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AUTHOR GUIDELINES

General information

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

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

Who is an author ?

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

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

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

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

Publication ethics and avoiding

allegations of plagiarism

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

Ethical approvals

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

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

Clinical trials

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

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

DNA Sequences and Crystallographic
Structure Determinations

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

Submission forms

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

All three documents are available for down-
load at:

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

Language

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

Style and format

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

Unit abbreviations

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

Title page

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

page.

Abstract & Keywords page

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

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

In-text citations

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

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

“John and James (1) demonstrated..”.

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

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

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

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

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

Original research articles

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

. Title page

+  Abstract & Keywords

+  Introduction

«  Materials and Methods (or Subjects and
Methods)

«  Results

«  Discussion

«  Conclusion

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Case reports/Case series

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

. Title page
«  Abstract & Keywords

A-VIlI
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«  Introduction

«  Case report (or case series)

«  Discussion

«  Conclusion

«  Acknowledgements (optional)
«  Source of funding

- Conflict of Interest

. References

Narrative or systematic reviews and
meta-analyses

Narrative review articles are limited to 10
pages including the main text, references,
tables and figures. The manuscripts should
summarize the current state of understand-
ing on a particularly important topic in
dentistry based on previously published
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Changes in airway patency and sleep-breathing in healthy
skeletal Class Il children undergoing functional Activator therapy

Purpose

Several studies agree that an abnormal maxilla-mandible relationship correlates
better as an Obstructive Sleep Apnea (OSA) predictor, rather than obesity. One of
the orthodontic therapies recommended for this kind of craniofacial deformity is
to advance the mandible forward with an orthodontic activator, therefore, the aim
of this study is to determine if healthy children that use this appliance experience
a widening of the upper airway as well as an improvement in their sleep-breathing
patterns.

Materials and Methods

39 healthy children, 20 for activator group (10 boys and 10 girls, 4 mean age 10.9
+ 0.9; BMI 16.2 + 1.4), 19 for control group (13 boys and 6 girls, mean age 5 9.8 +
1.4; BMI 17.6 + 2.1) participated in this study. They were required to submit 2 lateral
cephalometric radiographs both at initial and final stages of evaluation, and finally
three at- home sleep-breathing monitoring results for the activator group and one
for the control group.

Results

After radiographic evaluation, it was found that children in the activator group
experienced an increase in all measured variables. After evaluation with the sleep
monitor, an improvement of sleep-breathing was found in children from the
activator group (p<0.05).

Conclusion

The activator not only provides a harmonious occlusion and proper development
of the mandible, but it also helps improve the quality of sleep-breathing through
widening of the upper airway and reducing the number of disordered breathing
events in children that undergo this therapy.

Keywords: Orthodontic activator, sleep-breathing, upper airway, retrognathic
mandible, at-home sleep monitoring

Introduction

Humans are born conditioned to eat by the mouth and breathe through
the nostrils, an imbalance of this physiological pattern affects growth and
development, not only on facial harmony but also in general health terms;
when the child’s breathing patterns are abnormal, they are then consid-
ered a multifaceted clinical entity, which produces alterations than can
affect their physical and mental development (1,2). Many authors agree
that obesity is a major risk factor for disordered sleep breathing which
includes Obstructive Sleep Apnea (OSA) in children and adults, however,
obesity levels are comparatively low in Japanese society, meaning that
obesity may not be a leading cause of OSA in Japanese children and adult
patients (3-7). Previous studies agree that an abnormal maxilla-mandi-
ble relationship correlates better than obesity as an OSA predictor, es-
pecially in oriental populations (8,9). According to a study in 2017, some
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characteristics that are predominantly associated with OSA
include retropositioning of the mandible, a smaller cranial
base, an increase in the cranio-cervical angle as well as ab-
normal upper airway soft tissue morphology (10). Separate
studies concur that the occlusion of the airway was highly
associated to the anatomical structure of the upper airway
and the mandible (e.g. hypertrophy of the pharyngeal and
palatine tonsils) as one of the major causes of OSA or sleep
disordered breathing in children (11-13).

One of the craniofacial deformities most frequently asso-
ciated with OSA is maxillomandibular anteroposterior and
vertical disproportion which is a result of poor mandibular
growth, that can be ameliorated with simple orthopedic ap-
pliances during a relatively brief time; in children one of the
treatment options include advancing the mandible forward
by fixed or removable orthodontic functional appliances (10).

Hence, maxillomandibular correction represents an import-
ant and effective treatment to snoring and a preventive mea-
sure for OSA during childhood, as previously demonstrated in
children of 4 to 10 years of age treated with removable oral ap-
pliances for 6 months (14,15). Therefore, we assessed the effects
of one of those previously mentioned appliances, the function-
al activator, on healthy children, to determine if there actually is
an improvement in said breathing patterns. By advancing the
mandible forward during orthopedic therapy with the activa-
tor there is the possibility for the upper airway to widen, thus
favoring a better sleep-breathing pattern for children under-
going this therapy (16,17). Therefore, the aim of this study is to
confirm the hypothesis that besides the intended inducement
of development of the mandible the activator may also help
improving healthy sleep breathing patterns in skeletal Class
Il children even when there is an absence of sleep disordered
breathing by increasing their upper airway’dimensions. To test
this hypothesis, several evaluations, including radiographical
assessment of the upper airway, sleep-breathing monitoring
and questionnaires aimed both to the evaluated children and
their parents were implemented.

Materials and Methods
Ethical statement

This research has been approved by the Ethics Review Com-
mittee of Hiroshima University (No. E - 56). Both groups needed
to have provided informed consent from the parent or guard-
ian prior all evaluations. This study has followed the guidelines
stated in the Helsinki Declaration for clinical investigations.

Study sample

Subjects in this study consisted of 39 children, 20 for ac-
tivator group (10 boys and 10 girls, mean age 10.9+0.9; BMI
16.241.4), 19 for control group (13 boys and 6 girls, mean
age 9.8+1.4; BMI 17.6%+2.1). This sample size was decided
from the subjects that were indicated to wear an activator to
treat a Class |l skeletal discrepancy.

Anatomical features

The anatomical references that divide the skeletal pattern
into Class | and Il are SNA angle (anteroposterior position

of the maxilla), SNB angle (anteroposterior position of the
mandible) and ANB angle (relationship between the maxil-
la and the mandible), The skeletal pattern of the subjects in
the control group at the beginning of the evaluation period
was, SNA 81.3+0.3, SNB 76.4+2.3 and ANB 4.8+1.2, and for
the subjects of the activator group were SNA 80.7+2.5, SNB
74.6+0.9 and ANB 6.8+1.7, from the average assessed values
all our participants were divided accordingly with character-
istics that the literature consensus agreed are skeletal Class
| for the control group and Class Il for the activator group
respectively.

Inclusion and exclusion criteria

For the activator group, the specific inclusion/exclusion re-
quirements included being skeletal Class Il patients current-
ly undergoing Andresen orthodontic activator and to have
successfully cleared all screening tests. For the control group
the specific inclusion/exclusion requirements, irrespectively
of the orthodontic appliance used, that fulfill the following
criteria: healthy skeletal Class | children who have success-
fully cleared all screening tests. Inclusion criteria for both
groups included no previous history of sleep-related child
breathing disorders, general good health, and agreement to
be evaluated for the duration of this study, exclusion criteria
included previous adenoidectomy, allergic rhinitis, muscular
disorders, maxillofacial clefts or any systemic diseases.

Dental appliance

All patients in the activator group were treated using the
acrylic—splint Andresen functional activator appliance to the
point of mandibular advancement. It consisted of two an-
terior labial bows, one for the upper dentition and another
for the lower dentition, both being straight 0.9 mm wires
that embrace the labial surface of the anterior dentition
from each left and right lateral tooth with two loops that
go upwards to the buccal corridor from half point the labial
surface of both left and right canines and end in the palatal
surface immediately behind the canines. The average treat-
ment time was 18.3£3.2 months. The mandible was initially
advanced 6.0+1.7 mm on average and was opened by 4.0 +
1.0 mm vertically. Subsequent stepwise anterior activations
were needed depending on the case.

For the control group, the orthodontic appliance used for
their respective cases was irrelevant for this study, unless it
impeded the use of a portable sleep monitor to evaluate
their sleep-breathing patterns.

Questionnaires

As a method for screening if the child or the parents have
noticed any abnormal sleep-related behavior, two different
questionnaires were given to the patients and to the parents,
respectively. First, an Epworth Daytime Sleepiness Scale (ESS)
questionnaire was distributed among the children (Figure
1). This is a self-administered questionnaire that provides a
scaled measure of a person’s, in this case children, general lev-
el of daytime sleepiness. Because we are dealing with under-
age subjects, questions related to the consumption of alcohol
included in the original questionnaire have been modified
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(18). The second questionnaire used was the Sleep Related
Breathing Disorder Subscale (SRBD) (Figure 1). In this case,
this questionnaire is answered by the parents with informa-
tion concerning what they have witnessed of their child’s usu-
al sleep behavior (19). Both surveys were given to the subjects
and their parents or guardians at the initial stage and towards
the end of active treatment to both study groups.

Cephalometric analysis

To confirm in a physical tangible way that the changes
measured in this study were indeed happening, three lateral
cephalometric radiographs were required from the patients.
Lateral cephalometric radiographs were taken in the up-
right standard natural head position at two time points (TO;
initial record, and T1' towards the end of active orthodontic
treatment) for both groups; tracing was constructed on each
lateral cephalography before performing the analysis. All ra-
diographs were traced again after a month to check for in-
consistencies. All cephalography radiographs were taken by
an experienced technician in and manually traced by the first
author, with the anatomical landmarks presented in Figure 2.

Upper airway linear width

The anteroposterior size of the upper airway has always
been a topic of scrutiny when speaking about the effects of
certain oral appliances, in this case we divided our analysis
into linear and volumetric area of the upper airway. The an-
teroposterior lines of reference used to evaluate the width of
the upper airway were (20): SPAS: The thickness of the airway
behind the soft palate along a line parallel to Go—B. MAS: The
thickness of the airway along a line parallel to Go-B through
P. IAS: The thickness of the airway along a line extended
through Go-B. (Figure 3t0") To measure the total volume
or area of the remaining sections of the upper airway, the
oropharynx (the part of the pharynx that lies between the
soft palate and the hyoid bone) and the hypopharynx (part

Epworth Sleepiness Scale—Children

How likely are you to doze off or fall asleep in the following situations, in contrast to feeling

just tired? This refers to your usual way of life in recent times. Even if you have not done
some of these things recently, think about how they would have affected you. Use the
following scale to choose the most appropriate number for each situation.

O=would never doze or sleep

1=slight chance of dozing or sleeping
2=moderate chance of dozing or sleeping
3=high chance of dozing or sleeping

Circle the most appropriate number for each situation

1. Sitting and reading 0 1 2 3
2. Watching television 0 1 2 3
3. Sitting inactive in a public place (for example, a movie

theater or classroom) 0 1 2 3
4. As a passenger in a car for an hour without a break 0 1 2 3

5. Lying down to rest in the afternoon when circumstances
Permit 0 1 2 3

6. Sitting and talking to someone 0 1 2 3
7. Sitting quietly after lunch 0 1 2 3
8. Doing homework or taking a test 0 1 2 3

of the pharynx extending from the hyoid bone to the lower
margin of the cricoid cartilage) (Figure 3)(20).

At-home monitoring of sleep-breathing

As a method of assessing the changes of breathing patterns
during functional orthopedic therapy, the patients were asked
to use a type 3 portable sleep monitor (BRIZZY NomicsO, Liege,
Belgium) (Figure 4) three times, once without using the activa-
tor to check normal breathing parameters (T0); a second time
with the child wearing the activator to confirm whether sleep-
breathing improves (T1), data collection for this stage with the
activator inserted was done once use of the oral appliance had
been stable and continuous. A third time was asked for the
subject patients in the activator group when activator thera-
py was finished or almost finished (T2). For control group, only
one time was required to compare. This portable monitor (PM)
works with midsagittal sensors which are positioned one in the
chin and the other on the forehead, these must be positioned
on the same axis and parallel to each other; these sensors mea-
sure the jaw movement by electromagnetism which is released
in very low energy magnetic pulses and in short duration. By
measuring the movements and behavior of the lower jaw
during sleep, this monitor can determine which kind of respira-
tory event the patient is having.

From using this device many indicators of sleep distur-
bance can be measured, such as, Respiratory Disturbance
Index (RDI), or apnea hypopnea index, is the number of
obstructive, central, and mixed events per hour of sleep,
Arousal Index, (ARL) or number of arousals or discontinuity
per hour of sleep. This monitor also provides valuable infor-
mation about a patient’s obstructive, central and mixed re-
spiratory events.

Statistical analysis

All statistical analyses were performed using MedCalc
Statistical Software version 17.8.6 (MedCalc Software bvba,

4. The SRBD questionnaire.

Child's Name: Study 1D #:
Person form: Date: T

Please answer these. oms regarding the behavior of your child during sleep and wake fulness. The
ques tions apply to how vour child acts in general during the past moath, 0ot neces arily during the past few
days since these may not have been typical ifyour child has not been well. You should circle the correct
response or primr your answers neatly in the space provided. A “Y” means “yes,” “N" means “no,” and
“DK” means “don’t know.”

1. WHILE SLEEPING, DOES YOUR CHILD:
Spore more than hal
Albways snore?

22222
-]
R
teted

Have “heuvy” or kel breathing?
Have trouble breadhing, or struggle

2. HAVE YOU EVER SEEN YOUR CHILD STOP BREATHING DURING

3. DOES YOUR CHILD:

Tend to breathe dhrough the mowh ding the day N DK aze
Have a dry mouth on waking up i the moming? N DK A28
O x wetthe bed? ................cl, N DK Asz
4. DOES YOUR CHILD:
Wake up feelng unrefreshed in the morming? .¥ N DK 8
Have a problem with sleepiness during the day? . -~¥ N DK =
5. HAS A TEACHER OR OTHER SUPERVISOR CO!
CHILD APPEARS SLEEPY DURING THEDAY? ...... DK B

6. ISITHARD TO WAKE YOUR CHILD UP IN THE MORNING? ....

7. DOES YOUR CHILD WAKEUP WITH HEADACHES INTHEMORNING?....Y N DK | s
£ DIiD YOUR CHILD STOP GROWIN RATEA
ANY TIME SINCE BIRTH? ............ VESRER SN DK B
9. 1S YOUR CHILD OVERWEIGHT?..... DE | m
0 THIS CHILD OFTEN:
Does not seem 1o isten when spoken to direetly. ... =¥ W DE o
Has diffeully erganizng tasks i N DK s
Is easily dismacted by extranecus stamik ....... N DK |o
Fidgets with hands or feet or squitns m seat. ......... N DE |ocw
1a"n e ¢ o aflen act as i riven by & e N DK |cu
Internpts ox intrudes an others (eg. s ifo conversation or games). . N DK |cu

Thank you!
© Ragenis oo Untrersty s Phlichigan 2606

Figure 1. LEFT - The ESS questionnaire modified for children. RIGHT — The SRBD scale questionnaire.
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Figure 2. Anatomical points of reference used for the
cephalometric analysis in this study. They include: S: Center
of Sella. N: Most anterior point of the frontonasal suture. Or:
Lowest point on the average left and right inferior borders of
the bony orbit. Po: Highest point on the superior surface of soft
tissue of the external auditory meatus. Pt: Pterygoid point. ANS:
Apex of the anterior nasal spine. PNS: Intersection between the
nasal floor and the posterior contour of the maxilla. A: Most
posterior point on the anterior contour of the upper alveolar
process. B: Most posterior point on the anterior contour of
the lower alveolar process. P: Lowest point of the soft palate.
Pog: Most anterior point of the contour of the chin. Gn: Point
on the chin determined by bisecting the angle formed by the
facial and mandibular planes. RGn: Retrognathion, the most
posterior point of the mandibular symphysis along the FH
plane. Go: Most posterior—inferior point on the convexity of the
angle of the mandible. Eb: Most anterior-inferior point of the
epiglottic fold. Et: Tip of the epiglottis, the most superior point
of the epiglottis. C3: third cervical vertebra. C4: fourth cervical
vertebra.

Ostend, Belgium; http://www.medcalc.org; 2019) and/or Mi-
crosoft Excel-based software unless otherwise stated. Data
are presented as mean = standard deviation (SD); ANOVA
tests were used to compare the differences between the
baseline and follow-up cephalometric and for the at home
sleep monitoring values for each variable. Unpaired t-test
was used to determine significance of the changes in the
skeletal pattern of the children, as well as the upper airway
size for both groups. A P value of < 0.05 was considered to
indicate statistical significance.

Results
Questionnaires

The mean score of ESS administered to both groups are
as follows; for the control group an average score of 4.7+1.5

Oropharynx

Hypopharynx

(1) SPAS

Figure 3. The areas delimitating the anteroposterior width of
the upper airways and the area of the oropharynx and the
hypopharynx.

Figure 4. LEFT — The body of the PM used in this study. RIGHT —
The facial sensors attached to the appliance.

was obtained, whereas for the activator group an average
score of 4.8+3.6 at the initial stage and of 4.5+3.0 towards
the end of active treatment. Because all results are below
8 marks at all assessed points, we can say that these scores
are within the normal range. The results yielded from the
SRBD subscale were of 0.15+0.1 for the control group and of
0.22+0.2 for the activator group at the initial stage of treat-
ment and of 0.14+0.1 towards the end of active treatment,
revealing a slight betterment in the sleep breathing patterns
of the children as perceived by their parents.

Cephalometric analysis

After tracing, digitizing, and determining the linear mea-
surements to be assessed, it can be seen on the different
tests that the airway space is generally wider in the test
group than in the control group. The mean values for the
measurement of the linear and volumetric size of the up-
per airway when comparing the activator (1.00+0.30) and
control group (0.87+0.17) at TO, show that at baseline both
groups have a very similar width and area size of the upper
airway (Table 1).
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The anteroposterior width of the airway is shown to have
an increasing trend over time. A significant increment in
the linear width of SPAS measurement can be observed at
T1’ of the activator group (1.13£0.29). After one-year mea-
surements potentially show that these changes are kept
with continuous use of the activator. The volumetric area
of the upper airway is shown to widen when the activator
is in mouth, with the oropharyngeal space showing a sig-
nificant increase when comparing T1’ of the control group
(3.65+0.87) and T1' of the activator group (4.37+0.97). Over-
all, the upper airway sees an increasing trend over time, and
even more so at T1"than at the starting point in T0’ (Table 1).

At-home monitoring of sleep breathing

All indicators of severity decrease significantly when
the children wear the activator to sleep, which means the

sleep quality is improved when the activator is in mouth
during sleep time. RDI and ARL values show a statistical
difference of P<0.05 when evaluating the statistical sig-
nificance. All indicators of severity decrease significantly
especially in T1, when the activator is inserted, RDI keeps
the same decreasing trend after removal of the activator,
in T2. Even though the number of arousals (ARL) is a little
higher in T2 than in T1, it has the same levels as control
group (Table 2). Because the subjects for this study were
all generally healthy children, there is some sleep-breath-
ing interruption to be expected. Respiratory events quan-
tify how many times these interruptions happen and if
they are less when wearing the activator as seen on Table
3, the total number of respiratory as well as obstructive
events significantly decrease fromTOto T1 and TOto T2 in
the activator group.

Table 1. Mean values of the linear and volumetric area measurements of the upper airways. * p <0.05.

