its effects on
adjacent teeth. Extraction is not always the preferred treat-
ment. Surgical removal should be avoided if unerupted su-
pernumerary teeth remain asymptomatic and are sometimes
best left and kept under observation (24). Late or delayed
removal of supernumerary teeth is recommended in order
to prevent damage to tooth buds and/or adjacent teeth, de-
crease the surgical burden for a child, and to avoid repetitive
surgery. However, periodic follow-up is necessary (32). Most
recommendations for early and late removal of supernumer-
ary teeth are anecdotal rather than evidence based (33).

This report shows the need for early and correct diagnosis
of mesiodentes, which requires an individualized treatment
plan. Unilateral persistence of a deciduous incisor, failure of
eruption or ectopic eruption of a permanent incisor, a wide
diastema, or rotation of erupted permanent incisors should
alert the clinician to the possible presence of supernumerary
teeth (31) and indicate appropriate radiographic investiga-
tion. Whatever the management approach, early diagnosis
is critical. An appropriate treatment plan should emphasize
prevention and include regular clinical and radiographic
monitoring and, if possible on eruption.

Conclusion

This study showed a 0.1% prevelance of mesiodens in a
group of Turkish children sample. The majority of the me-
siodentes were unilateral located in the premaxillary region,
were conical shaped, and remained unerupted. In this study
the main complication associated with the mesiodens was
displacement or rotation of permanent teeth (73.3%). The
mean age at the time of diagnosis of the mesiodens in this
study was 9.5 years, and this period is later than the eruption
time of the maxillary central incisor. On appropriate diag-
nosis early intervention is required in the form of surgical
or orthodontic treatment and combination in order to min-
imize unwanted side effects to the developing dentition in
children.
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Tiirkce 6z: Sendromu olmayan bir grup Tiirk ¢ocugunda mezyo-
dens prevelansi: bir radyografik ¢alisma. Amag: Bu ¢alismanin amaci,
sendromu olmayan bir grup Tiirk ¢cocugunda mezyodens sikligini ve
klinik durumunu ilgili klinik siirme komplikasyonlariyla iliskilendire-
rek incelemektir. Gere¢ ve Yontem: Bu ¢alisma, 58142 ¢ocuk hastanin
panaromik radyogrdfilerinin dederlendirilmesiyle gerceklestirilmistir.
GCalismada, standart gereg ve filmler kullanilmistir. Tiim radyogrdfiler,
standart kosullar altinda, 10 yil (stii deneyime sahip iki pedodontist
tarafindan degerlendirilmistir. Yas, cinsiyet, mezyodens sayisi, morfoloji
ve klinik durum formlara kayit edilmistir. Bulgular: Yaslar1 6-14 arasinda
dedisen 59 hastada 83 mezyodens tespit edilmistir. Mezyodens preve-
lansi %0,1 olarak saptanmistir. Kadinlar, erkeklerden 2.3:1 oraninda
daha fazla etkilenmistir. Seksen lic mezyodensin; %48,2'sinin konik,
%31,3'linlin tiberkdilld, %20,5'inin kesici dis gériiniimiinde, %22,9'unun
enverte ve %68,7'sinin ise tamamen gémdlik oldugu belirlenmistir. Otuz
alti olguda bir (%61,0), 22 olguda iki (%37,3) ve bir olguda 3 (%1,7)
mezyodens varligi izlenmistir. Mezyodens tanisinin yapildigi ortalama
yas 9,5 yil olarak belirlenmistir. Mezyodens ile iliskili en 5nemli kompli-
kasyonun, kalici dislerin yer degistirmesi veya rotasyonu (%73,3) oldugu
saptanmistir. Sonug¢: Bu ¢alisma, bir grup Tiirk cocugunda mezyodens
prevelansini %0,1 olarak vermektedir. Mezyodenslerin ¢cogunlugunun
premaxiller bélgede tek tarafli, konik sekilli ve stirmemis oldugu belir-
lenmistir. Bu ¢alismada, mezyodens tanisinin kondugu yas ortalamasi
9,5 yas olup, bu periyot ist birinci kesici disin stirme zamanindan son-
radir. Anahtar kelimeler: Mezyodens; ¢ocuk popiilasyonu; radyografik
calisma; prevelans; komplikasyon
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Case report

Unusual radiographic images of radiopaque contrast media
incidentally observed in intracranial region: two case reports

The oil-based contrast medium has extremely slow clearance rate from
cerebrospinal fluid. The medium known as myodil or pantopaque or iopenydylate
was firstly introduced in 1944 to be used in myelography, cisternography and
ventriculography. It was commonly used until 1980s but was later replaced by water-
soluble mediums in 1990s because of its complication and sequelae. Although rare,
images of the remnants may still be encountered on radiograms since its remnants
may be seen after six decades. In this article, incidental radiopaque images in
panoramic radiography and cone-beam computed tomography (CBCT) were
presented in two patients whose myelography was taken before herniated discs’
operation. Unusual incidental radiopacities in intracranial region were observed on
panoramic radiography image of a male and CBCT image of a female, both of whom
underwent myelography more than 30 years ago. Dentomaxillofacial radiologists
should be aware of this radiographic appearance, should be able to differentiate it
from possible pathologies.

Keywords: Long-term adverse effect; contrast media; panoramic radiography; cone-
beam computed tomography; diagnostic imaging

Introduction

The oil-based contrast medium has extremely slow clearance rate from
cerebrospinal fluid. The medium known as myodil or pantopaque or
iopenydylate was firstly introduced in 1944 by Ramsey et al. (1) and was
widely used as synchronous by Steinhausen et al. (2) for myelography. This
oil-based contrast medium was commonly used until 1980s for myelogra-
phy, cisternography and ventriculography because of its ideal physical and
radiographic features (3, 4). However, the myodil was replaced by water-sol-
uble medium in 1990s due to its several complications and sequelae such
as arachnoidids, chronic irritation, arachnoid adhesions and nerve damage
depending on extremely slow clearance rate from cerebrospinal fluid (5-7).
The remnants of the oil-based contrast medium may be seen after six de-
cades (8). Although rare, images of the remnants may be still encountered
on skull radiograms in recent dental practice. In the literature, it has been
reported that the remnants of contrast media were observed on brain com-
puted tomography and lumbar and thoracic magnetic resonance images.
However, there are limited number of published cases in conventional skull
radiograms (4, 9, 10).

The aim of this article is to present two cases with intracranial oil-based
contrast medium-related radioopacities incidentally discovered on pan-
oramic radiography and cone-beam computed tomography (CBCT) who
had underwent myelography for herniated discs more than 3 decades
ago.

ilkay Peker,
Berrin Celik,
Umut Pamukcu,
Ozlem Ucok

ORCID IDs of the authors: i.P. 0000-0002-2888-2979;
B.C. 0000-0002-3602-2354; U.P. 0000-0001-8356-8344;
.0. 0000-0003-4904-0591.

Department of Dentomaxillofacial Radiology, Gazi University,
Faculty of Dentistry, Ankara, Turkey

Corresponding Author: ilkay Peker
E-mail: drilkaypeker@gmail.com

Received: 25 October 2017
Revised: 10 January 2018
Accepted: 12 February 2018

DOI: 10.26650/e0r.2018.532

How to cite: Peker i, Celik B, Pamuk¢u U, Ugok O. Unusual radiographic images of radiopaque
contrast media incidentally observed in intracranial region: two case reports. Eur Oral Res
2018;52(3): 167-9.

@OE0

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


https://creativecommons.org/licenses/by-nc/4.0/ 
http://orcid.org/0000-0002-2888-2979
http://orcid.org/0000-0002-3602-2354
http://orcid.org/0000-0001-8356-8344
http://orcid.org/0000-0003-4904-0591

168

Peker et al.

Case reports
Case 1

An 81-year-old man was referred to our clinic for prosthetic
rehabilitation. Written informed consent was obtained from
the patient. Medical history revealed that he had undergone
herniated disc surgery in 1979. There were no other notewor-
thy findings. Patient claimed that he had had an injection in
the lumbar region and a radiograph had been taken before
the procedure. Multiple small rounded radiopacities of the
millimetric dimensions were observed in the bilateral zygo-
matic bone region of his panoramic radiography image (Fig-
ure 1). Panoramic image was taken by using a Orthophos XG
unit (Orthophos XG, Sirona Dental Systems GmbH D-64625,
Bensheim, Germany) operated at 90 kVp, 12 mA and 14 sec-
onds exposure time. It was thought that the radiopacities
may be related with myelography which was performed 38
years ago. No further examination was performed since the
patient was asymptomatic.