Cephalometric variable Control group (T0’) Control Group (T1') Activator group (TO0’) Activator group (T1’)
SPAS (cm) 0.87£0.17 1.08+0.20 1.00+0.30* 1.13+0.29
[ * |
MAS (cm) 1.20+0.29 1.2240.18 1.184+0.36 1.26+0.29
IAS (cm) 1.00+0.33 1.02+0.35 0.92+0.31 1.01:0.22
Oropharynx (cm?) 3.61+0.82 3.65+0.87 3.89+1.05 4.3740.97
| % |
Hypopharynx (cm?) 1.52+0.81 1.66+0.89 1.32+0.75* 1.65+0.72

Table 2. Changes in the values of the indicators of sleep breathing severity depending of the treatment stage for the Activator group comparing

them to the values from the Control group. *p<0.05, **p<0.01

Control Activator group (T0) Activator group (T1) Activator group (T2)
RDI (n/h) 1.03+£1.37 2.25+3.6 0.84+1.1 1.93+2.3
*
ARL (n/h) 9.33+1.96 11.15+3.4 7.9442.5 9.56+3.5
[ d |

Total Respiratory events (n/h) 6.5+8.3 20.45+12.8 4.65+7.8 13+£9.4

[ d |
Obstructive events (n/h) 6.5+8.3 20.35+£12.8 4.55+7.8 13£9.4

[ * | | ** |

[ ** |
Central events (n/h) 0.05+0.22 0.05+0.22
Mixed events (n/h) 0 0.05+0.22 0.05+0.22 0

Table 3. Summary of the initial skeletal relationship of the subjects in this study. *P<0.05

SNA angle SNB angle ANB angle
Initial (TO’) Final (T1") Initial (TO’) Final (T1') Initial (TO’) Final (T1')
Control Group 81.310.3 81.1+2.7 764123 76.3+2.2 4.8+1.2 4.3t1.5
Activator Group 80.7£2.5 81.4+2.8 74.610.9 77.211.6 6.8+1.7 4.24+2.2

| % | | * |
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Final skeletal pattern relationship

After a year on average of continuous functional therapy
with the activator, the skeletal relationship of the activator
group changed positively to a more harmonious craniofacial
relationship (Table 3).

Discussion

The aim of this study was to determine if wearing a func-
tional orthodontic activator, intended for improving a ret-
rognathic mandible, would also help improve the child’s
sleep-breathing by widening of the patient’s upper airway.
The findings in this study demonstrate that after continuous
functional therapy with the activator, not only does the up-
per airway widens, the changes are kept even at the end of
active treatment (T2 results in the sleep monitor, T1’ of the
cephalometric results). This is evident when assessing the
radiographic findings which are in turn corroborated by the
results obtained from the PM.

The results obtained from the questionnaires used showed
that according to the ESS questionnaire, the children do not
self-report levels of daytime sleepiness outside what would
be considered normal for school age children. The average
score obtained on both stages for the evaluated skeletal
Class Il children demonstrate that daytime sleepiness is not
a concerning issue for the children evaluated in this study.

The final results obtained from the PSQ in both stages re-
spectively for the activator group, shows that the parents’
perceived sleep-breathing patterns of the children, improve
over time and by the end of active treatment, the overall
score improves after wearing the activator.

The consensus around the dental community is that skele-
tal Class Ilis a complex condition that may be corrected using
different alternatives of treatment such as fixed, Andresen,
Twin Block, Herbst, Bio bloc or headgear appliances (21-23).
Concerning the present study, it was decided to evaluate the
influence that the Andresen activator has not only physically
on the upper airway, but also how these changes relate to
sleep-breathing patterns as assessed with a PM.

The present study reveals that the anteroposterior width of
the upper airway increases in size steadily over the course of
the evaluation time, especially the superior airway space or
SPAS. This may be due to the fact that the children assessed
did not suffer from any condition that would constrict the up-
per airway and the linear size of the upper airway from the
activator group was comparable to that of the control group.

In a study using the Faramand appliance, it was found that
mandibular advancement has the potential to increase the
dimensions of the upper airway during treatment and this
increase in dimension remains stable over a long period (4
years + 2-8 years), which strongly agree with the results
from this study, when analyzing the anteroposterior size of
the upper airway it was found that not only are the changes
keptin T1, but there is also an increase in size of the evaluat-
ed measurements (24).

Regarding the dimension of the upper airway, especially
on the areas delimited by the oropharynx and hypopharynx,
there was a slight increase in the volume of both sites, es-
pecially the oropharynx experiences a larger increase than
the hypopharynx which remains stable after a year of func-

tional therapy at T1' This may be explained by the fact that
the activator when inserted the base of the tongue which is
located in front of the anterior wall of the soft palate expe-
riences an anterior displacement of the tongue induced by
the activator which in turn reduces the tongue’s gravitation-
al effect on the soft palate, thus enlarging the oropharynx’s
measurements (25).

Changes of the dimension of the hypopharynx shown in
the present study reveal a minor increase of this area of the
upper airway that is kept stable after a year of continuous ac-
tivator therapy at T1; in spite of this no statistical significance
could be found. The fact that following treatment with the
activator, anterior displacement of the base of the tongue,
by means of anterior repositioning of the mandible, can ex-
plain the increase in the hypopharyngeal dimension and its
stability at T1 This is in accordance with a study by Isono et
al (26), which stated that there is an increase in the dimen-
sions of the airway which result from mandibular anterior
displacement even in obese individuals without failure.

Another study performed by Horihata et al, reported an
increase in the anteroposterior width and total dimension
of the upper airway after activator therapy when comparing
to initial data, which is in accordance to the results from this
study (27).

In the studies by Tsuiki et al, and Poon et al, when an oral ap-
pliance treatment was used in adult patients to treat mild OSA,
they found an increase in the area behind the soft palate on the
oropharynx, this conclusion agrees with this study which sees a
similar result when assessing the same area (28,29).

There is a large amount of studies done to assess the chang-
es of the upper airway post-functional therapy, despite this,
the results are conflicting in that many of these studies re-
search said changes evaluating the effects of a variety of
functional appliances, and depending on the appliance being
studied and the methodology the results also vary (27).

Shepard and Thawley proposed that most problems as-
sociated with respiration are present in the oropharynx, im-
provement of the size of this section with the use of the ac-
tivator increases the importance of this functional appliance
(30). However, studies done evaluating the upper airway
changes following functional appliances agree that if the
main mechanic is to move the lower jaw forward to achieve
facial balance and correct occlusal posture, there is an added
benefit when continuous use of the appliance is achieved,
which is an increased size of the upper airway.

Overall, the activator produced positive changes in the
skeletal pattern of children demonstrated a significant de-
crease in the difference of the various craniofacial angles
evaluated in skeletal Class Il children.

The SNA angle increased an average of +1.2 degrees from
TO to T1 in the activator group, this result contrast with the
ones by Mills, where he found a reduction of said angle (31).
The SNB and ANB angles changed significantly, with an in-
crease of the former and a decrease of the latter. Normal cra-
niofacial growth and development, greatly assisted by the
effects of the activator, propels the changes earlier demon-
strated by the widening the upper airway. This shows that
with proper compliance in the use of functional appliances,
the changes from skeletal Class Il to Class | are achieved, this
is in accordance to the study by Santamaria-Villegas et al,
but contrasting to the study by Koretsi et al, which affirms
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that functional appliance mainly influence dento-alveolar
changes rather than skeletal ones (32,33).

Concerning the sleep test done for this study, it must be
noted that type 1 polysomnography (PSG) tests remain the
gold standard for the diagnosis in patients suspected of hav-
ing comorbid sleep disorders, unstable medical conditions,
or complex sleep-disordered breathing. Type 3 PMs used in
sleep studies are safe and convenient for diagnosing OSA in
patients with a high pretest probability of moderate to severe
forms of the condition without substantial comorbidities (34).

The results that the PM used in this study yielded, reveal
that almost all indicators of respiratory severity decrease sig-
nificantly when the activator is inserted, and the decrease
is significantly stable at T2 after functional therapy. The
indicator for RDI shows a positive decrease from TO at the
beginning of treatment with activator and a significant im-
provement at T1 when the applianceis inserted during sleep
time. Even though no significance was found for the results
obtained for T2, there is a positive trend of a decreased RDI
when the activator is removed.

The number of arousals as determined by the ARL variable
also show a significant reduction from TO to T1 in the activa-
tor group. This is explained with the fact that as the activa-
tor is inserted throughout the night, the physical changes
brought upon with the increased size of the upper airway,
the children experience a more refreshed and sounder sleep.

A study done with the Herbst appliance and maxillary ex-
pansion by Schiits et al, showed that when the nasopharyn-
geal complex is enhanced by functional therapy, PSG results
show an improvement in the sleep breathing patterns of
the involved subjects (15). This agrees with the present re-
search that a wider upper airway relates to better sleeping
patterns. Even though the most observed respiratory event
was the obstructive one, the number of obstructive events
perceived by the PM was shown to experience a significant
lowering from TO to T1 when the activator is inserted to
sleep, and even though there is a slightly higher number of
obstructive events from T1 to T2, the number is significantly
(P<0.01) lower than at TO, which is considered as a positive
improvement in the sleep patterns of skeletal Class Il chil-
dren; due to the fact that the data collected from both TO
and T2 points are with no appliances inserted to sleep, the
conditions are considered similar.

Bearing in mind that this research study was done using
data from healthy children, there is a concern if the results
presented thus far could also be applied to cases of child-
hood OSA, regarding this there is a clinical case of one sub-
ject who was supposed to be part of the activator cohort
for this study, however, due to severe signs of childhood
OSA exhibited by said case, it was deemed inappropriate
to include in the present study. However, after continuous
activator therapy with periodical checkups and follow-up
appointments, the PM showed a considerable decrease in all
indicators of severity, as well as less respiratory events, espe-
cially when the activator is inserted (35, 36). All of this can be
translated into saying that functional appliances do in fact
offer a positive impact in skeletal Class Il children, that be-
sides providing an improved facial pattern, they also benefit
from a better sleep thanks to the physical changes brought
upon by functional appliance treatment. Thus, the hypothe-
sis for this study has been accepted.

Future studies validating the results from this kind of PM
should be done with a larger and more varied cohort of
subjects that may include children and adults, with sleep-
breathing conditions ranging from healthy to OSA.

A limitation of this study as mentioned previously include
the relatively small number of participants. In the future,
a bigger cohort of subjects for both Control and activator
group could be evaluated, including a longer evaluation pe-
riod which might include the same number of data collec-
tion points for both groups, as well as an evaluation of the
stability of changes brought upon by the activator in a more
extended period.

Conclusion

It can be concluded that the activator not only provides a
harmonious occlusion and proper development of the man-
dible, but it also helps improve the quality of sleep—breath-
ing through widening of the upper airway and reducing the
number of disordered breathing events in children that un-
dergo this kind of orthopedic therapy. It could be said that the
activator might be useful for preventing and/or diminishing
the future risk of OSA of the children that receive orthodontic
functional treatment with this appliance, so that when they
become adults, they continue to experience improved sleep-
breathing thanks to this activator, however, this is subject for
a future study where this assertion could be confirmed or not.

Tiirkce Ozet: Aktivatér tedavisi géren saglikl iskeletsel sinif
1 ¢cocuklarda hava yolu agikligi ve uyku stiresince solunumda
olusan degisiklikler. Amag: Bazi calismalar, Obstriiktif Uyku
Apnesi'nin (OSA) 6ngériilmesinde maksillo-mandibiiler iliski-
nin obesiteden daha yliksek korelasyon gosterdigi konusun-
da hemfikirdirler. Bu tip bir kraniyo-fasiyal deformitenin te-
davisinde &nerilen ortodontik tedavilerden biri aktivator ile
alt ¢enenin éne alinmasi oldugundan; bu ¢alismanin amaci
bu apareyi kullanan saghkl c¢ocuklarda (st havayoulunda
genisleme ile birlikte uyku sirasindaki solunum seklinde bir iy-
ilesmenin gerceklesip gerceklesmediginin incelenmesidir. Gereg
ve Yontem: 30 saghikli cocuk, 20 cocuk aktivatér grubu (10 erkek
ve 10 kiz; ortalama yas 10.9 = 0.9 yil; BMI:16.2 + 1.4); 19 ¢cocuk
kontrol grubu (13 erkek and 6 kiz, ortalama yas 9.8 + 1.4 yil; BMI
17.6 + 2.1) olarak ¢alismada yer almistir. Aktivatér grubunda
arastirmanin basinda ve sonunda, kontrol grubunda ise bir
kez alinan lateral sefalometrik filmler ve uyku sirasindaki solu-
num 6lciimleri arastirma materyalini olusturmustur. Bulgular:
Radyolojik inceleme sonrasinda, aktivatér grubundaki ¢ocuk-
larda incelenen tiim parametrelerde artis oldugu bulunmustur.
Uyku izleme sonrasinda aktivatér grubundaki cocuklarda uyku
sirasinda solunum patternlerinde iyilesme oldugu bulunmus-
tur (p<0.05). Sonug: Aktivatér apareyi ile tedavi géren ¢ocuk-
larda tedavi sadece uyumlu bir okliizyon ve alt cenenin uygun
gelisimini saglamakla kalmayip, tist havayolunun genislem-
esini saglayarak uykudaki solunum kalitesinin artisini ve bazi
solunum dlizensizliklerinin azalmasini saglamistir. Anahtar Ke-
limeler: aktivatér, uykudaki solunum. tist havayolu, retrognatik
alt cene, evde uyku izleme
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The effect of composite placement technique on the internal
adaptation, gap formation and microshear bond strength

Purpose

This study aimed to compare the efficiency of placement technique on internal
adaptation, gap formation and microshear bond strength (3SBS) of bulk-fill
composite resin materials.

Materials and Methods

Standardized class V cavities were prepared for microcomputed tomography (mCT)
test and divided into four groups (n=12) as follows: Group SDR: Smart Dentin
Replacement system/bulk fill; Group SF2: Sonic-Fill system/bulk fill sonic-activated
composite placement system; Group CHU: Herculite-XRV-Ultra composite resin
inserted with Compothixo/sonic-vibrated composite resin placement system;
Group HIT: Herculite-XRV-Ultra composite resin applied with incremental technique.
Self-etch adhesive (Optibond-XTR) was used for bonding in all groups. After 10000
thermocycling, mCT scans were taken to reveal gap formation at the tooth-
restoration interface and universal testing machine was used to test microshear
bond strength (3 SBS) values (n=10). ANOVA, post-hoc Bonferroni and Tukey HSD
tests were used for evaluating the gap formation and = SBS values (p=0.05).

Results

SF2 and CHU showed the best adaptability compared with both SDR and HIT. The
difference between groups SDR and HIT was statistically significant (p<0.05). = SBS
values were found to be the highest for SF2, and the lowest for HIT groups (p>0.05).

Conclusion
Bulk-fill composite resins placed either with sonic-activated or sonic-vibrated
instrument demonstrated better adaptability, less gap formation and higher bond
strength than both the bulk-fill flowable composite and conventional incremental
techniques.

Keywords: Bulk-fill composite, microcomputed tomography, gap formation, bond
strength, sonic instrumentation

Introduction

The use of resin-based composite (RBC) materials has been increasing
enormously for nearly a decade. Due to the esthetic appearance and
mechanically adequate properties, RBCs are the choice of materials. On
the other hand, the performance of RBCs is influenced by several factors,
including the design and size of the restoration, placement technique
and material itself (1). Although most RBCs meet basic expectations of
dentists in terms of adhesion, sealing, wear resistance, fracture toughness
and biocompatibility, the main deficiencies of RBCs, such as polymeriza-
tion shrinkage and internal stress, still exist (2,3).Polymerization shrinkage
leads to voids, microleakage and debonding of RBCs, generates internal
stresses due to contraction, and results in a series of challenges starting
with voids, leading to gaps, contamination of composite layers, bond fail-
ures between increments and tooth-restoration surfaces (4). Moreover,
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the presence of voids within the final restoration may cause
drawbacks like discoloration due to marginal leakage (5,6).
Furthermore, increased wear and microfractures can occur
depending on the stress concentration around the voids (7-
9). Ultimately, a decrease in bond strength leads to second-
ary caries and postoperative sensitivity, leading to failure in
the final restoration (10).

Various attempts have been made to solve these prob-
lems, including increasing the percentage of the filler con-
tent in the composite matrix and reducing the size of filler
particles (11,12). Several studies have shown that heavier fill-
er loading or decreasing the viscosity of the material would
result in an increased bond strength of the material, while
others concluded that the percentage of the filler content
plays a minor role in adhesion (13-16). However, most stud-
ies agreed on the effect of placement techniques, either in-
cremental or bulk-fill, playing a major role in adaptation and
polymerization (7,17,18). These techniques are faciolingual
layering (vertical), gingiva-occlusal layering (horizontal), the
three-site technique, wedge-shaped layering (oblique), the
successive cusp build-up technique, the bulk technique, and
centripetal build-up (19).

To reduce clinical steps by filling the cavity with a single
increment, bulk-fill composite resins and sonic-activated/
vibrated placement techniques were recently introduced
(12,20). Bulk-fill composite resins can be used as a posterior
restorative material, an underlining or a base material under
suitable RBCs. These materials can be placed up to 4-mm
bulk due to their high viscosity and reactivity to light curing,
minimizing the voids, reducing porosity and improving the
quality of the final restoration (6,21).

Several techniques have been used to evaluate the gap
formation and microleakage at the composite-dentin inter-
face, but most of the results vary due to semiquantitative
scoring according to the degree of dye penetration, subjec-
tive determination of the visual documents or theoretical
characterization of each composite that could not simulate
the real shrinkage behavior of in vivo conditions (22,23). Ad-
ditionally, it is almost impossible to determine and measure
the voids within the bulk of the material using conventional
methods (17,24). Therefore, a nondestructive and quantita-
tive assessment method, X-ray microcomputed tomography
(mCT), was used in this study to quantify and measure the
interfacial gaps and voids and also reconstruct the materi-
als and the surrounding tissues three dimensionally (3D), as
well as to distinguish the different components into a range
of grayscale values, based on the ability to absorb the X-ray
to evaluate properly (25).

The aims of this study were to: 1) compare the placement
techniques’ efficiency in internal adaptation and gap forma-
tion using mCT; 2) test the microshear bond strength (mSBS)
of bulk-fill composite resin materials; 3) compare the effect
of gaps and mSBS values and reveal whether any positive
correlations exist. Although there are former studies focused
on these factors, none evaluated the gaps in the RBCs and
investigated the correlation between the rate of adaptation
and mSBS of the bulk-fill and conventional RBCs.

The hypotheses of the study were as follows: 1) the shear
bond strength will be higher in the sonic-activated/vibrated
groups than the incremental placement technique groups,
2) the adaptability and subsequent gap formation will be a

statistically different between the bulk-fill and incremental
placement technique.

Materials and Methods
Ethical statement

Gap formation and shear bond strength were assessed in
human molars that were extracted for periodontal reasons;
The study protocol has been reviewed and approved by
the Ege University Medical Research Ethics Committee (21-
5T/66). 96 extracted caries-free human third molars (48 for
mMSBS & 48 for mCT test) were selected to create a pool of
teeth for randomization. The teeth were stored in a 2% chlo-
ramine solution for a month.