Case 2

A 73-year-old woman was referred to our clinic for den-
tal-implant supported prosthetic rehabilitation. Written
informed consent was obtained from the patient. Medical
history revealed that she had undergone herniated discs’ sur-
gery in 1982 and, also, she complained about unilateral head-
ache in the left side and backache since then. Additionally,
she was using antihypertensive and antidiabetic drugs. CBCT
image were obtained before implant planning. CBCT imag-
es were obtained by using a Promax 3D unit (Planmeca Oy,

Figure 1. Multiple small rounded radiopacities (the areas with yel-
low-marked) on panoramic radiography image in bilateral zygomatic
bone regions of case 1.

Helsinki, Finland) operated at 90 kVp and 12 mA with a voxel
size of 0.16 mm, exposure time of 13.8 seconds, 0.4 mm slice
thickness and field of view (face); 200x170 cm. Multiple small
rounded radiopacities in the millimetric dimension were ob-
served in intracranial region including sella turcica, left tem-
poral bone and orbita (Figure 2). She was advised to visit a
neurology specialist for head and back symptoms but patient
refused to do so.

Discussion

The remnants of oil-based contrast medium in the spine
may cause numerous complications including lumbar arach-
noidid, spinal cord compression, nerve damage, low-back
pain, weakness in the lower limbs and sensory changes. The
intracranial remnants may lead to chronic arachnoidid, head-
ache, backache, hydrocephaly, meningitis, imbalance and
vertigo (4-10). It has been explained that the slow clearance
rate and prolonged presence of the remnants can cause irri-
tation (4-10).

Myodil remnants presented in the published reports have
been observed mostly in the lumbar and thoracic regions, but
intracranial remnants are relatively rare (4-11). The intracra-
nial remnants on conventional skull radiograms have been
observed in only three published papers (4, 9, 10). In those
reports, residual myodil has been shown on Waters’ view (4),
brain ventriculogram (9), and skull radiograms (10) of the
male patients. According to best of our knowledge, there is
no published case in panoramic radiography or CBCT. In this
report, intracranial radiopacities were observed on panoram-
ic radiography image of a male and CBCT image of a female
patient, both of whom had underwent myelography more
than 30 years ago.

The typical radiographic appearance of these materials is
usually multiple dots or droplet-like radiopaque areas in the
intracranial region. These findings may be encountered in dai-
ly practice because of prolonged presence of the remnants
and may be falsely interpreted as lipomas, hemorrhages and
hemangiomas on conventional radiographs, computed to-
mography and magnetic resonance images (11). However,
it has been reported that this condition can be easily diag-
nosed together with patient history and the presence of ra-
diopacities on plain radiographs or computed tomography
images (11-13). In the present cases, multiple small rounded
radiopacities were observed on panoramic radiography and
CBCT images. Both patients were easily diagnosed based on

Figure 2. a-c. Multiple small rounded radiopacities (yellow circles and arrows) can be seen in the intracranial region of case 2 (a) coronal CBCT sec-
tion of sella turcica region, (b) sagittal CBCT section of left temporal bone, (c) 3-dimensional reconstruction image.
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their medical history as well as by their clinic and radiograph-
ic examinations by dentomaxillofacial radiologists.

Complications of pantopaque have been previously inves-
tigated in animal studies, clinical and case reports. Mild or
severe headache, meningitis, vertigo, imbalance, arachnoi-
dids, hydrocephalus, hypersensitivity have been reported in
patients who have intracranial remnants of myodil (4, 9-11).
Although some authors believed that the remnants of pan-
topaque in the intracranial subarachnoid space should be
removed (10), symptomatic treatment and/or periodic fol-
low-up are usually accepted approaches by several authors in
minor symptomatic and/or asymptomatic cases (4, 8, 9, 14).
Accordingly, in the present cases, no further examinations
were carried out in the asymptomatic patient (Case 1), but the
patient who complained from headache and backache (Case
2) was advised to visit a neurologist.

Conclusion

Although the use of oil-based media has been left in 1990s,
its intracranial remnants on radiographic images may be still
encountered in daily practice. Especially dentomaxillofacial
radiologists should be aware of its radiographic appearance.
The clinicians should be able to differentiate from possible
pathologies by evaluating rare findings in routinely used im-
aging modalities.
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Tiirkce 6z: intrakraniyal bélgede tesadiifen izlenen nadir radyoopak
kontrast madde gériintiileri: iki olgu bildirisi. Yag-bazl kontrast mad-
deler serebrospinal sividan ¢ok yavas emilirler. Myodil, pantopaq veya
iyofenidilat olarak bilinen bu maddeler ilk defa 1944 yilinda miyelog-
rafi, sisternografi ve ventrikiilografide kullaniimasi icin tanimlanmistir.
Bu maddeler 1980’lere kadar yaygin olarak kullanilmistir, fakat kompli-
kasyonlar ve sekelleri nedeniyle 1990'larda yerini su bazli kontrast mad-
delere birakmuslardir. Nadir gériilmekle birlikte, maddelerin artiklarinin
alti dekat sonra bile kalabilmesi nedeniyle, giiniimiizde hala artiklarin
goriintiileri ile karsilasilabilmektedir. Bu makalede bel fitigi operasyo-
nu déncesi miyelografi yapilmis iki hastanin panoramik radyografi ve

konik-isinl bilgisayarl tomografi (KIBT) gériintiilerinde tesadiifi olarak
izlenen radyoopak gériintiiler sunulmustur. Intrakraniyal bélgede na-
dir olarak karsilasilan bu tesadiifi bulgular, otuz yildan fazla siire 6nce
miyelografi yapilmis bir erkek hastanin panoramik radyografi gériintu-
stinde ve bir kadin hastanin KIBT gériintiisiinde izlenmistir. Dentomak-
sillofasiyal radyologlar bu gériintiilerden haberdar olmali ve goriintiile-
ri olasi patolojilerden ayirt edebilmelidir. Anahtar kelimeler: Uzun stireli
yan etki; kontrast madde; panoramik radyografi; konik-1sinh bilgisayarl
tomografi, diagnostik gériintiileme

References

1. Ramsey GH, French JD, Strain WH. lodinated organic com-
pounds as contrast media for radiographic diagnoses. IV. Panto-
paque myelography. Radiology 1944; 43: 236-40. [CrossRef]

2. Steinhausen TB, Dungan CE, Furst JB, Plati JT, Smith SW, Darling
AP, Wolcott EC, Warren SL, Strain WH. lodinated organic com-
pounds as contrast media for radiographic diagnoses. lll. Exper-
imental and clinical myelography with ethyl iodophenylundec-
ylate (Pantopaque). Radiology 1944; 43: 230-4. [CrossRef]

3. Hill CA, Hunter JV, Moseley IF, Kendall BE. Does myodil intro-
duced for ventriculography lead to symptomatic lumbar arach-
noiditis? Br J Radiol 1992; 65: 1105-7. [CrossRef]

4. Kanikadaley V. Residual intradural oil-based contrast agent: a
case report. GMJ 2015; 4: S29-S35.

5. Barsoum AH, Cannillo KL. Thoracic constrictive arachnoiditis af-
ter Pantopaque myelography report of two cases. Neurosurgery
1980; 6: 314-6. [CrossRef]

6. Hoffman GS, Ellsworth CA, Wells EE, Franck WA, Mackie RW. Spinal
arachnoiditis. What is the clinical spectrum? Il. Arachnoiditis induced
by Pantopaque/autologous blood in dogs, a possible model for hu-
man disease. Spine (Phila Pa 1976) 1983; 8: 541-51. [CrossRef]

7. Shah J, Patkar D, Parmar H, Prasad S, Varma R. Arachnoiditis as-
sociated with arachnoid cyst formation and cord tethering fol-
lowing myelography: magnetic resonance features. Australas
Radiol 2001; 45: 236-9. [CrossRef]

8. 0o M,Wang Z, Sakakibara T, Kasai Y. Magnetic resonance imaging
findings of remnants of an intradural oil-based contrast agent: re-
port of a case. J Spinal Cord Med 2012; 35: 187-90. [CrossRef]