Specimen preparation for the micro-ct test

Forty-eight double-sided standardized class V cavities
were prepared using a cylindrical medium-grit diamond bur
(835314 010; Komet, Lemgo, Germany) mounted in a high-
speed air turbine (650; KaVo, Biberach, Germany) under wa-
ter cooling. Cavities were prepared in the approximal surfac-
es to achieve similar enamel and dentin thickness at occlusal
and gingival margins of the cavity using these dimensions:
width, 3 mm; length, 3 mm; depth, 4 mm. A two-step self-
etch adhesive (Optibond-XTR, Kerr Co, CA, USA) was used for
bonding in all the groups.The primer was scrubbed with a
brushing motion for 20 s on dentine, air thinned for 5 s, sub-
jected to adhesive application for 15 s and was light-cured
for 10 s (Demi Ultra; Kerr Corp, Orange Co, CA, USA). The
teeth were randomly divided into four groups (n=12): three
experimental and one control. The placement techniques
were explained below:

Group -1 (SDR)

Smart Dentin Replacement (Dentsply, Konstanz, Germa-
ny), is a bulk-fill resin composite placed using the bulk-fill
method.

Group - Il (SF2)

SonicFill2 (Kerr, Sybron Endo, CA, USA), is a bulk-fill resin
composite placed using the sonic-activated composite res-
in placement method. For this group, the SonicFill compule
(compatible with the SonicFill Handpiece) was used.

Group - Il (CHU)

Herculite Ultra XRV (Kerr, CA, USA) is a conventional resin
composite inserted using Compothixo (a portable sonic vi-
bration instrument).

Group -1V (HIT)

Herculite XRV Ultra (Kerr, CA, USA) is inserted using the In-
cremental Technique (Control group).

The materials used in the study, their composition, mode
of application and manufacturer information are shown in
Table 1. The specimens were subjected to a thermocycling
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regimen of 10000 cycles, at 5-55 + 8°C with a dwell time of
2 min using a thermocycling machine (Delta Tpo2, Nemo,
Mashhad, Iran). High-resolution m-CT (mCT 40; SCANCO
Medical, Switzerland) was used to evaluate the adaptation
by measuring the overall gap formation percentage and
void dimensions at the cavity floors (occlusal, pulpal, cervical
& overall) as well as in the bulk. The imaging settings were as
follows: dual-source at 70 kVp; resolution, 8 um; nominal iso-
tropic pixel area, 72 pm.

To minimize the changes in the specimen’s position during
repeated processes, each specimen was mounted on a spe-
cial template. 2D sagittal images of each specimen were ob-
tained from the mesial to distal surfaces of the tooth (Figure
1). Nine hundred sagittal cross-sectional images with an in-
terval of 20 mm from the coronal part of the specimens were
taken. One hundred slices corresponding to the restoration
area (composite-tooth interface) for each specimen at an in-
terval of 30 um were chosen for the measurements.

To analyze the distribution of gaps at the composite-tooth
interface at the occlusal margin (Figure 1a-d), gingival mar-
gin (Figure 1e-h) and voids within the bulk of the material
surface-rendered 3D volumetric models (Figure 1i-l) of each
specimen obtained. The 3D images were analyzed using im-
age analysis software (Imagel ver. 1.46; National Institutes
of Health, Bethesda, MD, USA). The percentage, distribution,
cluster form and volumetric quantity of the dark pixels (voids
& gaps) as well as the light pixels (tested material and dental
hard tissues) were calculated using image analysis software.

Specimen preparation for msbs test and analysis

Twelve teeth for each group were sectioned parallel to
the occlusal surface from the upper middle coronal region
(~ 1.0-mm thick) and perpendicular to the long axis of the
root at one side of the specimen to reach both dentin surfac-
es, using a water-cooled diamond saw (Isomet, Buehler, IL,
USA). The resulting dentin specimens were embedded with
the coronal surface exposed in polyvinyl chloride tubes us-
ing epoxy resin, both occlusal and polished using wet 400-
600-800 grit silicon carbide paper for 60 seconds to create
standardized surfaces.

Twenty resin composite cylinders (1.5 mm. diameter & 6.0
mm. length) were constructed on the dentin surfaces (two
for each teeth) targeting the center of the dentin while avoid-
ing the pulpal horns and enamel residues. After applying
the same adhesive system used in mCT tests, composite cy-
clinders were created with a bonding jig (Ultradent Inc., UT,
USA) and cured for 20 s using the same light-emitting diode
unit. One of the cyclinders on each specimen was constructed
parallel to long axis of the tooth to measure the occlusal den-
tin shear bond strength, while the other cyclinder was con-
structed perpendicular to the long axis of the tooth to mea-
sure the axial-pulpal dentin shear bond strength. Two random
specimens were excluded prior to the mSBS test due to the
technical reasons during composite cylinder construction
phase. After thermocycling procedure, cross-sectional radio-
graphs and mCT images were taken from each sample prior
to the mSBS test to ensure the adaptation was optimal with
no gaps (Figure 2). mSBS was tested using the Universal Test-
ing Machine (Instron Inc,, MA, USA) at a crosshead speed of
1.0 mm/min and 50 kg of load cell using a 0.5-mm-wide chisel.

mSBS values were calculated in MPa by dividing the peak load
at failure to the specimen’s surface area (10).

Statistical analysis

mSBS (Mpa), gap formation (%) and maximum void (mm?)
scores obtained from mCT scans were statistically analyzed us-
ing SPSS version 23.0 (IBM Corp, IL, USA). One-way analysis of
variance and post hoc Bonferroni test were used for evaluating
the gap formation scores and post hoc Tukey HSD test was used
for comparing the mSBS values amongst the groups. Spearman
rank correlation test was chosen to determine the correlation
relationship between gap formation and mSBS results (p=0.05).

Results

The mean mSBS for each group is presented in Table 2. The
highest mean mSBS value was observed in the SF2 group
(17.62 Mpa). A statistically significant difference in mSBS was
found between the test groups and control group (p=0.035).
The results of the post hoc Tukey test showed that SDR and
CHU demonstrated similar results (p=0.872). Therefore, first
hypothesis related to shear bond strength is confirmed. Ad-
hesive failures were observed in all samples in the SF2 and
SDR groups, while 2 specimens in each CHU and HIT groups
exhibited cohesive failures (p=0.677) (Figure-2g and 2h).

Figure 1. 2D micro-CT images and 3D volumetric display for all
the groups showing maximum voids within the material and
gap formations are as follows: (a,e,i) SDR, (b,fj), SonicFill2.

Figure 2. Cross-sectional radiographs and mCT images prior
to the bond strength test. (Arrows represent voids within the
material).
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Total restoration volume for each group were similar (~35.75
mm?3), void and gap percentages (%010’) were be calculated
for each group separately according to the bulk volume of
the composites. Occlusal, cervical, pulpal and overall mean
values (SD) of the maximum void dimensions (mm?3x10%) and
overall gap formation percentages observed under mCT for
each group are presented in Table 3 and Figure 3. mCT imag-
es showed that voids within the bulk of the material were ob-
served commonly close to the pulpal walls in all groups (Fig:
1), but the distribution of the voids in the bulk of the material
between SDR, SF2, CHU groups was statistically insignificant
(p=0.632). Additionally, most of the voids occurred close to the
pulpal walls (p=0.044), and gap formation occurred at pulpal re-
gions (p=0.039), with the exception of the SF2 group (p=0.231).

s 10 15 20 25 35 40 45 50

GAP FORMATION PERCENTAGE (%0) The largest void dimensions were observed in “the bulk” of
Figure 3. Gap formation percentage (%o) observed in occlusal, the material for all of the groups, followed by the pulpal and
cervical and pulpal walls. cervical interfaces (p=0.003). The pulpal cavity walls exhibited

the largest gap formations, but the differences were statistical-

Table 1. Materials used in the study, composition and manufacturer information.

Material Category Brand Name Manufacturer Filler Concentration Composition

Nanohybrid SonicFill2 ™ Kerr Co. USA 81 wt%; 2,2'-ethylenedioxydiethyl dimethacrylate,

Composite Kavo, Germany 63 vol% silicon dioxide, titanium dioxide, zinc-oxide,
kaolin

Flowable Surefill SDR Dentsply. Konstanz. 78 wt%; Urethane di-methacrylate resin, di-

Composite Germany 45 vol%. methacrylate, di-functional diluents,
stronsium & barium alumino-fluoro-silicate

Microhybrid Herculite Ultra ~ Kerr Co. USA 79 wt%; Hexamethylene diacrylate, hexane-1,6-diol

Composite XRV 59 vol%. diacrylate, titanium dioxide, methacrylate
ester monomer, zinc oxide,

Self-Etch Adhesive  Optibond XTR Kerr Co. USA None Ethanol, esters with acrylic acid,

propylidynetrimethanol, 2-hydroxyethyl
methacrylate ethoxylated, trimethylsilyl,
propanediylbismethacrylate
silanamine, alkalifluorosilicate

Table 2. Mean microshear bond strength values (MPa) (with SD*) of each group. Standard deviation values presented in parenthesis. Significant

differences between group were given on table using different superscript letters.

Groups Minimum Maximum pmSBS Occlusal Dentin Axio-Pulpal Dentin Mean
pmSBS Value Values umSBS Values umSBS Values umSBS Values
Gr-1: SDR 11.902° 23.351° 19.785 (2.42) 13.150 (4.51)* 16.468 (3.41)°
Gr-2: SF2 9.556° 245752 19.982 (3.15) 15.247 (3.99) 17.615 (3.83)°
Gr-3: CHU 8.326° 22.821* 17.878 (2.78) 13.084 (4.05)° 15.481 (4.50)°
Gr-4: HIT 4.855¢ 16.426° 15.142 (3.02) 6.376 (4.21)° 10.759 (3.42)°

Table 3. Total restoration volume (mean - mm?), mean void dimensions (mm?) observed in occlusal, cervical, pulpal, in the bulk of the material

and the percentage of voids (% 10%) acquired from mCT data. Significant differences between group were given on table using different
superscript letters.

Groups TOTAL (Mean) Occl. Cerv. Pulp. Bulk Overall

Gr-1: SDR 35.62 mm? 2.06° 2.21° 2.28° 2.85° 7.41 pm? [2.08%)]°
Gr-2: SF2 35.87 mm? 1.17° 1.32° 1.34° 2.08* 4.92 um3[1.37%]°
Gr-3: CHU 3539 mm? 1.45° 1.44° 1.76° 2432 5.76 ym? [1.62%]°

Gr-4: HIT 36.21 mm? 4.39¢ 4.47° 4.90¢ 6.48° 14.85 um?* [4.11%]°
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ly insignificant compared with the other interfaces (p=0.462).
The mCT images showed that SF2 has the best adaptability,
smallest void dimensions (1.17 um?) and least gap formation
(% 1,37 x107%) (Figure 3). Although CHU showed similar void di-
mensions in the bulk of material (2,43 mm?3) as SF2 (2,08 mm?3),
the differences in the overall void dimensions between CHU
vs. SF2 (p=0.125) and CHU vs. HIT (p=0.348) were statistically
insignificant (p>0.05). Therefore, second hypothesis related to
gap formation is partially accepted.

The correlation significance scores between mSBS and gap
formation obtained from Spearman’s rho test showed that
sonically placed composites SF2 (r=0.020), CHU (r=0.045)
and microhybrid RBC (HIT) (r=0.010) presented a negative
correlation between gap formation and the mSBS scores
(p=0.001). On the other hand, no correlation was found be-
tween mSBS and gap formation for the SDR group (r=0.127).

Discussion

Although many RBC placement techniques are de-
scribed, success was not achieved in certain cases, espe-
cially in class V cavities, which are susceptible to abfraction
forces and leakage of gingival sulcus fluid (4,26). Bulk-fill
materials, which have self-levelling features, decreased vis-
cosity and polymerization stress, have been developed to
enhance the quality of adaptability to the cavity walls (27).
However, the filler content and concentration of the bulk-
fill materials are associated with some limitations such as
microgaps and internal stresses within the material. There-
fore, sonic vibrational placement techniques have been
developed as an alternative to overcome these challeng-
es (28). In this study, both the microtomographic images
and bond strength test results of four materials from each
category were investigated to explain the challenges and
outcomes of these methods.

Restoration with an RBC involves a rigorous and time-con-
suming technique that is susceptible to the mechanical
properties and chemical composition of the material, as well
as the experience of the operator. Both the Bulk-fill SDR and
Sonicfill techniques allow condensation of resin composites
that can be cured up to a depth of 4-5 mm and at least 20%
reduction of the working time compared with the traditional
techniques (29,30). Sampaio et al., (31) suggested that SDR is
a type of flowable composite, which can be used as a bulk-
fill base material and provide better shrinkage and microle-
akage scores than other flowable RBCs. According to Kapoor
etal., (19) SDRis a specially designed RBC and can be used as
dentine replacement. Moreover, it showed comparable re-
sults to SonicFill when packed in shallow Class | cavities. Con-
trary to these results, Benetti et al., (8) showed that in “deep”
Class Il cavities with a gingival cavosurface margin below the
cement-enamel junction, high microleakage values were re-
corded for SDR when compared with SF2. In our case, SDR
showed significantly comparable mSBS results (16.47 Mpa)
to SF2, but lesser adaptability and increased gap formation
(13.31%) compared with Sonicfill2. Decreased filler concen-
tration (both weight and volume) and faster application
time of the bulk-fill material SDR could be the main reasons
for these differences. Even if all precautions have been taken
in the placement stage of this study, increased flowability of
the SDR may have caused the application to be performed

rapidly, resulting in residual air bubbles in the material and
close to the internal surfaces.

The restoration technique and precision in application are
the most critical factors in determining the mechanical and
physical properties of in vitro conditions because all restor-
ative materials contain defects. Voids in RBCs are unavoid-
able flaws that contribute to make them prone to wear and
fracture (32). To minimize the voids within the restorations,
every effort was made to place the RBCs as close as possible
to the cavity walls by one operator.

In this study, SF2 presented the least gap formation
(8.23%) and mean void dimension of 4.92 mm?, which cor-
roborate with the study of Furness (33) et al., in which the
SF2 system achieved a mean value of 10% in gap formation
and SDR and conventional RBC presented similar results. Ad-
ditionally, the results of a study conducted by Swapna et al.,
(34) demonstrated that most of the gap formation occurred
at the cervical and pulpal cavity walls, followed by the oc-
clusal walls, a finding that was consistent with our findings.
This study also proved that the voids within the bulk of
RBCs comprised most of the defects. These results can be
explained by the working principle of the SF2 system. The
composite resin used in this system is a combination of both
flowable and universal composite resin that incorporates a
highly filled proprietary resin with special modifiers that re-
act to sonic energy. Because sonic energy is applied through
the hand piece, the modifier causes the viscosity to drop (up
to 87%), increasing the flowability of the composite resin un-
til the sonic energy is stopped and then the viscosity turns
into a solid and nonslumping phase (35).In accordance with
these results, a study conducted by Rengo et al., (26) showed
that low-viscosity restorative materials provide satisfactory
bond strengths and reasonable microleakage scores com-
pared with conventional RBCs when “deep” Class V cavities
were restored.

Another sonically placed composite resin technique evalu-
ated in this study was Compothixo, which is a vibration con-
densation instrument. The main difference between the two
sonically activated placement techniques (SF2 vs. CHU) lies in
the incrementation and bulk-filling of the RBCs that change
the polymerization stress by slowing the radical polymeriza-
tion rate (36).In this study, CHU showed comparable mSBS re-
sults (15.481 Mpa) with SDR and SF2, while gap formation and
void dimensions were relatively better than SDR (11.6%). Ac-
cording to Tolidis et al., (37) conventional RBC packed with the
Compothixo System presented better microleakage scores
than Sonicfill2 and bulk-fill composites. By contrast, Ortiz et
al., (28) compared the adaptation of a fluidized composite
resin with a system that modifies its viscosity (Compothixo
and SonicFill2) and found a statistically significant difference,
showing susceptibility to the formation of the voids at the
margins. However, they only measured the cavo-superficial
margin using adhesion capability of the selected materials
that did not allow evaluation of the degree of total adaptation
of a composite resin. Therefore, it is not feasible to evaluate
the possible faults that can occur both in the internal margins
and within the bulk of the material.

According to our observations, voids commonly occur at
internal angles and within material close to the external sur-
faces of the cavity. In both sonically placed RBCs, an average
of 8% (SF2) to 11% (CHU) gap formation was observed; in the
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bulk-fill placement technique, 13.31% (SDR) gap formation
was found. In all groups, the least gap formation was found
in the occlusal margins and most of the occlusal gaps were
observed at the internal angles. The formation of gaps in the
pulpal walls was found to be highest among all groups except
for SF2 with a high probability that the unpolymerized RBCs
remained in these deeper areas, lost its flowability fast and
caused dimensional changes and debonding of the material.

In our study, we evaluated the adaptability of the internal
walls as 91% in both sonic-activated placement techniques,
a value that is considered satisfactory according to Orlowski
etal. (27). Regarding the localization of the gaps, it is import-
ant to elucidate whether these are the consequences of the
placement technique’s shortage or polymerization shrink-
age generated by viscosity changes or poor adaptation of
the RBC. mCT analysis of our results demonstrated that the
sonic-activated-placed high-viscosity bulk-fill resin compos-
ite with reduced polymerization contraction (SF2) and son-
ic-vibrated high-viscosity microhybrid RBC (CHU) resulted in
similar void formation and mSBS to the conventional RBC.
In Group CHU and HIT, voids in the transversal mCT images
were consistent with lower mSBS values.

We acknowledge that polymerization shrinkage is the ma-
jor factor involved in the development of contraction stress-
es and gap formation around cavity margins. In this study,
a positive correlation was observed between voids and gap
formation for all tested materials consonant to the literature
(17,38). The most likely causes are polymerization shrinkage
and less likely air bubbles trapped in the material would be
the relevant factors affecting the debonding of the mate-
rial from the cavity walls and decreases the bond strength
(33,39). This fact was also confirmed when a negative cor-
relation was observed between gap formation and mSBS
values. Bonding to different dentin regions proved to be an
important effect factor on mSBS values on bond strength
and gap formation values indicating that the internal ad-
aptation performance may not be similar inside the cavity
walls (40). The negative correlation between bond strength
and gap formation may be explained by the influence of
tubule orientation and depth of dentin, positively affecting
monomeric infiltration when the tubules are wider, as on the
depth dentin and perpendicularly configured, as on the pul-
pal wall (41). In this study, the occlusal surface showed high-
er bond strength and lower gap formation than the proximal
surface in consisted with the literature (39-41).

Conclusion

Sonic-activated insertion technique of bulk-fill compos-
ites can serve as an alternative choice in restoration of deep
cavities to minimize voids because they have enhanced
flowability, leading to good adaptation and increased bond
strength.