9. Hwang SW, Bhadelia RA, Wu J. Thoracic spinal iophendylate-in-
duced arachnoiditis mimicking an intramedullary spinal cord neo-
plasm. Case report. J Neurosurg Spine 2008; 8: 292-4. [CrossRef]

10. Mason MS, Raaf J. Complications of pantopaque myelography.
Case report and review. J Neurosurg 1962; 19: 302-11. [CrossRef]

11. Wang SC, Lu PS, Wu PW, Yeh CH, Wang CJ, Chang CC. Intracranial
migration of iophendylate four decades after conventional my-
elography. Br J Neurosurg 2018; 32: 299-300. [CrossRef]

12. Gopalakrishnan CV, Mishra A, Thomas B. lophendylate myelog-
raphy induced thoracic arachnoiditis, arachnoid cyst and syrinx,
four decades later. Br J Neurosurg 2010: 24: 711-3. [CrossRef]

13. Rahimizadeh A, Rahimizadeh A. Imaging features of retained
subdural pantopaque 28 years after myelography. WScJ 2012; 3:
15-8.

14. Deep NL, Patel AC, Hoxworth JM, Barrs DM. Pantopaque con-
trast mimicking intracanalicular vestibular schwannoma. Laryn-
goscope 2017; 127: 1916-9. [CrossRef]


https://doi.org/10.1148/43.3.236
https://doi.org/10.1148/43.3.230
https://doi.org/10.1259/0007-1285-65-780-1105
https://doi.org/10.1227/00006123-198003000-00018
https://doi.org/10.1097/00007632-198307000-00011
https://doi.org/10.1046/j.1440-1673.2001.00911.x
https://doi.org/10.1179/2045772312Y.0000000002
https://doi.org/10.3171/SPI/2008/8/3/292
https://doi.org/10.3171/jns.1962.19.4.0302
https://doi.org/10.1080/02688697.2016.1265092
https://doi.org/10.3109/02688697.2010.522746
https://doi.org/10.1002/lary.26340

170

Subject Index

Accidental displacement, 50
Aging, 99

AH plus, 117

Airway changes, 33

Alkaline phosphatase, 12
Anatomy, 75

Angle classification, 127
Bone, 131

Bur, 59

Caries, 150

Casein phosphopeptide amorphous
calcium phosphate, 69

Cavalieri’s principle, 105
Cavity preparation, 59
CBCT, 94

Ceramic, 122

Child perceptions questionnaire, 39
Children, 25
Chlorhexidine, 82
Coeliac disease, 150
Color determination, 45
Color stability, 19
Coloring, 122
Complication, 50, 162

Cone beam computed tomography, 50,
55,167

Cone-beam CT, 105
Contrast media, 167
Crystal phase, 12

Curve of spee, 127

Defect, 105

Deformation, 89

Dental anomaly, 55

Dental enamel defects, 150

Dental eruption, 150

52t Volume Index

Dental instruments, 89
Dentin desensitizing agents, 69
Developmental anomaly, 111
Diabetes mellitus, 143
Diagnostic imaging, 167
Diode laser, 133

Ectopic eruption, 1
Education, 6

Educational status, 137
Ekman-Westborg-Julin, 55
Endodontics, 64
Endosequence BC sealer, 64
Er,Cr:YSGG, 59, 133

Er:YAG, 59

ErCr:Ysgg lasers, 131

Eye color, 45

Fluid filtration method, 117
Fracture resistance, 59
Fracture, 89

Ghost teeth, 111

Green tea, 19

H. perforatum, 143
Hardness, 99

Image reconstruction, 105
Infratemporal fossa, 50
Irrigant, 64

Intraoral spectrophotometer, 45
Linear, 33

Long-term adverse effect, 167
Macrodontia, 55
Malocclusion, 127

Mandible, 127

Makxilla, 94

Maxillary molars, 75

Mesiodens, 162

Micro CT, 75

Microleakage, 117

Mouth rinses, 19

MTA fillapex, 117
Multituberculism, 55
Nanoparticles, 99

NiTi rotary system, 89
Odontodysplasia, 111

Oral and maxillofacial surgeon, 137
Oral health, 6, 25

Oral mucosa, 143, 157
Orthodontic bonding, 69
Orthodontics, 39, 127
Orthognathic surgery, 33
Panavia-F 2.0, 82