Tiirkce Ozet: Kompozit yerlestirme tekniginin adaptasyon,
bosluk olusumu ve mikro makaslama bag dayanimi (izerindeki
etkisi. Amag: Bu ¢calismanin amaci; bulk-fill rezin kompozitler-
in farkl uygulama tekniklerinin, bu materyallerin kavite icine
adaptasyon, bosluk olusumu ve mikro-makaslama bag
dayanimi (mSBS) lizerindeki etkinliklerini karsilastirmaktir. Yon-
tem ve Materyaller: Bilgisayarli mikro tomografi (mCT) kontrol-

leri icin standardize edilmis 48 adet Sinif V kavite hazirlanmis
ve dort gruba su sekilde ayrilmiglardir (n=12): Grup SDR: Smart
Dentin Replacement sistemi (bulk fill); Grup SF2: Sonic-Fill
sistemi (bulk-fill: sonik enerji ile aktive edilmis kompozit yer-
lestirme teknigi); Grup CHU: Herculite-XRV-Ultra rezin kompozi-
tin Compothixo (sonik titresime sahip el aleti) ile uygulandigi
sistem; Grup HIT: Herculite-XRV-Ultra rezin kompozitin gelenek-
sel inkremental teknikle uygulanmasidir. Kendinden asitli bir
adeziv sistem (Optibond-XTR) tlim gruplarda kompozit restora-
syonlar éncesi uygulanmigtir. 10000 seferlik termo-siklus islemi
sonrasinda tiim drneklerden mCT taramalari alinmis, dis ve
dolgu ara yiiziinde olusan bosluklar incelenmis ve (iniversal bir
test cihazi ile yapilan mikro makaslama testi ile bag dayanim-
lar (=SBS) élciilmistiir (n=10). Istatistiksel degerlendirmede;
bosluk olusumlarinin ve mSBS degerlerinin analizi ve gruplar
arasi kiyaslanmasi icin tek yonlii varyans ANOVA ve sonrasinda
post-hoc Bonferroni ve Tukey HSD testleri yapilmistir (p=0.05).
Bulgular: SF2 ve CHU gruplari, tiim gruplar ile kiyaslandigin-
da en iyi kavite icerisine adaptasyon degerlerini vermistir. SDR
ve HIT gruplari arasindaki fark ise istatistiksel olarak anlaml
degildir (p<0.05). SF2 grubunda en yiiksek xSBS degerlerine
ulasilirken, en diistik degerler ise HIT grubunda gézlenmistir
(p>0.05). Sonuglar: Bulk-fill kompozitler geleneksel inkremen-
tal teknikle yerlestirilen rezin kompozitler ile kiyaslandiklarinda,
hem sonik enerjiile aktive edilen sistemler hem de sonik titresim
yapan el aletleri ile kaviteye yerlestirildiginde, kavite duvarlari-
na daha iyi adaptasyon, daha az bosluk olusumu ve daha ylik-
sek baglanma dayanimi sergilemektedirler. Anahtar Kelimeler:
Bulk-fill kompozit; Bilgisayarli mikro-tomografi; Bosluk olusu-
mu; Bag dayanimi; Sonik enstriimantasyon.
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Expression of BMP-4 in dentigerous cyst and ameloblastoma:

Is it a differentiation measure?

Purpose
This study aimed to determine the expression of Bone Morphogenic Protein-4
(BMP-4) in dentigerous cyst (DC), unicystic-ameloblastoma (UA), and Multicystic-
ameloblastoma (MA), and assess whether this marker can be a differentiation
measure.

Materials and Methods

This study included 30 DC, 30 UA, and 30 MA blocks if the histopathologic diagnosis
of the lesion was definitive, the clinical information and medical records were
complete, and the microscopic slides and the paraffin block were available. Age,
gender, and location of the lesion were recorded. The samples were analyzed
after the immunohistochemical staining (Envision technique). BMP-4 marker was
evaluated and reported using Intensity Score (IS), Proportional Score (PS), and
Total score (TS). The data were analyzed using SPSS version 21.0. Kruskal-Wallis and
Mann-Whitney U tests were applied at the significance level of 0.05.

Results

In this study, DCs, UA, and MA had a significant tendency to occur in males compared
to females (p<0.001, p<0.001, and p<0.001 respectively), and in the mandible
compared to the maxilla (p=0.02, p=0.024, and p=0.02 respectively). The epithelial
IS was significantly different among three lesions (p<0.001). IS was higher in MA
than UA and DC (p<0.001 and p=0.006, respectively). The IS was not significantly
different among the three lesions in connective tissue and around micro-vessels
(p=0.3 and p=0.26 respectively). The PS in the epithelium and connective tissue of
DC, UA, and MA had no statistical difference (p=0.549 and p=0.540 respectively).
The epithelial TS was statistically different among DC, UA, and MA (p<0.001). The TS
was higher in UA than MA and DC (p=0.004 and p<0.001 respectively).

Conclusion

The expression of BMP-4in the epithelium was higherinameloblastoma compared to
DCs. BMP-4 is a potential measure to differentiate different types of ameloblastoma
and dentigerous cyst. The differentiation of these lesions is important as the right
treatment plan changes according to the diagnosis.

Keywords: Ameloblastoma, dentigerous cyst, BMP4, Histopathological assessment,
staining

Introduction

With a prevalence of 14 to 24%, DC is the second most common odon-
togenic cyst, assumed to originate from the dental follicle, however, its
pathogenesis is still unclear (1-3). This cyst is frequently associated with the
crown of an impacted, embedded, or an unerupted permanent tooth and
is rarely associated with an odontoma, a developing tooth, or a deciduous
tooth (2,3). DC mostly involve third molars followed by maxillary canines,
mandibular premolars, and mandibular canines (3). DCs may lead to dis-
placement and root resorption of associated or adjacent teeth if larger than
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2 cm or getting infectious (1). Generally, DCs are asymptomat-
ic and are detected during routine radiographic examination
with the appearance of a well-defined unilocular lesion (2, 3).

Ameloblastoma represents 19% of all odontogenic tumors
(4). Ameloblastoma is a locally invasive benign odontogenic
tumor derived from remaining tooth-forming components
and the epithelial lining of dentigerous cysts (3, 4). The
tumor presents as desmoplastic, peripheral, uni-cystic, or
multi-cystic forms (4). UA with a prevalence of 5 - 15% of all
reported cases, occurs in the young population in their 2nd
or 3rd decade and may appear as a unilocular radiolucency
with scalloped or lobulated border in radiographic images
(4, 5). MA is more common in a wider age range compared
to UA and is more aggressive (4).

The histopathological confusion between DC and UA is
possible and has long been known. However, the diagnosis
is important because of different treatment plans. DCs and
UAs can be treated with enucleation or curettage, while oth-
er types of ameloblastoma require resection with an ade-
quate margin of normal tissue (6, 7).

Bone Morphogenic Protein (BMP) is a growth factor and
participates in cellular proliferation, extracellular matrix pro-
duction, and differentiation of neoplastic tissues (8, 9). This
study aimed to determine if BMP-4 can be used as a factor to
differentiate odontogenic cysts such as DC from odontogenic
tumors like UA and MA. The null hypothesis was that there are
no differences in the BMP-4 expressions of DC, UA and MA.

Materials and Methods

This was a retrospective cross-sectional descriptive-ana-
lytic study.

Ethical statement

This project has been reviewed and approved by the Ethi-
cal Committee of Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran. (IR.SBMU.REC.1395.330)

Specimen selection

The microscopic slides were included in the study if the his-
topathologic diagnosis of the lesion was definitive, the clini-
cal information and medical records were complete, and the
microscopic slides and the paraffin block were available. The
samples were excluded if the diagnosis after re-examination
did not confirm the previous diagnosis and if the tissue sam-
ple was not sufficient forimmunohistochemical (IHC) analysis.

The biopsies of DC and ameloblastoma from 2010 to 2020
were obtained from the archive of the oral pathology de-
partment of the dentistry faculty of Shahid Beheshti Uni-
versity of Medical Sciences. 30 DC, 30 UA, and 30 MA blocks
were selected. The samples were re-evaluated by an expert
pathologist and the diagnoses were confirmed. Information
such as age, gender, and location of the lesion were extract-
ed from the medical records.

Sample size estimation

To calculate the sample size, information about MP4 mark-
er expression by immunohistochemistry was used in the

two groups of dentigerous cyst and odontogenic keratocyst
related to the article by Kim et al. To do this, a formula suit-
able for comparing ratios in two independent societies and
generalizing it to three groups has been used. Considering
the statistical power of 0.975%, the error level of 0.05 and
the expression ratio of 30.3 in the Dentigerous group and
97.1 in the Odontogenic keratocyst group, the minimum
sample size of 23 was obtained. Which was considered for
each group of 30 to achieve higher power (20) Formula is
presented in Figure 1.
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Figure 1. Formula used for sample size calculation.

Specimen preparation and IHC staining

Following these steps, the samples were prepared for the
IHC analysis of the BMP-4 marker. 5-micrometer-thick sec-
tions were cut from paraffin-embedded tissue blocks and
IHC staining of BMP-4 was performed using the Envision
technique. To deparaffinize the samples, the tissues were
respectively placed in 100% Xylen, 99% alcohol, 96% al-
cohol, and 25% alcohol for 2-3 minutes. The samples were
rinsed with distilled water for 2-3 minutes to remove the
alcohol. To deactivate endogen peroxidase, the tissue was
covered with a drop of Peroxidase Blocking Reagent (USA
thermo TA-262-H222Q) for 10 minutes at room tempera-
ture. Then the tissue was immersed in a solution with a PH
of 7.6 for 5 minutes. The remaining peroxidase blocking
reagent was rinsed twice with distilled water for 2-3 min-
utes each time. Antigen retrieval was carried out by placing
the tissue sample in a plastic Coplin jar containing retriev-
al solution at PH 6. The jars were then macro-waved for
7 minutes (power of 450 W), and cooled down for 5 min-
utes, and macro-waved for 15 minutes again (Power of 800
W). The samples were kept at room temperature and were
rinsed with Tris Buffered Saline (TBS) solution with a PH of
7.6. Later, the samples were incubated by the primary an-
ti-bodies for 1-hour and were then rinsed with TBS solu-
tion with a PH of 7.6 for 5 minutes. Afterward, the samples
were incubated by Primary Antibody Amplifier Quanto
(USA Thermo TL-060-QPB) for 10 minutes and rinsed again
for 5 minutes with the same solution as the previous step.
The samples were incubated with HRP Polymer Quanto
(USA Thermo TL-060-QPH) for 10 minutes and rinsed with
TBS solution (PH=7.6) for 5 minutes. The samples were im-
mersed in diaminobenzidine (DAB USA Termo TA-222-QH-
CX) for 5 minutes until a brownish reaction was observed.
The samples were washed with tap water for 5 minutes and
placed in distilled water for 5 minutes. Finally, the sections
were counterstained with hematoxylin for 30 seconds, and
with lithium carbonate for 5 minutes, then rinsed with tap
water. The samples were mounted afterward.



BMP-4 in dentigerous cyst and ameloblastoma

Specimens assessment

Squamous Cell Carcinoma (SCC) sections were used as a
positive control and tumoral sections which were incubated
with Tris-buffered saline (TBS) instead of primary antibodies
were used as a negative control.

The immune-expression of BMP-4 in microscopic slides
were evaluated under a light microscope at x100 magnifica-
tion. The staining was considered positive if the cytoplasm
of tumoral cells were brown stained (Figure 1-3).

Intensity score (IS) was recorded as score 0 (No staining or
<10% staining), score 1 (incomplete membranous staining
of weak to moderate intensity in 10%< of the cells), score 2
(complete membranous staining of moderate intensity in
10%< of the cells), and score 3 (complete membranous stain-
ing of strong intensity in 10%< of the cells) for the assessment
of BMP-4 marker in the epithelium, connective tissue, and
around micro-vessels. Proportional Score (PS) of BMP-4 mark-
er was measured as score 0 (no stained cell), score 1 (<20%
stained cells), score 2 (20-80% stained cells), and score 3
(80%< stained cells) in the epithelium and connective tissue.
Total score (TS) was reported for epithelium and connective
tissue by summing the IS and PS of the BMP-4 marker.

Figure 1. The microscopic view of dentigerous cyst after
immunohistochemical staining indicate BMP-4 marker. (x400).
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Figure 2. The microscopic view of Unicystic-ameloblastoma after
immunohistochemical staining indicate BMP-4 marker. (x400).

after immunohistochemical staining to indicate BMP-4 marker.
(x200).

Statistical analysis

The data were imported to Statistical Package for Social Sci-
ences (SPSS) for Windows software, version 21.0 (IBM Corp,
Armonk, NY, USA). Frequency was applied to determine the
characteristics of the sample. The chi-square test was used to
compare the demographic distribution among DC, UA, and
MA. Since the data distribution was not normal, the nonpara-
metric Kruskal-Wallis one-way analysis of variance by ranks
and Mann-Whitney U tests were used for the multiple and
pairwise comparisons, respectively. The confidence interval
was set to 95% and the significance level was set at 0.05.

Results

In this study, the expression of BMP-4 was assessed in 30
DC, 30 UA, and 30 MA microscopic slides using IHC analysis.
The data distribution is presented in table1. According to
intra-group comparison, no statistical difference was found
among the three study groups in terms of age, gender, and
the location of the lesions (P=0.1, P=0.1 and P=0.1 respec-
tively). The mean age of patients was 31.9 £17.8, 30.7 +17.9,
and 39.6 £16.9 in DC, UA, and MA groups, respectively.

The prevalance of the pathology was higher in males than
females in DC, UA, and MA study groups (P<0.001, P<0.001,
and P<0.001 respectively), and higher in the mandible than
themaxilla (P=0.02, P=0.024, and P=0.02 respectively). The
IHC analysis of BMP-4 markers in the epithelium, connective
tissue, and micro-vessels of 3 lesions is reported in Table2-4.

The IS of BMP-4 marker in the epithelium was signifi-
cantly different among the three lesions (P<0.001, df=2,
x2=40.947). The Mean of IS was 26.72 in DC, 42.18 in UA,
and 67.6 in MA. MA had a significantly higher IS compared
to UA and DC (P<0.001 and P=0.006, respectively). Also, the
IS in UA lesions was significantly higher than in DC lesions
(P<0.001). The differences of IS in the connective tissue and
the micro-vessels of DC, UA, and MA lesions were not statis-
tically significant (P=0.389 and P=0.26, respectively).

The PS of the BMP-4 marker in the epithelium and con-
nective tissue was not statistically different among the three
lesions (P=0.549 and P=0.540, respectively).
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The TS of BMP-4 marker in the epithelium was statisti-
cally different in DC, UA, and MA lesions (P<0.001, df=2,
x2=23.857). The results showed that UA had a significantly
higher TS compared to MA and DC (P=0.004 and P<0.001
respectively), and MA had a significant higher TS compared
to DC (P<0.001). The difference of TS was not significant be-
tween DC, UA, and MA lesions in connective tissue (P=0.424).

ber of odontogenic and non-odontogenic cysts in a 9year
study. In their study, out of 122 patients with DCs, 56 were
women (45.6%) and 66 (54.1%) were men. Similarly, Ram-
achandra et al. (11) studied the prevalence of odontogenic
cysts over 5 years in India. In their study, 24 of the 45 DCs
samples were male (53.33%) and 21 were female (46.67%).
In agreement, Meningaud et al. (12) reported that among

Table 1. The data distribution of patients with Dentigerous Cyst, Unicystic Ameloblastoma and Multicystic Ameloblastoma according to gender

and the location of the lesion in percent (number).

Gender The location of the lesions
The type of the lesions
Female Male Maxilla Mandible
Dentigerous cyst 36.7% (11) 63.3% (19) 30% (9) 70% (21)
Unicystic Ameloblastoma 23.3% (7) 76.7% (23) 16.7% (5) 83.3% (25)
Multicystic Ameloblastoma 13.3% (4) 87.6% (26) 3.3% (1) 96.7% (29)
Total 24.4% (22) 75.6% (68) 16.7% (15) 83.3% (75)

Table 2. The IS, PS and TS of BMIP-4 marker in the epithelium of Dentigerous Cyst, Unicystic Ameloblastoma and Multicystic Ameloblastoma.

Intensity Score

Proportional Score

The type of the lesions Total
Score 0 Score 1 Score 2 Score 3 Score 1 Score 2 Score 3 Score
Dentigerous cyst 63.3% (19) 33.3% (10) 0 (0) 3.3% (1) 33.3% (10) 20% (6) 46.7% (14) 30.6
Unicystic Ameloblastoma 0(0) 20% (6) 60% (18) 20% (6) 16.7% (5) 46.7% (14)  36.7%(11) 62.45
Multicystic 233% (10)  367%(11)  267%(8)  33%(1)  433%(13) 133%(4) 433%(13) 435

Ameloblastoma

Table 3. The IS, PS and TS of BMP-4 marker in the connective tissue of Dentigerous Cyst, Unicystic Ameloblastoma and Multicystic

Ameloblastoma.
Intensity Score Proportional Score Total
The type of the lesions
Score 0 Score 1 Score 2 Score 3 Score 1 Score 2 Score 3 Score
Dentigerous cyst 66.7% (20) 23% (7) 10% (3) 0(0) 80% (24) 20% (6) 0(0) 43.06
Unicystic Ameloblastoma 53.6% (16) 23% (7) 20% (6) 3.3% (1) 70% (21) 30% (9) 0(0) 49.92
T
ulticystic 66.7% (20)  20% (6) 10% (3) 33%(1)  767%(23)  23.3%(7) 0(0) 4352

Ameloblastoma

Table 4. The IS of BMP-4 marker around the micro-vessels of Dentigerous Cyst, Unicystic Ameloblastoma and Multicystic Ameloblastoma.

Intensity Score

The type of the lesions

Score 0 Score 1 Score 2 Score 3
Dentigerous cyst 70% (21) 16.7% (5) 13.3% (4) 3.3%(1)
Unicystic Ameloblastoma 56.7% (17) 23% (7) 13.3% (4) 6.7% (2)
Multicystic Ameloblastoma 73.3% (22) 20% (6) 6.7% (10) 0(0)

Discussion

This study assessed the expression of BMP-4 in DC, UA,
and MA microscopic slides. In this study, the occurrence of
DC, UA, and MA was significantly higher in males and was
more common in the mandible. In terms of gender, Acikgdz
et al. (10) found the same results in the Turkish population.
Acikgoz et al. (10) investigated the distribution and num-

154 samples of DCs 108 were male and 46 were female. Also,
Alvelar et al. (13) assessed the prevalence of odontogenic
tumors in the Brazilian population and reported that 30 of
57 patients were male and 27 were female. Sah et al. (14) re-
ported that 5 and 13 of 18 subjects diagnosed with UA were
respectively female and male. In contrary to the results of
the above-mentioned studies, Olgac et al. (15) carried out a
study to examine odontogenic tumors over 32 years in Tur-
key in 2006 and their results showed that out of 133 sam-
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ples of ameloblastoma tumors, 58 samples were men and
75 were women. This difference may be associated with the
different study populations.

The results of the current study showed that the prevalence
of DC, UA, and MA was higher in the mandible compared to
the maxilla. Acikgoz et al. (10) also found that 34 samples of
DCs were in the maxilla while 88 samples were observed in
the mandible. Ramachandra et al. (11) reported that 20 of the
45 DCs were located in the maxilla and 25 of them were found
in the mandible. Nunez-Urrutia et al. (16) evaluated the prev-
alence of odontogenic cysts in Spain over 10 years and found
thatamong 91 subjects, 63 cysts were located in the mandible
and 28 cysts were in the maxilla. Alvelar et al. (13) showed that
48 lesions were located in the mandible and 9 lesions were
found in the maxilla. Sah et al. (14) claimed that 17 samples
of 18 UA were located in the mandible and one sample was
found in the maxilla. Olgac et al. (15) reported that 15 samples
of odontogenic tumors were seen in the upper jaw and 118
samples in the lower jaw. Considering the above-mentioned
studies, DC and Ameloblastoma are located preferably in
the mandible which is confirmed in this study.

BMP-4 is a bone morphogenetic protein belonging to the
TGF-B family (17). The absence of BMP-4 leads to severe de-
fects in osteogenesis (17). BMP-4 affects normal epithelial
cell differentiation and odontogenic epithelium malignan-
cies through epithelial-mesenchymal reaction, also, results
in cytodifferentiation of ameloblastoma histologic subtypes
(18). Some studies have evaluated the expression of BMP-4
markers in odontogenic cysts and tumors but no study, up
to the authors’ knowledge, has compared the expression of
BMP-4 marker in DCs and ameloblastoma as a possible mea-
sure to differentiate these lesions (19-22).