Panoramic radiography, 167
Parents, 6

Patient perception, 137
Patient preference, 139
Pediatric population, 162
Pediatric, 25

Pedodontics, 1

Practitioner gender, 137
Pre-osteoblastic cell, 12
Prevalence, 1, 162
Professional, 6

ProTaper Universal, 89
Provisional dental materials, 19
Pulp dimensions, 75
Push-out test, 64

Qmix, 64

Quality of life, 25, 39
Radiographic study, 162
Rapid expansion, 94
Recurrent aphthous stomatitis, 150, 157



171

RelyX U200, 82

Resin cement, 122
Resorption of primary second molar, 1
Restorative dentistry, 75
Saliva, 157

Sealapex, 117

Shear bond strength, 69, 122
Shear strength, 82

Shell teeth, 113

Shore A, 99

Silicone elastomers, 99

Skeletal change, 94

52t Volume Index

Skin color, 45

Soft tissue, 131
Spectrophotometer, 19
St. John's Wort, 143
Supernumerary, 50
Surface area, 33
Surface roughness, 12
Temperature rise, 131
Three-dimensional imaging, 105
Titanium dioxide, 12
Tooth bleaching, 69
Tooth color, 45

Tooth eruption, 111
Toothbrushing, 6
Transvers deficiency, 94
Traumatic ulcer, 157
Tumour necrosis factor-alpha, 157
Turkish, 39

Validation, 39

Validity and reliability, 25
Variolink, 83

Volumetric, 33

Wound healing, 143

Zirconia, 122



172

Author Index

Adnan Oztiirk, 131
Ahmet Altan, 143
Ahmet Can Yilmaz, 39
Alper Alkan, 50

Alper Sindel, 131
Ananya Madiyal, 157
Arzu Alagoz, 39

Arzu Pinar Erdem, 162
Asli Baysal, 69

Ayca Yilmaz, 89

Aysen Yarat, 150
Berrin Celik, 167

Bilge Gokgen Rohlig, 82
Burak Kocabalkan, 131
Burcin Alev, 150
Canan Akay, 19

Cansu Alpaslan, 143
Cem Dogan, 25

Cihan Aydogan, 39
Cagn Delilbasi, 94, 137
Dale A. Baur, 33, 105
Damla Aksit Bicak, 150
Dilruba Sanya Sadikzade, 39
Duygu Yaman, 111
Edit Xhajanka, 45

Elcin Bedeloglu, 55
Erhan Erkan, 64

Faisal A. Quereshy, 33, 105
Fatih Aksoy, 59

Figen Seymen, 111
Gamze Aren, 162
Gizem Colakoglu, 55
GoOkhan Giirler, 94, 137

52t Volume Index

Gokmen Kurt, 69

Gil Tosun, 117

Gulbike Demirel, 75
Gilsim Ak, 162

Guilsim inci, 117
Gllsilay Sayar, 127
Gulumser Evlioglu, 82
Guzide Pelin Sezgin, 64
Hakan Ocak, 50

Halenur Altan, 117
Harshini Ullal, 157
Hasan Gokee, 143
Humzah A. Quereshy, 33
Hisamettin Oktay, 127
Isil Karagoz Kiiclikay, 89
Isil Kaya Buiyukbayram, 55
Isil Turp, 122

ibrahim Damlar, 143
iffet Yazicioglu, 25

ilkay Peker, 167

ilkin Tuncel, 122

ipek Kacar, 94, 137
ismail Hakki Baltacioglu, 75
John Lawrence Ricci, 12
Jonathan T. Williams, 33
Jose F. Teppa, 105
Judith Jones, 25

Kaan Orhan, 75

Koray Gengay, 111
Korkud Demirel, 111
Linda Dula, 45

Madina Gulverdiyeva, 19
Magrur Kazak, 55

Mehmet Ali Altay, 33, 105
Mehmet Ali Elcin, 55
Mehmet Eray Kolsuz, 75
Merve Cakirbay Tanis, 19
Merve Usta, 150