The study of Kumamoto et al. (19) was performed to as-
sess the role of BMPs in the differentiation of odontogenic
tumors. 37 samples of ameloblastoma, 6 samples of Adeno-
matoid odontogenic tumor (AOT), and 5 samples of malig-
nant ameloblastoma were compared to 10 third mandibular
molar follicles using RT-PCR, IHC to determine BMP-2, BMP-
4, BMP-7 markers, and Osterix, CBFAI, BMPRII, and BMPRI
receptors. The results showed that mRNA expression result-
ing from BMPs and other related molecules are found in all
odontogenic tumors.

Kim et al. (20) conducted a study to compare the expres-
sion of BMP-4 in Odontogenic kerato-cyst (OKC) and DC us-
ing IHC and in situ hybridization. The results indicated that
BMP-4 had higher expression in OKC compared to DC espe-
cially in the recurrent form of OKC. In the current study, also,
BMP-4 had higher expression in UA and MA compared to DC.

Ruhin-Poncet et al. (21) evaluated the expression of BMPs,
DIx, and Msx in odontogenic epithelial tumors (recurrent am-
eloblastoma and central calcifying odontogenic cyst (CCOQ))
They stated that DIx, and Msx were found in ameloblasto-
ma unlike CCOC. In contrast, BMP-2 was only found in CCOC
while BMP-4 was expressed in both tumors. The findings of
Ruhin-Poncet study were in agreement with the current study
reporting the expression of BMP-4 in ameloblastoma.

Also, Nascimento et al. (9) studied the expression of BMP-2,
BMP-4, and their receptors in AOT and ameloblastoma us-
ing IHC. In MA, positive correlations were observed between
the stromal and parenchymal expression of BMP-2 and be-
tween the stromal expression of BMP-2 and BMP-4, as well

as between the stromal expression of BMPR-Il and BMP-4
and the stromal and parenchymal expression of BMPR-II. In
UAs, a correlation was detected between the stromal and
parenchymal expression of BMP-4 and between the stromal
expression of BMP-4 and BMPR-IA. In AOTs, analysis of im-
mune-expression in the parenchyma revealed positive cor-
relations between all proteins. BMPs and their receptors play
an important role in the differentiation and development of
ameloblastoma and AQTs, but may not explain the different
biological behaviors of these lesions. The positive correla-
tion observed in AOTs might be related to the formation of
mineralized material in this tumor.

Not assessing the relation of clinical behaviors of the le-
sions and the expressions of BMP-4 is one of the limitations
of this study. Also, the expression of BMP-4 was not com-
pared among different types of ameloblastoma.

Conclusion

Considering the limitation of this study, it was found that
the expression of BMP-4 in the epithelium was significantly
higher in ameloblastoma compared to DCs. However, the
difference was not significant in the connective tissue and
around the micro-vessels. The IS of the BMP-4 marker was
higher in MA compared to UA, while the TS of the BMP-4
marker was higher in the UA compared to MA. According to
the findings of this study, it can be concluded that BMP-4 is a
potential measure to differentiate different types of amelo-
blastoma and dentigerous cyst. The differentiation of these
lesions is of importance as the right treatment plan changes
according to the diagnosis.

Tiirk¢e Ozet: Dentigeréz kist ve ameloblastomada bmp-4 ekspresyonu
ayirici bir yéntem midir?. Giris: Bu ¢alismanin amaci dentigeréz kist
(DK), unikistik ameloblastoma (UA) ve Multi-kistik ameloblastoma (MA)
olgularinda kemik morfogenik protein 4 ekpresyonunu belirlemek ve bu
degerlerin lezyonlarin ayrilmasinda yardimci olup olmayacaginin ince-
lenmesidir. Gereg ve yéntem: Bu ¢alisma, lezyonun histopatolojik tanisi
kesinlesmis, klinik bilgileri ve tibbi kayitlari tam olan ve mikroskobik
slaytlari ve parafin bloklari bulunan 30 DK, 30 UA ve 30 MK bloklarini
iceriyordu. Lezyonun yasi, cinsiyeti ve yeri kaydedildi. Ornekler immiino-
histokimyasal boyamadan (Envision teknigi) sonra analiz edildi. BMP-4
belirteci Yogunluk Skoru (1S), Orantili Skor (PS) ve Toplam Skor (TS) kul-
lanilarak degerlendirildi ve rapor edildi. Veriler SPSS 21.0 versiyonu kul-
lanilarak analiz edildi. Kruskal-Wallis ve Mann-Whitney U testleri 0.05
anlamlilik diizeyinde uygulandi. Bulgular: Bu ¢calismada DK'ler, UA ve
MA, erkeklerde kadinlara gére (sirasiyla P<0,001, P<0,001 ve P<0,001)
ve maksillaya kiyasla mandibulada (P= 0.02, P=0.024 ve P=0.02 sirasiy-
la) daha fazlayd. Epitelyal IS, li¢ lezyon arasinda 6nemli 6l¢tide farklydi
(P<0.001). IS, MA'da UA ve DK'den daha yiiksekti (sirasiyla P<0,001 ve
P=0,006). Bag dokusunda ve mikrodamarlarin ¢evresindeki li¢ lezyon
arasinda IS anlamli sekilde farkli degildi (sirastyla P=0.3 ve P=0.26). DC,
UA ve MA'nin epitelindeki ve bag dokusundaki PS'de istatistiksel bir fark
yoktu (sirasiyla P=0.549 ve P=0.540). Epitelyal TS, DK, UA ve MA arasin-
da istatistiksel olarak farkliydi (P<0.001). TS, UA'da MA ve DKden daha
yliksekti (sirasiyla P=0,004 ve P<0,001). Sonug: Epitelde BMP-4 ekspre-
syonu DK'lere kiyasla ameloblastomda daha yiiksekti. BMP-4, farkli
ameloblastom ve dentigerdz kist tiirlerini ayirt etmek icin potansiyel
bir él¢tittiir. Taniya gdre dogru tedavi plani degistidi icin bu lezyonlarin
ayrnimi 6nemlidir. Anahtar Kelimeler: Ameloblastoma, dentigeroz kist,
BMP4, Histopatolojik Degerlendirme, Boyama

Ethics Committee Approval: This project has been reviewed and
approved by the Ethical Committee of Shahid Beheshti University of
Medical Sciences, Tehran, Iran. (IR.SBMU.REC.1395.330)



22

Sargolzaei S, et al.

Informed Consent: Participants provided informed constent.
Peer-review: Externally peer-reviewed.

Author contributions: SS, MZ participated in designing the study.
SS, MZ participated in generating the data for the study. SS, MZ par-
ticipated in gathering the data for the study. DM, MZ participated in
the analysis of the data. DM wrote the majority of the original draft of
the paper. SS, DM, MZ participated in writing the paper. SS, DM, MZ
have had access to all of the raw data of the study. SS, DM, MZ have
reviewed the pertinent raw data on which the results and conclusions
of this study are based. SS, DM, MZ have approved the final version
of this paper. SS, DM, MZ guarantee that all individuals who meet the
Journal’s authorship criteria are included as authors of this paper.

Conflict of Interest: The authors declared no conflict of interest.

Financial Disclosure: The authors declared that they have received
no financial support.

References

1. Huang G, Moore L, Logan RM, Gue S. Histological analysis of 41
dentigerous cysts in a paediatric population. J Oral Pathol Med
2019;48:74-8. [CrossRef]

2. Terauchi M, Akiya S, Kumagai J, Ohyama Y, Yamaguchi S. An
analysis of dentigerous cysts developed around a mandibular
third molar by panoramic radiographs. Dent J 2019;7:1-9.
[CrossRef]

3. Tsironi K, Inglezos E, Vardas E, Mitsea A. Uprighting an impacted
permanent mandibular first molar associated with a dentigerous
cyst and a missing second mandibular molar — A case report.
Dent J 2019;7:63-73. [CrossRef]

4. Hendra FN, Van Cann EM, Helder MN, Ruslin M, de Visscher
JG, Forouzanfar T, et al. Global incidence and profile of
ameloblastoma: A systematic review and meta-analysis. Oral Dis
2020;26:12-21. [CrossRef]

5. Rad FO, Mousavi E, Musapoor N, Maleki D, Khatibi N. Prevalence
of C-Shaped Canals in Anterior and Posterior Teeth of Iranian
Population Using Cone Beam Computed Tomography. Avicenna
J Dent Res 2020;12:58-62. [CrossRef]

6. Barrett AW, Sneddon KJ, Tighe J V., Gulati A, Newman L, Collyer
J, et al. Dentigerous Cyst and Ameloblastoma of the Jaws:
Correlating the Histopathological and Clinicoradiological
Features Avoids a Diagnostic Pitfall. Int J Surg Pathol
2017;25:141-7. [CrossRef]

7. HendraFN, Natsir Kalla DS, Van Cann EM, de Vet HCW, Helder MN,
ForouzanfarT. Radical vs conservative treatment of intraosseous
ameloblastoma: Systematic review and meta-analysis. Oral Dis
2019;25:1683-96. [CrossRef]

8. Swarup N, Nayak MT, Chowdhary Z, Mehendiratta M, Khatana
S, Choi SJ, et al. Evaluation and immunolocalization of BMP4
and FGF8 in odontogenic cyst and tumors. Anal Cell Pathol
2018;2018:1-9. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

Nascimento MAB, Nonaka CFW, Barboza CAG, Freitas R de
A, Pereira Pinto L, Souza LB de. Immunoexpression of BMP-
2 and BMP-4 and their receptors, BMPR-IA and BMPR-Il, in
ameloblastomas and adenomatoid odontogenic tumors. Arch
Oral Biol 2017;73:223-9. [CrossRef]

Acikgdz A, Uzun-Bulut E, Ozden B, Giindiiz K. Prevalence and
distribution of odontogenic and nonodontogenic cysts in a
Turkish population. Med Oral Patol Oral Cir Bucal 2012;17:1-7.
[CrossRef]

Prashanth Ramachandra, Prathima Maligi and HR. A cumulative
analysis of odontogenic cysts from major dental institutions of
Bangalore city: A study of 252 cases. J Oral Maxillofac Pathol
2011;15:1-5. [CrossRef]

Meningaud JP, Oprean N, Pitak-Arnnop P, Bertrand JC.
Odontogenic cysts: a clinical study of 695 cases. J Oral Sci
2006;48:59-62. [CrossRef]

Avelar RL, Antunes AA, de Santana Santos T, de Souza Andrade
ES DE. Odontogenic tumors: clinical and pathology study of 238
cases. Brazilian J Otorhinolaryngol 2008;74:668-73. [CrossRef]
Sah P, Menon A, Kamath A, Chandrashekar C, Carnelio
S, Radhakrishnan R. Role of immunomarkers in the
clinicopathological analysis of unicystic ameloblastoma. Dis
Markers 2013;35:481-8. [CrossRef]

Olgac V, Koseoglu BG, Aksakalli N. Odontogenic tumours in
Istanbul: 527 cases. Br J Oral Maxillofac Surg 2006;44:386-8.
[CrossRef]

Nunez-Urrutia S, Figueiredo R, Gay-Escoda C. Retrospective
clinicopathological study of 418 odontogenic cysts. Med Oral
Patol Oral Cir Bucal 2010;15:767-73. [CrossRef]

An L, Shi Q, Zhu Y, Wang H, Peng Q, Wu J, Cheng Y, Zhang W,
Yi Y, Bao Z, Zhang H. Bone Morphogenetic Protein 4 (BMP4)
promotes hepatic glycogen accumulation and reduces glucose
level in hepatocytes through mTORC2 signaling pathway. Genes
& Diseases 2020;8:531-44. [CrossRef]

. Galeone A, Adams JM, Matsuda S, Presa MF, Pandey A, Han SY, et

al. Regulation of BMP4/Dpp retrotranslocation and signaling by
deglycosylation. Elife 2020;9:1-32. [CrossRef]

Kumamoto H OK. . Expression of bone morphogenetic proteins
and their associated molecules in ameloblastomas and
adenomatoid odontogenic tumors. Oral Dis 2006;12:163-70.
[CrossRef]

Kim SG, Yang BE, Oh SH, Min SK, Hong SP CJ. The differential
expression pattern of BMP-4 between the dentigerous cyst and
the odontogenic keratocyst. J Oral Pathol Med 2005;34:178-83.
[CrossRef]

Ruhin-Poncet B, Ghoul-Mazgar S, Hotton D, Capron F, Jaafoura
MH, Goubin G, et al. Msx and DIx homeogene expression
in epithelial odontogenic tumors. J Histochem Cytochem
2009;57:69-78. [CrossRef]

Nascimento MA, Nonaka CF, Barboza CA, de Almeida Freitas R,
Pinto LP de SL. Immunoexpression of BMP-2 and BMP-4 and
their receptors, BMPR-IA and BMPR-II, in ameloblastomas and
adenomatoid odontogenic tumors. Arch Oral Biol 2017;73:223-
9. [CrossRef]


https://doi.org/10.1111/jop.12776
https://doi.org/10.3390/dj7010013
https://doi.org/10.3390/dj7030063
https://doi.org/10.1111/odi.13031
https://doi.org/10.34172/ajdr.2020.12
https://doi.org/10.1177/1066896916666319
https://doi.org/10.1111/odi.13014
https://doi.org/10.1155/2018/1204549
https://doi.org/10.1016/j.archoralbio.2016.10.022
https://doi.org/10.4317/medoral.17088
https://doi.org/10.4103/0973-029X.80030
https://doi.org/10.2334/josnusd.48.59
https://doi.org/10.1016/S1808-8694(15)31375-6
https://doi.org/10.1155/2013/517834
https://doi.org/10.1016/j.bjoms.2005.07.002
https://doi.org/10.4317/medoral.15.e767
https://doi.org/10.1016/j.gendis.2020.11.004
https://doi.org/10.7554/eLife.55596
https://doi.org/10.1111/j.1601-0825.2005.01177.x
https://doi.org/10.1111/j.1600-0714.2004.00285.x
https://doi.org/10.1369/jhc.2008.951707
https://doi.org/10.1016/j.archoralbio.2016.10.022

\STAy

a%e [STANBUL
S UNIVERSITY
fEet _ pRESS

Official Publication of Istanbul University Faculty of Dentistry

Original research

Analysis of gingival display during static and dynamic
smiles in a Turkish sample: A clinical study*

eor.istanbul.edu.tr

Eur Oral Res 2022; 56(1): 23-27

Purpose Z Arif Iu’
The aim of this study is to determine the prevalence of smile types in spontaneous o ge agaogiu !
Umran Yilmaz’

smiles among a Turkish population aged 18-23 and to compare it with the

prevalence of static smiles.

Materials and Methods

This study was carried out with 150 undergraduate students at Bagkent University
Faculty of Dentistry (75 females, 75 males). For this purpose, photo recordings for
static smiles and 20-second video recordings for dynamic smiles were taken 40 cm
from the participant’s nose. Measurements were made with an electronic ruler.

Results

High smile line was found to be the highest prevalence in both static and dynamic
smiles (p<0.001). The average soft tissue display is higher in dynamic smiles
(p<0.05). In both static and dynamic smiles, the average amount of gingival display
was higher in females than in males (p<0.05).

Conclusion

When the smile line was evaluated on the photograph recordings while the
patient was posing, it was found to be lower than the natural spontaneous smile
line obtained from the video recordings. Since the gingival display increases when
patients smile naturally instead of posing, clinical evaluations and restorative
considerations should be planned according to the dynamic smile.

Keywords: Smile line, dynamic smile, static smile, gingiva, esthetic

Introduction

Evaluating dental esthetic parameters has become a routine procedure
for patients who need esthetic dental treatment. Performing a detailed
esthetic evaluation, by integrating it with biological and functional pa-
rameters, will allow the clinician to accurately diagnose and select the
most appropriate treatment plan for the patient (1).

The smile is an important facial expression and communication param-
eter (2). An esthetic smile is related to the color, shape, and size of the
teeth as well as the amount of gingival display (3). Gingival display is de-
fined as the amount of gingival visibility during a smile or the distance be-
tween the gingiva and upper lip (4). The amount of soft tissue displayed
is related to the position of the smile line (5). During the smile, the rela-
tionship between the lower border of the upper lip and the upper teeth
and/or gingival display forms the smile line. In previous years, smile line
types were categorized in three groups. According to this classification,
cases with enamel-cement junction visibility and gingival display above
this junction were described as Class 1 (gummy smile), cases where only
gingival embrasures were seen as Class 2, and cases where less than 75%
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of the anterior teeth were visible were Class 3 (6). In 2004,
Liebart et al. (7) expanded the types of smile lines into four
groups: Class 1, with a very high smile line (more than 2 mm
gingival display); Class 2, with a high smile line (0-2 mm gin-
gival display); Class 3, with an average smile line (display of
gingival embrasures only); and Class 4, with a low smile line
(gingival embrasures and enamel-cement junction not visi-
ble) (Figure 1).

2; C: Class 3; D: Class 4).

Clinicians often base their diagnosis, treatment planning,
and research on patients’static smiles at a single moment of
a posed smile. For all those purposes, this static analysis can
lead to misdiagnosis and non-ideal treatment because pa-
tients’natural smiles may be significantly different from their
posed smiles, displaying more teeth and/or gingiva. Dynam-
ic smile assessments should be used to determine the entire
range of a spontaneous smile (8).

In addition, the prevalence of a smile line is determined
according to a static (posed) smile. It is thought that obtain-
ing dynamic smile records spontaneously can change the
prevalence of smiling lines and give more accurate results.

The aim of this study was to determine the prevalence
of smile types in dynamic (spontaneous) smiles in a young
Turkish population between the ages of 18 and 23 and to
compare it with the prevalence in static smiles. The first null
hypothesis was that gingival display would not change be-
tween static and dynamic smiles. The second null hypothesis
was that the smile line types would not be different between
males and females.

Materials and Methods
Ethical statement

This study was approved by the Baskent University Insti-
tutional Review Board (project no.: D-KA20/10) and Ethics
Committee with support from Baskent University Research
Fund. Informed consent was obtained from all participants
by asking them to sign a consent form containing details
about the study.

Sample size estimation

This study was carried out with 150 students (75 females,
75 males). The sample size was calculated for the chi-square
test, which was used to test the primary hypothesis of our
study. As a result of the sample size analysis performed using
Cohen’s effect size value of 0.29, a minimum of 150 individ-
uals should be included in the study (1 — 3 = 0.80) to reveal
significant differences between the groups with 80% power
and a = 0.05 error (95% confidence interval).

Study protocol

Exclusion criteria were orthodontic treatment in process,
a missing anterior tooth, restoration in the anterior region,
and periodontal disease. For static and dynamic recordings,
photographs and video recordings were taken at a distance
of 40 cm between the lens and the tip of the nose by us-
ing a camera (Canon EOS 750D, Canon Inc., Japan), a lens
(100 mm, Canon Inc., Japan), a ring flash (MR-14EX II, Canon
Inc., Japan), and a tripod (HAMA HM.4605 FlexProS, China).
All photographs were taken under the same conditions by
the same photographer. Participants were positioned stand-
ing in front of a white background. Before the recordings
were taken, 13.1 cm wide archless flat glasses were fitted to
each participant to calibrate the gingival distance measure-
ment in the photos (Figure 2). For the static recording, the
participants were asked to look across and smile with their
mouths open while the photo was taken. In order to record
the dynamic smile correctly, the participants were engaged
in relaxed conversations and asked to laugh more comfort-
ably, and the video of these moments was recorded for 20
seconds while maintaining the same distance. Then, the vid-
eo recordings were evaluated, and the screenshot taken of
the moment when the participant smiled most comfortably.
Thus, the highest smile line was recorded. This moment was
determined as a dynamic smile line. Gingival display in the
static and dynamic records was measured with an electronic
ruler by using the Keynote (v6.6.1; Apple Inc., USA) program
(Figure 2). All photographs were adjusted, and black bars
were placed on the eyes of the participants’ photographs by
using Adobe Photoshop (version 21.2, USA). Measurements
were made between the enamel-cement junction of the
maxillary central teeth and the lower border of the upper
lip. In cases of asymmetry, the amount of gingival display of

Figure 2. Gingival display measurement and calibration.
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both central teeth was measured, and the arithmetic mean
was calculated. Then, smile lines were classified according to
the classification of Liebart et al. (7).

Statistical analysis

Post hoc power analysis was conducted to determine the
power of the study, with a type-1 error value of 0.05 for the
primary hypotheses that were found to be statistically signif-
icant. The G*power software (version 3.1.9.7, Heinrich Heine
University Disseldorf, Germany) was used for sample size
estimation and post hoc power analysis. Statistical analysis
of the data collected in our study was performed using the
SPSS package program (Version 22.0, SPSS Inc., USA). Fre-
quency distributions of categorical variables were present-
ed as number and percentage (%). Descriptive statistics of
continuous variables were reported with mean + standard
deviation, in accordance with the data normality distribu-
tion. The normal distribution of the data was tested with
the Shapiro-Wilks test. Relationships and ratio comparisons
between categorical variables were evaluated using the chi-
square test. Gingival display measurements were compared
by Student’s t-test between two independent groups. The
statistical significance level was considered as p<0.05.

Results

A statistically significant difference was found between
the ratios of smile line types in static and dynamic smiles
in young individuals between the ages of 18 and 23 (chi
square*(3)= 47.87, p<0.001). The statistical post hoc pow-
er for this comparison was calculated to be 100%. Class 2
was found to be most prevalent in both static and dynamic
smiles at 36% and 44%, respectively. The prevalence of Class
2 in dynamic smiles is higher than in static smiles (p<0.001).
While the least common type in static smiles is a very high
smile line, it was the second most frequent type in dynam-
ic smiles (p<0.001). Average smile line was the second most
frequent smile type in posed smiles, while it was the second
least frequent in spontaneous smiles (p<0.001) (Table 1).

Figure 3 shows the change in smile types of individuals
from static smile to dynamic smile. As a descriptive analysis,
none of the participants with a low smile line in the static
smile showed a very high smile line in the dynamic smile
(Figure 3). All of the participants with an average smile line
in a static smile showed high or very high smile lines in a
dynamic smile. There was no decrease in the amount of gin-
gival display in any of the participants from static smile to
dynamic smile.

The ratios of the smile line types in static and dynamic
smile by gender are given in Table 2. The ratios of smile line

types were statistically different between males and females
in both static and dynamic smiles among young individu-
als aged 18-23 (chi square(3)= 17.33, p=0.001; chi square(3)=
22.12,p<0.001, respectively). For this comparison performed
by gender, statistical post hoc power was calculated to be
100% for static smiles and 100% for dynamic smiles. While
the prevalence of high smile lines in static smiles and very
high smile lines in dynamic smiles is highest in females, the
prevalence of average smile lines in static smiles and high
smile lines in dynamic smiles was highest in males (p = 0.001
and p < 0.001, respectively).

The arithmetic mean gingival display was 0.35 £ SD mm in
static smiles and 1.44 £ SD mm in dynamic smiles. The aver-
age soft tissue display is higher in dynamic smiles (p<0.05).
The arithmetic mean gingival display of females and males
in static smiles was 0.47 + SD mm and 0.20 = SD mm, respec-
tively; in dynamic smiles, it was 1.92 + SD mm and 0.87 + SD
mm, respectively. In both static and dynamic smiles, the av-
erage amount of gingival display was higher in females than
in males (p<0.05 and p<0.05, respectively).

The average gingival display in participants with a Class 1
smile line is 2.41 £ SD mm in static smiles and 3.34 £ SD mm
in dynamic smiles. On the other hand, the average gingival
display in static and dynamic smiles was 0.52 + SD mm and
0.62 £ SD mm, respectively.

Figure 3. Change in smile types from static to dynamic smile. A, C,
E show posed (static) smiles, B, D, F show spontaneous (dynamic)
smiles. (A: High smile line; B: Very high smile line; C: Average smile
line; D: High smile line; E: Low smile line; F: High smile line.).

Table 1. Prevalence of smile line types in static and dynamic smile (*Statistically significant with Chi-square test).

Smile Line Types Static Smile n (%) Dynamic Smile n (%) P value Power
Class 1 (Very high smile line) 12(8) 51 (34)
Class 2 (High smile line) 54 (36) 66 (44)

<0.001* 100%
Class 3 (Average smile line) 51 (34) 18 (12)
Class 4 (Low smile line) 33(22) 15 (10)
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Table 2. The prevalence of static and dynamic smile lines by gender (*Statistically significant with Chi-square test).

Smile Types
Smile Line Static (Posed) Dynamic (Spontaneous)
Types
Female (%) Male (%) Pvalue Power Female (%) Male (%) Pvalue Power
Very high 8 8 48 20
High 48 24 40 48
0.001* 100% <0.001* 100%
Average 32 36 8 16
Low 12 32 4 16
Total 100 100 100 100
Class 2, it is Class 1 in dynamic smiles. The rate of very high
Discussion smiles line in dynamic smiles is six times higher (48%) than

Regardless of gender and age, there are parameters for
the evaluation of smile esthetics, such as midline, incisor
width/height ratio, buccal corridor, incisor crown inclina-
tion, and smile arch appearance. Among these parameters,
the amount of gingival display is one of the most important
keys to smile beauty (9-12). Both null hypotheses of the pre-
sented study were rejected; gingival display changed during
static and dynamic smiles within both male and female pop-
ulations.

In this research, static photographs were evaluated to
measure gingival display. Capturing dynamic smiles using a
video camera recording can change the display of soft tis-
sues and teeth compared to static images produced by a
camera (13-15). Recording a video for dynamic smiles can
allow a proper analysis of esthetics and function. Usually,
when the patient is asked to smile broadly during the clinical
evaluation, the patient poses with a lower smile than usual
(16, 17). In this study, the frequency of smile types in stat-
ic and dynamic smiles in a young Turkish population aged
18-23 was compared. This age range was preferred because
the gingival display changes as the age increases (14, 18).

Maxillary central incisors are the key determinant in the
evaluation of smile type and esthetics. Therefore, in this
study, the smile type was evaluated by measuring the gingi-
val display of the maxillary central teeth (19-21).

There are a few studies from different ethnic communities
that show that the smile line may be found to be different in
a patient’s comfortable position, since the smile line assess-
ment is mostly based on the patient’s photographs and the
patient is asked to pose (8, 22). Also in this study, the prev-
alence of the smile line types changed between the posed
smile and the spontaneous smile.

In a study performed by Mahn et al. (8), while the preva-
lence of the smile line changed in dynamic smiles, the most
common smile line was the low smile line in static smiles,
while the average smile line was found in dynamic smiles.
However, in this study, although the most common smile
line type is the high smile line in both static and dynam-
ic smiles, the rate of high smile lines is higher in dynamic
smiles. This is thought to be related to the conduct of studies
in different ethnic communities.

The prevalence order of smile types in static smiles and dy-
namic smiles in both females and males has changed. While
the most common smile line in females in static smiles is

in static smiles (8%) in the female population. While the low-
est two smile lines (Class 3 and Class 4) are most prevalent
in static smiles in males, the highest two smile lines (Class
1 and Class 2) are most prevalent in dynamic smiles. Based
on these findings, it can be said that the posed smiles of the
majority of the Turkish population do not reflect their natu-
ral smiles.

In a study by Jensen et al. (23), it was reported that the
average amount of gingival display of females was higher
than that of males in posed smiles. Similarly, in this study,
the amount of gingival display is higher in both posed and
spontaneous smiles of females compared to males.

This study obtains specific frames for the desired purpose,
using videographic imaging technology. The fact that video
recordings are as easy, reproducible and reliable as photo-
graphic recordings makes them valuable in clinical practice.
With the help of a software program, the desired analyses
and measurements can be performed on the images ob-
tained from video recordings.

This study showed that the use of digital photography
alone is insufficient for evaluating gingival display and plan-
ning the esthetic restorations to be decided accordingly, be-
cause most of the participants showed a change in the type
of smile between posed and spontaneous records. More-
over, treatments should be planned individually, as females
usually present higher gingival display than males in both
posed and spontaneous smiles.

The reason for the limitation of this study to the young
age group is the decrease in gingival display due to age. Fur-
ther studies should be investigated on types of smiles and
changes in gingival display during static and dynamic smiles
in different age ranges.

Considering that the amount of gingival display is an im-
portant parameter that directly affects esthetics, it is critical
to accurately determine the amount of gingival display in
the planning and performing stages of certain clinical ap-
plications, such as esthetic restorations, prosthetic material
decision, orthognathic surgeries, philtrum and lip reposi-
tioning operations, and periodontal crown lengthening.

Conclusion
The smile line is usually found lower than its natural posi-

tion since the smile line assessment is based on the patient’s
photographs and the patient is asked to pose. The smile



Gingival display and the smile line

27

line in spontaneous smiles is higher than in static evalua-
tions. Clinical evaluations and restorative thoughts should
be planned according to the dynamic smile, as the gingival
appearance increases when patients are smiling naturally
rather than posing.

Tiirkge Ozet: Tiirk popiilasyonunda statik ve dinamik giiliis sirasinda
gingival goriiniim analizi: klinik ¢calisma. Amag: Glillis tipi en ¢cok hasta
statik durumda iken, fotograflarda poz verirken siniflandirilir ve buna
gdre poplilasyondaki glilis tiplerinin yayginlidi belirlenir. Ancak spon-
tane gliliimsemede prevalansin farklilik gésterebilecegi diistiniilmek-
tedir. Bu ¢calismanin amaci, 18-23 yas arasindaki Tiirk poplilasyonunda
spontan gliliiste gtilme hatti tiplerinin yayginligini belirlemek ve sta-
tik gliltis prevalansi ile karsilastirmaktir. Gereg ve Yontem: Bu ¢alisma
Baskent Universitesi Dis Hekimligi Fakiiltesi'nden 150 lisans égrencisi
(75 kiz, 75 erkek) dabhil edilerek yapildi. Bu amagla katiimcinin burun
ucundan 40 cm mesafede, statik gliliis icin fotograf kayitlari, dinamik
gliliis icin ise 20 saniyelik video kayitlari alindi. Olctimler elektronik cet-
velle yapild. Bulgular: Hem pozlanmis hem de spontan gliltiste yiiksek
glilme hatti prevalansi en fazla bulunmustur. (p<0.001). Ortalama dise-
ti yiksekligi dinamik gtliiste daha fazladir (p<0.05). Kadinlarda hem
statik hem de dinamik giilmede erkeklere gére ortalama diseti gériinme
miktari daha fazladir (p<0.05). Sonug: Glilme hatti, hastanin poz vere-
rek fotograflandidi kayitlar lizerinde degerlendirildiginde, video kayitlar
yoluyla elde edilen dogal giilme hattina gdre daha diistik bulunmus-
tur. Hastalar poz vermek yerine dogal sekilde glildiiklerinde gingival
goriiniim arttigindan, klinik degerlendirmeler ve restoratif diistinceler
dinamik gliliise gére planlanmalidir. Anahtar kelimeler: Giilme hatti,
statik gliliis, dinamik glillis, diseti, estetik.
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Original research

Oral health experiences of Turkish children with acute
rheumatic fever or rheumatic heart disease

Purpose

Children with acute rheumatic fever (ARF) or using depot-penicillin because of
rheumatic heart disease (RHD) are prone to the risk of infective endocarditis (IE)
and poor oral hygiene. This cross-sectional study aimed to investigate oral health
experiences of a group of healthy children and a group of children with ARF or who
were using depot-penicillin because of RHD (study group).

Materials and Methods

Medical and dental data of 86 children aged between 5-12 years were investigated
in this study. Medical histories, decayed, missing, and filled teeth, plaque index,
gingival index, toothbrushing frequencies, and the study and healthy groups’
socioeconomic levels were recruited and examined.

Results

The ‘dmft’ of the study and healthy groups were found to be 5.51+3.81 and
2.37+2.31, respectively, while the ‘DMFT’ of the study and healthy groups were
1.71£2.28 and 1.06+1.59, respectively. There was no significant difference between
the gingival indexes of the study group 0.89+0.39 and the healthy group 0.62+
1.03 (p=0.112). Nevertheless, the groups significantly differed regarding the plaque
index, which were 0.87+0.40 and 0.45+0.41, respectively (p<0.001). The tooth
brushing frequencies in the study and healthy groups being twice a day or more
were 23.3% and 46.5%, respectively.

Conclusion
The children with ARF or using depot-penicillin because of RHD had more
permanent and primary tooth caries and poorer oral health than the healthy group
in this study.

Keywords: Acute rheumatic fever, dental caries, cardiac disease, rheumatic heart
disease, oral health

Introduction

The acute rheumatic fever (ARF) is an inflammatory disorder mainly in-
volving the heart and joints, but rarely the central nervous system, skin, and
subcutaneous tissues as a late-stage finding, due to Group A beta-hemo-
Iytic streptococcal (GABHS) infections (Streptococcus Pyogenes (SP)) during
childhood (1). This disease manifests the peak ratio in school-age children
aged 5-15 years (2). While it has nearly evanesced in the affluent countries
(North America and Western Europe), it is still a significant problem in de-
veloping countries (2,3). Although there has been no factual statistical
data about this disease in Turkey, it has been suggested to be seen with a
frequency similar to the Middle Eastern and Mediterranean countries (25-
100 per 100.000) (4,5). The status of both ARF and rheumatic heart disease
(RHD) have changed due to improved living conditions, good nutrition, ad-
vanced medical nursing, penicillin, oral and medical hygiene (2,3).
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ARF diagnosis is made with either two major criteria or
one major and two minor criteria (1). The 2015 revision of
the Jones Criteria for ARF indicates only two groups regard-
ing this illness: moderate-high and low-risk groups (6). The
critical symptom of ARF (60%) with long-term sequelae is
carditis (1,2). While RHD may be seen after known ARF, the
disease might be formerly asymptomatic, or patients may
not recall ARF history (7). The minor complications of ARF
are arthralgia, fever, first-degree heart block, and the high
ratio of acute phase reactants (1).

If ARF patients do not have intramuscular injections of benza-
thine penicillin G (BPG) every 21 days, they will likely have more
cardiac problems, heart failure risk, palsy, and early demise (3,7).
The prophylaxis may avoid an initial ARF attack following a sore
throat (Table 1) (3).The American Heart Association has suggest-
ed that children with a complaint of ARF or RHD should receive
secondary penicillin prophylaxis (SPP) as either oral diurnal pen-
icillin (penicillin V) or BPG every 21 or 28 days (3). Patients might
have infective endocarditis (IE) in the presence of three major
components: a cardiac lesion and endocardial harm, significant
mucosal lesions responsive to bacteremia and the microbial in-
oculant capacity, and the bacterial factor’s virulence. IE might be
diagnosed and treated early; however, the mortality rate varies
between 10-15%. IE, which has complicated relationships with
invasive dental therapies and poor oral health, occurs in ARF
patients’ mitral or aortic valves since they are most frequently
disrupted (7). Thorney et al. (8) claimed that dental caries is asso-
ciated with sugar, and ARF is fed by sugar. Thus, if the patient has
untreated caries, ARF’s prognosis might worsen. Untreated den-
tal caries has adverse impacts on children’s well-being and public
health status, and may create pain, abscess, and fever, together
with chewing, growing, and sleeping problems.

Oral health is a crucial part of public health, with a two-sid-
ed correlation (9). The oral cavity is the most prevalent origin
for bacteremia due to periodontal pockets, dental pulp, and
periradicular bone. Tooth brushing, flossing, chewing, and
breathing are the daily activities for spreading bacteremia
(7). Administration of drugs with sucrose is a risk factor for
caries and periodontal diseases in children (10). A dental
therapy, such as performing an extraction, periodontal sur-
gery, scaling, and root planning, are risk factors for bactere-

mia (7). Ultimately, a team involving a pediatric cardiologist
and a pediatric dentist should collaborate for their patients’
oral health (11). If the cardiac patient is in the high-risk group
for IE, a pediatric cardiologist may recommend dental thera-
py for the patient (Table 2) (7).

If an invasive dental procedure is indicated, patients under
IE risk should have proper oral health. In the literature, chil-
dren with congenital heart disease (CHD) have been more
susceptible to caries lesions when compared to healthy
control groups (10,12). To our best knowledge, only a few
studies have assessed the impacts of interference with oral
health in children with ARF (8,13-15). Moreover, there is no
such previously conducted study in Turkey.

Hence, this cross-sectional study aimed to investigate
oral health experiences in healthy children and a group of
children with ARF or using depot-penicillin because of RHD.
The null hypothesis tested in the present study is that there
would be no difference between the children with ARF or
using depot-penicillin for RHD and healthy children.

Materials and Methods
Ethical approval

The ethical approval of this study was obtained from the
Kahramanmaras Sutcu Imam University Faculty of Medicine

Table 2. The high risk of the patients with CHD (7).

- Prosthetic cardiac valve or prosthetic material used for cardiac
valve repair

- Prior IE

- Unrepaired cyanotic CHD, inclusive of palliative shunts and
conduits

- In patients who have cyanotic CHD with residual defect or
palliative residual defect

- In patients who have full-repaired CHD without residual defects
up to 6 months after surgery

- In patients who have undergone transplantation and whose
valve insufficiency continues

Table 1. Methods for prevention from streptococcal infections in acute rheumatic fever (3).

Dose/Method of

Primary protection Secondary protection

Medicine Application criteria administration time time

Benzathine penicillin G >27 kg 1.200.000 unit, IM Single-dose Every 21 days*
<27 kg 600.000 unit, IM Single-dose

Penicillin V Primary protection 3x250 mg/day, PO 10 days Everyday
Secondary protection 2x250 mg/day, PO

Sulfadiazine or >27 kg 1x1 gr/day, PO = Everyday

sulfisoxazole <27 kg 1x0.5 gr/day, PO

Erythromycin** Primary protection 20-40 mg/kg/day, 2-4 10 days Everyday
Secondary protection dose, PO

2x250 mg/day, PO
1st generation Primary protection Variable by drug 10 days =

cephalosporin***

*In regions where rheumatic fever is not endemic, this period can be extended to 28 days. ** Given to those with penicillin allergies*** 15% of people with penicillin
allergy also develop an allergic reaction to cephalosporins. IM: Intramuscular, PO: Peroral.
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Clinical Investigations Ethics Board (2019/18-294). Written
informed consent was obtained from the parents of the chil-
dren included in the study.

Study design and participants

The present study was a cross-sectional one, conduct-
ed with all children admitted to the Kahramanmaras Sutcu
Imam University Faculty of Medicine of Pediatric Cardiology
Department between August 2019 and March 2020 and di-
agnosed with cardiac disease. A group of children with ARF
or using depot-penicillin because of RHD (study group) was
compared to a randomized group of healthy children (con-
trol group; no medical history and systemic disease).

A total of 86 children aged between 5-12 years were in-
cluded in the study. The participants were divided into two
groups: study group (n=43) and healthy group (n=43). Four-
teen males and 29 females with a mean age of 10.3+1.81
years were in the study group, whereas the healthy group
comprised 22 males and 21 females with a mean age of 9.65
+2.64 years.