Michael P. Horan, 105
Mine Koruyucu, 111
Mustafa Glindogar, 64
Mutan Hamdi Aras, 143
Mukerrem Hatipoglu, 131
Nafiye Urganci, 150

Nelli Yildirrmyan, 105
Nevin Kaptan Akar, 94
Nexhmije Ajeti, 45

Nihal Berke Bulut, 82
Nilay Er, 50

Nisa Gul Amuk, 69

Nuran Ozyemisci Cebeci, 6
Nuray Uslu Kizilkan, 150
Oguzhan Ozcan, 143
Olgu Nur Dereci, 131
Omiir Dereci, 131

Ozen Dogan Onur, 162
Ozgiin Yusuf Ozyilmaz, 64
Ozlem Ucok, 167

Oznur Ozalp, 33, 131
Pinar Cevik, 99

Raul I. Garcia, 25

Rastu Daglaroglu, 89
Samet Tosun, 59

Secil Karakoca Nemli, 6
Senem Unver, 6

Serap Akyliz, 150



173

Sharon Rich, 25
Shruthi Hegde, 157
Sitki Selcuk Gokyay, 89
Sinem Yeniyol, 12
Subhas Babu, 157
Suchetha Kumari, 157

52t Volume Index

Sumit K. Nijhawan, 105
Tamer Celakil, 82

Teuta Bicaj, 45

Teuta Pustina-Krasniqi, 45
Turker Yicesoy, 50

Ugur Aydin, 59

Umut Pamukcgu, 167
Vidya Ajila, 157
Yakup Ustiin, 69
Yeliz Gliven, 1

Zana Lila, 45
Zeynep Goztas, 117



174

Reviewer List

52" Volume Index

September 2017 - September 2018

Dear readers,

Our reviewers perform very important and precious role in the evaluation of the scientific articles, make valuable contributions
to the increasing quality and the rising at an international level of the European Oral Research.

Editorial Board would like to thank all the reviewers that are listed below for their support in European Oral Research in 2018.

Abdiillaziz Samran
Ahmed El Gamal
Ahmet Arslan

Alev Aksoy

Ali Cekici

Alp Saruhanoglu
Alparslan Dilsiz

Altug Cilingir

Banu Karayazgan
Banu Koyuncu Ozveri
Basak Durmus

Bengi Yilmaz

Bjorn Bamse Mork-Knutsen
Bruno Carvalho De Vasconcelos
Burak Cankaya

Burak Sagsen

Burcu Cakilct Ozdemir
Burcu Senguven
Bilent Sermet

Canan Bural

Ceyda Ozcakir Tomruk
Cagri Delilbasi

D. Dalla Torre

Denise A. Mills

Dilsah Cogulu

Dubravka Knezovi¢ Zlatari¢

E. Bahar Tuna inci

E. Nursen Bakir Topguoglu
Ediz Deniz

Emre Bodrumlu

Erdem Karabulut

Ersan Ersoy

Esin Alp6z

Evren Oztas

Farhad Tabatabaian

Filiz Namdar Pekiner
Ghaida A. Al Jamal
Graham Davis

Guhan Dergin

Hanifi Kurt

Hikmet Aydemir
Huseyin Karayllmaz
ilkay Peker

inci Oktay

Jefferson Ricardo Pereira
Kemal Ustiin

Kezban Meltem Colak Topgu
Kivang Bektas Kayhan
Korosh Roshanghias

M. Murat Kogak

Maria G. Silva

Mehmet Okan Ak¢cam

Merva Soluk Tekkesin
Mesut Enes Odabas
Mustafa Altunsoy
Neda Naghavi
Neslihan Simsek
Nimisha Shah
Oktay Yazicioglu
Onur Gegili

Oviil Kiimbiiloglu
Pembegdl Uyar
Safa Tuncer

Sami Dogan
Semanur Délekoglu
Senem Gékeen Yigit Ozer
Sila Mermut Gokce
Sibel Elif Guiltekin
Sule Bayrak

Sule Bulut

Tamer Tasdemir
Tanju Kadir

Tuba Tortop

Ufuk Tatli

Volkan Turp
Yongchun Gu

Yusuf Emes

Zeynel Emre Nagas