Inclusion criteria

Children with ARF or using depot-penicillin because of
RHD and referred to the Pediatric Dentistry Department
during the study period were included.

Exclusion criteria

Children with a medical history of cardiac or other disorder
(e.g., cancer, chronic renal disease, chronic liver disease, au-
toimmune disease, congenital heart disease, aplastic or dif-
ferent types of anemia, immune disorder, cardiomyopathy,
congenital malformation, neoplasm, metabolic syndrome,
nervous system disorder, chronic lower respiratory disease,
neonatal cerebral disorder) were excluded from the study
(8,16). Inputs of the study were realized by a single pediatric
cardiologist (U.U.G).

Data collection

The study was conducted on data related to gender, age,
socioeconomic status, toothbrushing habits, cardiac status
detection, and dental health.

Clinical oral investigation

The caries experiences of the patients were noted according
to the World Health Organization (WHO) criteria for primary
(dmft) and permanent teeth (DMFT) indexes (i.e., the sum of
decayed, missing (due to caries), and filled teeth). The Gingival
and Plaque Indexes were measured at the Kahramanmaras Sut-
cu Imam University of Faculty of Dentistry of Pediatric Dentist-
ry Department. A pediatric dentist (A.S.0) examined the dried
teeth with a probe and mount mirror in a dental unit.

Gingival Index was measured for six surfaces using a probe
pressed into the gingival margin parallel to the buccal sur-
faces (55/16, 52/12, 64/24, 75/36, 72/32, and 84/44). The
scoring was recorded as follows: 0 — no inflammation and
no bleeding; 1- bleeding on at least one surface or mild in-

flammation, such as a slight color change; 2- moderate in-
flammation, such as moderate glazing, redness, edema, and
hypertrophy; 3- progressive inflammation, such as advanced
redness, edema, and spontaneous glazing (17).

Plaque Index was measured for six surfaces using a probe
pressed into the gingival margin parallel to the buccal surfac-
es (55/16,52/12, 64/24,75/36, 72/32, and 84/44). The scoring
was recorded as follows: 0- no plaque; 1- a thin film of plaque
along the free gingival margin; 2- moderate accumulation
with a plaque in the sulcus; 3- a large amount of plaque in the
sulcus or pocket along the free gingival margin (17).

The panoramic radiographs and clinical photographs of
children were obtained when possible and necessary. The
children in the study group were offered prophylaxis in-
volving dental examination and treatment (extracting and
periodontal scaling) by their pediatric cardiologist. The Eu-
ropean Society of Cardiology’s recommendations were con-
sidered while deciding on the need for IE prophylaxis (18).

Statistical analysis

The Jamovi (Version 1.0.4) Computer Software was used for
all statistical analyses. Descriptive statistics and Chi-square
tests were utilized for participants’ demographic character-
istics. The normality of data distribution was checked using
the Shapiro-Wilk test. Since the assumptions for normal
distribution were met, one-way analysis of variance (ANO-
VA) was used for the dmft/DMFT scores, plaque index, and
gingival index. The pairwise comparisons were done using
Tukey'’s post hoc test (p=0.05).

Results
Demographic data

A total of 86 children, 43 with ARF or using depot-penicillin
because of RHD [14 males (32.6%), 29 females (67.4%)], and
43 healthy children [22 males (51.2%), 21 females (48.8%)]
participated in the study. The demographic characteristics
of the participants were presented in Table 3. The children’s
ages were between 5-12 years; the mean age of children
in the study group was 10.3+1.81 years, whereas it was
9.65+2.64 years for children in the healthy control group. The

Table 3. Demographic information of the study participants.

Study Healthy
Variables Group Group p value
n=43 n=43
Age (years +SD) 10.3£1.81  9.65+2.64 0.072
Sex
Female 29 (67.4%) 21 (48.8%) 0.080
Male 14 (32.6%) 22(51.2%)
Toothbrushing frequency
>2 times a day 10(23.3%) 20 (46.5%) 0.024*
<2 times a day 33(76.7%) 23 (53.5%)
Socioeconomic status
Low 13(30.2%) 16(37.2%)
Medium 25(58.1%) 22(51.2%) 0.778
High 5(11.6%) 5(11.6%)
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study and healthy groups’ socioeconomic status were low in
13 (30.2%) and 16 (37.2%) children, moderate in 25 (58.1%)
and 22 (51.2%) children, and high in 5 (11.6%) and 5 (11.6%)
children, respectively. There was no statistically significant dif-
ference between the two groups regarding age, gender, and
socioeconomic status (p=0.072, p=0.80, p=0.778, respective-
ly). The study and healthy groups’ toothbrushing frequencies
being two or more a day were 23.3% and 46.5%, respectively.
A significant difference was present between the two groups
regarding the toothbrushing frequency (p=0.024).

Medical diagnosis

Thirty-four patients (79.1%) had mild mitral insufficien-
cy, and two patients (4.7%) had severe mitral insufficiency
in our study. Twenty-three patients (53.5%) had mild aortic
regurgitation and, only one patient (2.3%) had severe aor-
tic regurgitation. The numbers of patients with first-degree,
second-degree, and third-degree carditis were 37 (86%), 4
(9.3%), and 2 (4.7%), respectively (Table 4).

Oral health experiences: prevalence and severity

The children’s data relevant to caries, gingival index, and
plaque index were presented in Table 5. While the ‘dmft’ in-
dex is used for primary teeth of children aged 5-12 years, the
‘DMTF’ index refers to permanent teeth of children aged 12-
15 years. The ‘dmft’ indexes of the study and healthy groups
were found to be 5.51+£3.81 and 2.37+2.31, respectively,
and these values significantly differed between the groups
(p<0.001). The patients in the study group had more teeth
with caries than the healthy group; the difference was statis-
tically significant (p<0.001). Forty-one children in the study
group and 35 children in the healthy group had permanent
teeth. The 'DMFT’ indexes of the groups were 1.71+£2.28 and
1.06+1.59, respectively. However, these values did not sig-
nificantly differ between the groups (p=0.150). There were
more permanent teeth with caries in the study group, and
the difference was statistically significant (p=0.029).

It was found that there was no significant difference between
the gingival indexes of the study group (0.89+0.39) and the
healthy group (0.62+1.03) (p=0.112). On the other hand, the
groups significantly differed regarding the plaque index, which
were (0.87+0.40) and (0.45+0.41), respectively (p<0.001).

Table 4. The medical diagnoses of the patients in the study group.

Mitral Insufficiency (MI)

Absent 3 (7.0%)
Mild 34 (79.1%)
Moderate 4(9.3%)
Severe 2 (4.7%)
Aortic Regurgitation (AR)
Absent 19 (44.2%)
Mild 23 (53.5%)
Moderate 0 (0.0%)
Severe 1(2.3%)
Degree of Carditis
First 37 (86.0%)
Second 4(9.3%)
Third 2 (4.7%)

Table 5. The oral health experiences of children with acute

rheumatic fever or using depot-penicillin because of rheumatic heart
disease and the healthy group.

i(;a;Lexs Group N Mean + SD p-value

D Study group 43 5.05+3.61 <0.001*
Healthy group 43 1.14+£1.92

M Study group 43 0.33£0.78 0.028*
Healthy group 43 0.05+0.21

F Study group 43 0.14+0.52 <0.001*
Healthy group 43 1.19£1.40

Dmft Study group 43 5.51+3.81 <0.001*
Healthy group 43 2.3742.31

D Study group 41 1.32£1.71 0.029*
Healthy group 35 0.57£1.19

M Study group 41 0.22+0.82 0.154
Healthy group 35 0.03+£0.17

F Study group 41 0.17+0.77 0.158
Healthy group 35 0.46+0.95

DMFT Study group 41 1.71£2.28 0.150
Healthy group 35 1.06+£1.59

Gingival Study group 43 0.89+0.39 0.112

index  eaithy group 43 0.62+1.03

Plaque  Study group 43 0.87+0.40 <0.001*

index Healthy group 43 0.45+0.41

Discussion

ARF and RHD are estimated to affect almost 20 million
children in developing countries and constitute the leading
cause of cardiovascular death during the first five years of
life (2). The incidence of ARF has decreased with improve-
ment in living conditions and common antibiotics for treat-
ing streptococcal transmission (7).

To our best knowledge, this study is the first dental study
conducted on Turkish children with ARF or using depot-pen-
icillin because of RHD. This study had some restrictions, such
as that the examined study group was small, no power anal-
ysis was performed due to unclear prevalence of ARF in the
Turkish population, and some patients with ARF but no car-
diac involvement were excluded. This study aimed to empha-
size the importance of oral health in these diseases. The study
group diagnosed by an experienced pediatric dentist dis-
closed some significant results for their previous dental ther-
apies. The oral health examinations relied on clinical and ra-
diographic diagnoses. The children were first examined when
they were admitted to the Pediatric Cardiology Department
of Medical Faculty to receive intramuscular injections of BPG.

The literature embodies several studies comparing children
with ARF and healthy children regarding their caries experienc-
es (8,13-15). Thornley et al. (8) claimed that there was a posi-
tive correlation between caries and ARF. Intake of sugar leads
to dental caries; therefore, the relationship between sugar in-
take and ARF might be significant. Streptococcus Mutans (MS)
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is a bacterium associated with dental caries; therefore, there
may be a correlation between this bacterium and ARF (19).
SP, which is related to ARF, ferments sugar (especially glucose
and fructose), and the sugar is proposed to be a fundamental
source of ARF owing to the growing number of SPin sugar (20).
Nevertheless, in their study, Thornley et al. (8) used the hospital
records for the participants’ medical histories. In our study, the
children were diagnosed by a pediatric dentist when they pre-
sented to the Department of Pediatric Cardiology.

The dmft/DMFT outcomes in our study suggest that the
null hypothesis should not be accepted. The dmft index
of primary teeth in the study group was found to be sig-
nificantly higher than that of the healthy group (p<0.001),
similar to various studies conducted with cardiac patients in
the literature (10,12). One study concluded that the patient
group with ARF had significantly more caries than the con-
trol group (14). Such a result in this study may suggest that
using depot-penicillin because of RHD accelerates caries in
primary teeth (21). Dental treatments may cause significant
problems, such as monetary, psychological, somatic, and ed-
ucational problems, in small-age children. A team consisting
of a pediatric dentist and a pediatric cardiologist might in-
form patients about the importance of optimal oral health. A
general dentist might consider that his/her knowledge may
be insufficient for children with special needs and may direct
such patients to a pediatric dentist.

This study group’s missing primary teeth were significant-
ly more than that of the healthy group (p=0,028). When the
pulp tissue is involved in caries lesions, the pediatric dentist
uses radical treatment such as extraction instead of root end-
odontic treatment or vital pulp therapy (22). The extraction
might be performed under antibiotic prophylaxis (18).

The study group’s filled primary teeth were significantly
less than that of the healthy group (p<0.001). It is known
that if dental caries of a patient with ARF or who is receiving
depot-penicillin for RHD is not treated, the patient will have
an increased risk of dental sepsis. The sepsis outcome may
be lethal or critical complications may develop in surgically
undermined children (7). Optimal oral health restrains bac-
teremia and IE. When the patient’s dental therapy was tooth
extraction or a periodontal operation, it was performed by
the pediatric dentist (A.S.0) under antibiotic prophylaxis.
The guideline claims that dental procedures should be per-
formed under antibiotic prophylaxis when oral mucosal per-
foration involving the tooth’s periapical area and manipula-
tion of gingival tissue are present (18). As formerly reported,
caries in primary teeth increases the possibility of develop-
ing caries in permanent teeth, and plaque and gingivitis are
risk factors for periodontitis in the future (23,24).

The DMFT index of permanent teeth was found to be 1.71
+ 2.28 in the study group, and there was no significant dif-
ference between the groups (p=0.150). Similar to our study,
Stecksen-Blicks et al. (10) reported no significant differences
between patient and control groups regarding permanent
teeth and suggested that such a result might have been re-
lated to the participants’age. Our findings were also parallel
with what was previously reported for cardiac patients in the
literature (10,25). Moreover, the study group’s permanent
tooth caries was significantly more than that of the healthy
group in our study (p=0.029), similar to Franco et als study
(26).Onthe other hand, the number offilled permanent teeth

in the study group was less than that of the healthy group,
but it did not significantly differentiate them (p=0.158). In a
study, the children with CHD were more worried than their
healthy peers due to their former therapy experience and
hospitalization; thus, such children might delay visiting their
dentists due to their anxiety (27). The missing permanent
teeth in the study group were higher in number than that
of the healthy group, and there was no statistical difference
between the groups (p=0.154). This result may be related to
the the patients’ age. In this age group, children are more
aware of the importance of tooth brushing.

In our study, the plaque index of the study group was sig-
nificantly higher than that of the healthy group (p<0.001),
which shows a similarity with the study of Ali et al. (28). Poor
oral health among Turkish children might be related to the
typical attitude towards dental treatments and less aware-
ness of dental treatments’importance.

It has been strongly recommended that patients brush
their teeth twice a day, use dental floss, and visit their den-
tists regularly, thus protecting their oral health and quality
of life (7). In our study, 23.3 % of the children in the study
group brushed their teeth more than twice a day. There was
a significant difference between the groups in this study re-
garding tooth brushing (p=0.024). Berger (29) claimed that
pediatric cardiac patients with more caries lesions might
have had improper tooth brushing habits.

There was no statistical difference between the groups
in our study regarding socioeconomic status (p=0.778).
Previous studies investigating the relationship between so-
cioeconomic status and dental caries lesions have suggest-
ed precise results (29,30). Like our study, Balmer et al. (22)
claimed no association between socioeconomic status and
dental caries lesions in children with CHD. The result in the
present study may be expounded upon the free-of-charge
dental therapy in Turkey.

Moreover, patients with systemic disease and their par-
ents should be more aware of preventive dental treatments
and required measures to prevent dental caries because it
is acknowledged in the literature that oral health and gen-
eral health are interrelated (9). Some daily practices, such as
tooth brushing, dental flossing, and chewing, tend to de-
crease oral bacteremia risks (7).

In almost half of the patients with this disease, the valvular en-
docardium may be impaired due to cardiac inflammation (31).
The patients’ medical histories were taken to investigate their
cardiac conditions and suitability for dental operations (Table 4).
A further limitation of this study was that the study group’s caries
could not be fully correlated with the patients’ medical histories.
All patients with ARF or using depot-penicillin because of RHD
started regularly visit our dental clinic after relevant information
pertinent to this study’s results was provided.

Poor oral hygiene due to caries lesions is a significant prob-
lem for IE, and a pediatric dentist and cardiologist should
perform proper dental therapy. This study’s team recom-
mended that patients visit the dentist regularly, take good
care of their oral health (tooth brushing, dental flossing,
dental fluoride treatment), and feed with less sugar. If caries
is diagnosed initially, dental therapy will be easier, cheaper,
and quicker. The parents of children with ARF or using de-
pot-penicillin for RHD should be warned about the infective
endocarditis risk.
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Conclusion

The children with ARF or using depot-penicillin because
of RHD had worse oral health experience than the healthy
group in this study.

Tiirkce Ozet: Akut romatizmal ates veya romatizmal kalp hastaligi
olan tiirk ¢ocuklarinin agiz sagligi deneyimleri. Amag: Akut romatizmal
ates (ARA) veya romatizmal kalp hastaligina (RKH) bagli depo penicillin
kullanan cocuklar enfektif endokardit (EE) riskine ve kétii agiz hijyenine
yatkindir. Bu kesitsel ¢alismanin amaci bir saghkli cocuk grubu (kontrol
grubu) ile ARA veya RKH nedeniyle depo penicillin kullanan ¢ocuklarin
(calisma grubu) oral bulgularini karsilastirmaktir. Gereg ve yontem: Bu
calismada yaslan 5-12 arasinda toplam 86 ¢ocugun tibbi ve dis verileri
incelenmistir. Calisma ve kontrol gruplarinin tibbi 6ykiileri, ¢tiriik, cekim
ve dolgulu dis, plak indeksi, gingival indeks, dis fircalama sikliklari, so-
syoekonomik durumlar kaydedildi ve incelendi. Bulgular: Calisma ve
kontrol gruplarinda ‘dmft’ sirasiyla 5,51 + 3,81 ve 2,37 + 2,31 ve bu gru-
plarda 'DMFT sirasiyla 1,71 + 2,28 ve 1,06 + 1,59 olarak bulunmustur.
Calisma ve kontrol gruplannin gingival indeksleri sirasiyla 0,89 + 0,39
ve 0,62 + 1,03 olup, istatistiksel olarak aralarinda anlamli fark yoktur
(p=0,112). Bununla birlikte, gruplarin plak indekleri sirasiyla 0,87 + 0,40
ve 0,45 + 0,41 dir ve aralarinda anlamli fark vardir (p<0,001). Calisma ve
kontrol gruplarinin giinde iki kere veya daha fazla dis fircalama siklig
%23,3 ve %46,5dir. Sonug: ARA veya RKH nedeniyle depo penicillin kul-
lanan ¢ocuklarin saghkli gruba gére siit dislerinde ve daimi dislerinde
clirtikleri daha fazladir ve agiz hijyenleri daha kétiidiir. Anahtar Kelim-
eler: Akut romatizmal ates; dis ¢lirligi; kalp hastaligi; romatizmal kalp
hastaligi; agiz saghgi.
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Which is the most effective biomaterial in indirect pulp
capping? 4- year comparative randomized clinical trial

Purpose
The aim of this study is to compare the clinical outcomes of Mineral Trioxide
Aggregate (MTA) and calcium hydroxide pulp capping after complete caries
removal.

Materials and Methods

In 73 regular patients (47 women, 26 men; age 20.65+3.02 years), having at least one
deep carious lesion was recruited. Following complete caries removal, the pulp was
indirectly capped with either MTA(n=51) or calcium hydroxide (n =49), randomly.
Final restoration with a resin-based composite in a single session was performed.
Clinical parameters including pulp vitality, sensitivity to cold or heat stimulants,
percussion tests and discomfort during chewing and color were recorded after 6
months, 1 year, 2- year, 3- year and 4- year. Data were analysed statistically (p < 0.05).

Results

After 4-year, the survival rates were 86% (for MTA), and 82.9% (for calcium hydroxide).
Totally, 8 teeth from calcium hydroxide group and 7 teeth from MTA group were
endodontically treated. No significant difference was detected between the groups
in terms of pulp vitality (p=0.613). Grey discoloration rate was 63% in MTA group.

Conclusion

Both pulp-capping materials, MTA and calcium hydroxide showed similar clinically
successful performance in terms of pulp vitality in the treatment of deep dentin
caries lesions after 4- year.

Keywords: Mineral trioxide aggregate, calcium hydroxide, indirect pulp capping,
complete caries excavation, randomised clinical trial

Introduction

The goal of indirect pulp capping treatment of the vital teeth must be
the protection of tooth vitality by regenerating reparative dentin at the
materio - pulpal complex, that works as a biological seal before causing
to the need of more expensive and invasive treatment option such as
root-canal treatment (1).

For the stimulation of the self-remineralizing properties of dentin, bac-
teriostatic and / or bactericidal and biocompatible agents can be applied
on deep dentin neighbouring vital pulp before the placement of perma-
nent restoration. Calcium hydroxide (Ca(OH),) is widely used in the treat-
ment of deep caries lesions. It has a series of reparative properties arising
from thermoelectric stimulus blockage, initial low-grade irritation of pulp
tissue, and anorganic calcium ion precipitation, which are demonstrated
to be associated with the differentiation of dental pulpal cells (2,3). On
the other hand, some disadvantages were reported such as gradual deg-
radation, tunnel defects, an increased number of inflammatory cells and
localized pulp necrosis, over time (4-7). Hence, the treatment outcomes
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of calcium hydroxide pulp-capping can be considered as
unpredictable since different success rates ranged between
13-96% were reported, previously (8-10).

Considering the disadvantages of calcium hydroxide, bioac-
tive silicate cements, such as mineral trioxide aggregate (MTA)
was introduced with many indications including treatment of
deep caries lesions. Although, pulp exposure cannot be seen di-
rectly in the absence of bleeding, an unpredictable micro-level
pulp damage may occur during deep dentin caries excavation.

MTA has been introduced as a successful pulp-capping
material owing to its small sized particles providing tight
barrier against the migration of microorganisms and high
pH level leading minimal inflammatory reaction during heal-
ing. Besides, MTA can stimulate cell differentiation/activa-
tion, which may contribute to hard tissue matrix formation/
mineralization (11). Ford, et al. (12) investigated the MTA
pulp-capping in monkey teeth and found that the clinical
performance of MTA was higher than calcium hydroxide in
terms of pulpal inflammation and dentin bridge formation.
MTA showed better hard tissue formation and less pulpal in-
flammation compared to calcium hydroxide (13).

Deep caries lesions can be treated by complete, partial or
stepwise caries excavation techniques. Complete caries ex-
cavation technique suggests to remove whole carious lesion
from dentin at one appointment. In partial caries excavation
technique, only the caries in peripheral areas is removed.
Stepwise technique suggests the removal of whole deep
caries lesion at several appointments gradually (14). In com-
plete caries excavation technique, decayed dentin is fully
removed followed by final restoration. Nowadays, although
complete caries excavation or removal of whole carious den-
tin regarded as over-treatment, several surveys carried out
in different countries indicated that approximately 70% of
the responding dentists continue to use complete caries re-
moval technique thinking complete caries removal has an
increased pulp exposure risk but the fear about the progres-
sion of the carious lesion is eliminated (1,15-25). Thus, the
caries removal technique must be the technique of choice
depending on the time, patient’s attendance to the second
appointment or specific requirements of the patients. In this
study, complete caries removal technique was applied as it
is mostly preferred by dental practitioners. There is a limit-
ed number of mid-term clinical trials comparing the clinical
performance of MTA and calcium hydroxide after complete
caries removal, which allows clear recommendations for dai-
ly dental practice. As the survival rates of the treated teeth
tend to drop with time, short - term findings may overes-
timate the treatment outcome (8,26). Therefore, the aim of
this mid-term clinical study was to compare the outcomes
of MTA and calcium hydroxide indirect pulp-capping regard-
ing conservation of pulp vitality in a 4-year follow-up period.
The tested null hypothesis was there would be no difference
between the materials in terms of treatment outcome at 4-
year follow-up period.

Materials and Methods
Ethical statement

This article contains studies with human participants. The
local ethical committee approved this prospective random-

ized clinical trial and registered to clinicaltrials.gov. All proce-
dures were performed in line with the ethical standards of the
institutional / national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. Written consent of each participant was ob-
tained after the study procedures clearly explained.

Sample size calculation

Before the recruitment, the n number was calculated us-
ing the G-power program. The parameters were as follows:
Effect size = 0.4, type | error = 0.05, power = 0.85, Df = 5.
Although obtained sample size was n=90, the n number was
increased to 100, to considering possible drop-outs.

Study participants

The candidates, presented with at least 1 permanent pre-
molar / molar tooth characterized by deep caries lesions
without pulp exposure were recruited to study population.

Inclusion and exclusion criteria

The inclusion criteria were as follows: the teeth judged
by the clinician that; removal of the deep caries lesion af-
ter direct complete caries excavation would not cause to
exposure of the pulp (radiograph depth reaching 3/4 of the
dentin), absence of any signs of irreversible pulpitis at radio-
graphic examination, including widening of the periodontal
ligament or absence of periapical lesions, absence of spon-
taneous and heavy pain, abscesses, or sinus tract, functional
permanent posterior teeth, where the direct restoration is
indicated and the teeth, positively responded to the electric
pulp-testing and negatively responded to thermal-testing.
Exclusion criteria were; two or more cuspal loss, caries be-
neath the gingival margin, spontaneous pain history, pres-
ence of any periapical pathology, immature teeth with open
apex and pathologic mobility

A hundred and ten patients were assessed for eligibility.
The radiographs were used to predict the distance between
the caries and the pulp. Seventeen candidates refused to
participate (n= 26), 9 candidates with deep caries lesion had
spontaneous pain history (n=12), 11 teeth with deep caries
lesion were unrestorable without crown restoration (n=14).
Finally, 100 teeth in 73 patients, meeting the inclusion crite-
ria were recruited.

Study groups

The recruited teeth were randomly assigned as MTA or
calcium hydroxide groups. After complete caries removal,
the control group received the calcium hydroxide (Dycal,
Dentsply/Caulk, Dentsply International Inc, Milford, DE, USA)
while the test group received MTA (Dentsply, Tulsa Dental,
Johnson City, TN, USA) pulp-capping followed by final resto-
ration in the same session in both groups.

Randomization and blinding

The randomization unit was the tooth. A simple random-
ization technique was used for the selection of pulp-cap-
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ping material. Blinding of patients was also possible. To
avoid possible influence in the process, the clinician was not
aware about the indirect capping material until randomiza-
tion during removal of the carious lesion. If more than one
caseisincluded into the study in one patient, after allocation
of the first tooth, the second case was always treated using
other pulp-capping material. Thus, neither the investigators
nor the participants were not aware which treatment was
administered. Blinding at the follow-ups were not possible
in all cases due to the grey discoloration of MTA over time.

Calibration

Only one researcher managed the operative procedures
for standardization. Kappa statistics were performed to re-
veal inter / intra examiner agreement at follow-ups. Inter
and intra examiner agreement in the detection of success or
failure was determined as perfect (k > 0.98).

Interventions

Description of the materials were presented in Table 1.
All teeth were treated under consistent, standardized con-
ditions using a minimal invasive standardized operative
intervention procedure. Single operator conducted clinical
treatments to standardize the procedures. A local anaes-
thetic was administered before the operation procedure, if
needed (severe sensitivity or pain during the preparation,
rinsing, or drying and dental phobia). Carious lesion was re-
vealed using sterile diamond burs at high-speed under co-
pious water-cooling. Removal of superficial and soft dentin
was started from lateral walls and dentino-enamel junction
using a sterilized sharp and spoon-shaped hand excavator.
Then, a slow-speed handpiece with sterilized stainless-steel
burs were used to complete caries excavation. The cavities
were rinsed with water and dried with mild water.

Hardness, color and the unique sound of the dentine
while probing were used to assess the caries free diagnosis
of the dentine. The isolation was achieved with a well-per-
forming saliva ejector and cotton rolls. Subsequently, the
teeth were then randomly divided into MTA or calcium
hydroxide groups. The materials were applied according
to the manufacturer’s instructions. A detailed application
procedure, the names, compositions and manufacturers of
the materials used are presented in previous report of the
present study (27).

Following pulp capping, a resin modified glass ionomer
cement (RMGIC), (SDI, Riva Light Cure LC, Southern Dental
Industries, Bayswater, Australia) was mixed and placed ac-
cording to manufacturers’ instructions. Then, an etch&rinse
adhesive (Prime and Bond NT, Dentsply DeTrey, Konstanz,
Germany) was applied. The cavities were eventually restored
with composite resin (Gradia Direct Posterior, GC, Tokyo, Ja-
pan) using incremental layering technique. Composite fin-
ishing burs, discs and rubber cones were used for finishing
and polishing of the final restoration.

Data collection

Two calibrated and experienced researches other than
the operator were trained to ensure standardization of the

evaluating process at recalls. They collected the demo-
graphic and clinical data from the patients. Demographic
dataincluded age, gender and number of interfered teeth at
pre-treatment time, while clinical data were collected before
the intervention (baseline) and at 6- month, 1- year, 2- year,
3- year and 4- year follow ups, which included electric pulp
testing (Kerr Vitality Scanner 2006, SybronEndo, Orange, CA,
USA), thermal testing (air-water syringe) tactile tests (palpa-
tion and percussion), as well as the predictors of inflamma-
tion and self-reported patient history.

The treatment outcome was decided as “clinically success-
ful” when the following criteria were met: positive answer
to electric pulp testing, negative response to cold stimuli or
triggered but not lingering by air-water shrinkage, no gen-
eral pain, normal response to tactile tests or triggered pain
not lingering, absence of abscess, sinus tract and non-phys-
iological tooth mobility. In case of persistent severe pain,
negative response to electric pulp testing or triggered pain
by tactile or cold tests, the patient was referred for root ca-
nal treatment and the treatment outcome was considered
to be “clinically unsuccessful”. The presence of discoloration
reflecting from under the restoration also recorded.

Table 1. Description of the materials.

Material Composition Manufacturer

Dycal® Base paste: Dentsply/
1,3-Butylene glycol disalicylate, Zinc Caulk, Dentsply
oxide, Calciumphosphate, Calcium  International
tungstate, Iron oxide pigments Inc, Milford, DE,
Catalyst paste: USA
Calciumhydroxide, N-ethyl-o/p-
toluene sulfonamide, Zinc oxide,
Titanium dioxide, Zinc stearate,
Iron oxide pigments (dentine shade
only)

ProRoot®  Oxides: Lime(CaO), Silica(SiO,), Dentsply

MTA Aluminum oxide(Al,053), Ferric Tulsa Dental,
oxide(Fe,05), and Bismuth trioxide  Johnson City,
Tricalcium aluminate, Tetracalcium TN, USA
aluminoferrite, Tricalcium aluminate

Riva Light Compartment 1: Polyacrylic Acid, LC/Southern

Cure Tartaric Acid, Dental
2-Hydroxyethyl Methacrylate, Industries —
Dimethacrylate Cross-linker, Acidic ~ SDI, Bayswater,
Monomer Australia
Compartment 2:
Fluoroaluminosilicate glass powder

Prime and Diand Trimethacrylate resins, Dentsply

Bond NT  PENTA (dipentaerythritol penta Detrey,
acrylate monophosphate), Konstanz,
Nanofillers — Amorphous Silicon Germany
Dioxide, Photoinitiators, Stabilizers,
Cetylamine hydrofluoride, Acetone

Gradia Methacrylate monomers, Silica, GC, Tokyo,

Direct Fluoro-Alumino-Silicate Glass, Japan

Posterior  Prepolymerised filler, Pigments,

Catalysts
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Statistical analysis

IBM SPSS package version 19 (IBM, Armonk, NY,USA) was
used for statistical analysis. The data were analysed using de-
scriptive statistics including standard error, min. max. and mean
values. The Kaplan-Meier survival analysis was conducted to re-
veal the survival rate. The qualitative variables were compared
using Pearson chi-square, Fisher exact and logrank statistics
tests. P<0.05 was determined as statistically significant.

Results

The study population consisted of 47 women (64.4%) and
26 men (35.6%). The mean age was 20.65 * 3.02 for the cal-
cium hydroxide group and 21.18 + 3.85 years for the MTA
group. The most commonly recorded preoperative tooth
symptom was sensitivity to cold air. The patient character-
istics, tooth distribution and preoperative symptoms ob-
served are shown in Table 2. The recall rate was 72.1% at
4- year post-treatment. One patient at 24 months, 8- at 36
months, 5- at 48 months did not attend to follow up. At 48
months, out of 100 analysed treatments, 14 teeth were lost
to follow-up (6 Pertaining to MTA group, and 8 pertaining to
calcium hydroxide group) (Figure 1). At 4-year, 15 teeth were
treated endodontically due to the irreversible pulpitis (2- at

Assessed for eligibility Np=110, Nr= 152

included Np=73, Nr= 100

Excluded Np=37, Nr=52

[

|

Allocated to calcium hydroxide
group Nr=49

Allocated to MTA group Nr=51

6 months

Clinically successful (Nr=47)
Clinically unsuccessful (Nr=2)

Clinically successful (Nr=51)

T

12 months

Clinically successful (Nr=45)
Clinically unsuccessful (Nr=2)

Clinically successful (Nr=50)
Clinically unsuccessful (Nr=1)

24 months

Clinically successful (Nr=44)
Lost to follow up (Nr=1)

Clinically successful (Nr=49)
Clinically unsuccessful (Nr=1)

36 manths

Clinically successful (Nr=36)
Clinically unsuccessful (Nr=3)
Lost to follow up (Nr=5)

Clinically successful (Nr=43)
Clinically unsuccessful (Nr=3)
Lost to follow up (Nr=3)

48 manths

Clinically successful (Nr=33)
Clinically unsuccessful (Nr=1)
Lost to follow up (Nr=2)

Clinically successful (Nr=38)
Clinically unsuccessful (Nr=2)
Lost to follow up (Nr=3)

Np= number of patients

, Mr= number of restarations

Figure 1. Flow diagram.

Survival Functions

six months, 3- at 1 year, 1- at 2- year, 6- at 3- year, 3- at 4- Material
1.09
year) (Figure 1). The Kaplan-Meier function allowed the anal- —|—\ﬁ — M Dyal
. . . - iy - - 4+ dycal-censored
ysis of the cumulative survival rate of the pulp at 48 months. T i - MTA-censored
This function revealed that the survival rate 82.9% for calci- 0.8
um hydroxide and, 86% for MTA after 48 months. Survival
E 0.6+
Table 2. The patient characteristics, tooth distribution and g
preoperative symptoms. *Mineral trioxide aggregate E
3 0.4
Calcium hydroxide MTA*
N % N % 0.27]
Sex
Female 20 (27.4) 27 (37.0) ]
0 10 20 30 40 50
Male 14(19.2) 12(16.4) SURVIVE
Agerange Figure 2. Survival after indirect pulp capping by materials
18-20 23 (31.5) 24 (32.9) (Kaplan-Meier curves).
21-25 8(11.0) 9(12.3)
26-30 3(4.1) 6(8.2) Table 3. Distribution of symptoms at baseline, and 6, 12, 24, 36- and
48-months post-treatment. *Mineral trioxide aggregate
Tooth distribution
MTA* (n) Calcium hydroxide (n)
Premolar 23 (23.0) 15 (15.0)
Molar 26 (26.0) 36 (36.0) o s o s
o = 5 £ 2 = 5 £ E
Arch distribution S 1 - g S 2 I S
Upper 28(28.3) 23(23.2) v & v &
Lower 20 (20.2) 28 (28.3) Baseline 7 1 1 6 2 2 2
Preoperative symptoms 6- Mo 5 - - 2 2 - 1
Cold 17 (17.0) 24 (24.0) 1 year 3 = = 1 7 1 1 1
Heat 6 (6.0) 16 (16.0) 2-year 2 - - - 3 1 - -
Chewing 4(4.0) 7(7.0) 3- year - - - 1 = = - -
Percussion 10 (10.0) 16 (16.0) 4- year - - 1 - 1 - - 1
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graphic showed that, the treatment success rate decreased
over time (Figure 2). The longrank test showed no significant
difference between the groups regarding the maintenance
of pulp vitality at 4- year (p=0.613).

The majority of the teeth included in the study were mo-
lars (62%), whereas 38% were premolars (Table 2). No sig-
nificant relationship was found between upper and lower
arches (p =0.186) or premolar and molar teeth (p = 0.154) in
terms of treatment outcome.

None of the teeth showed neither newly developed nor
recurrent caries lesion. Only one tooth presented restoration
failure at 4- year and received restoration repair. Since the
tooth vitality was preserved, this tooth was not removed from
the follow-ups. During the 4-year follow-up periods, symp-
toms were continued to reduce in both groups (Table 3).

At 4-year 1 tooth was symptomatic during the chewing
in MTA group while 1-tooth were sensitive to cold-air and
1 tooth sensitive to percussion tests in calcium hydroxide
group. Sixty-three percent of the MTA treated teeth showed
grey discoloration.

Discussion

The null hypothesis was accepted as no difference was
found between the indirect pulp capping materials in terms
of success of the treatment outcome at 4- year follow-up pe-
riod. An ideal pulp-capping material must have the ability
to eliminate bacteria, to create an adequate seal and induce
mineralization and normal root development (28). At pres-
ent, despite their well-known drawbacks, calcium hydroxide
and MTA are the materials of choice for direct or indirect
pulp-capping treatments (28-33). Thus, these two materials
were investigated in this randomized controlled study.

Studies showed that, MTA is one of the most investigated
material as direct and indirect pulp-capping material (7,34-
36). In direct pulp-capping studies, MTA showed superior
results compared to calcium hydroxide (37-39). In histolog-
ic point of view, better results for MTA were reported com-
pared to calcium hydroxide in terms of osteogenic, odonto-
genic and angiogenic effects, and inflammatory pulpal cell
response (40,41). Besides, in a recently released review arti-
cle, it was reported that, MTA was found superior than cal-
cium hydroxide for maintaining pulp vitality in direct pulp
capping treatment at long-term (42). In terms of indirect
pulp-capping of permanent teeth, no statistically significant
difference between the materials were reported. The results
of the present study are in line with the current literature as
no significant differences were found between materials.

Marchi, et al. (43) conducted a 4- year follow-up study and
reported 88% success rate for calcium hydroxide after indi-
rect pulp-capping in primary teeth. The result of the current
study showed that calcium hydroxide and MTA survival rates
were 82.9% and 86%, respectively in human posterior teeth at
4-year follow-up period in parallel with the current literature.

Although, MTA has a series of positive properties, its ma-
jor disadvantage is an unsightly tooth-discoloration. Discol-
oration of the tooth after the MTA application can be very
important especially in anterior region (44). In the present
study 63% of the MTA group showed for grey discoloration,
which was in consistent with the current reports (45-47). It is
well known that to achieve a successful restoration at long-

term relies on durable marginal integrity of the restoration
(48). Leakage and bacterial migration from the restoration
interface can cause a series of problem such as post-opera-
tive hypersensitivity, secondary caries and eventually failure
of the restoration (49). In the present study building a well-
sealed restoration was the main goal at every stage of the
study. Therefore, less clinical symptoms and no secondary
caries development during the course of the study was not
surprising. Slight tooth sensitivity recorded in a few patients
might be related with the preoperative condition of the pulp.

One of the limitations of this study was that blinding at the
follow-ups. Some MTA treated cases showed grey discolor-
ation, which makes the blinding impossible. Another limita-
tion is study design. Present study planned as randomized
only since to find a patient having at least two deep dentin
caries lesions, meeting the inclusion criteria is very difficult.
This specific study group did not allow to conduct the study
in split-mouth study design. Thus, future studies must be de-
signed considering these limitations.

Conclusion

Indirect pulp-capping with MTA was found clinically more
successful than calcium hydroxide at 4- year post-treatment
in the treatment of deep caries lesions. However, discolor-
ation risk of MTA treated teeth must be taken into consid-
eration. Prospective clinical trials comparing different indi-
rect pulp capping materials in mid-term and long-term are
needed.

Tiirkce Ozet: indirekt pulpa kaplamasinda en etkili biyomateryal
hangisidir? 4 yillik karsilastirmali randomize bir klinik ¢calisma. Amag:
Bu ¢alismanin amaci, total clirlik ekskavasyonu sonrasi Mineral
Trioksit Agregat (MTA) ve kalsiyum hidroksit pulpa kaplamasinin klinik
sonuglarini karsilastirmaktir. Gere¢ ve Yéntem: Calismaya en az bir
derin ¢lirlik lezyonu olan 73 hasta (26 erkek; 47 kadin; ortalama yas
20,65+3,02) dahil edildi. Total ¢liriik ekskavasyonu sonrasi, MTA(n=51)
veya kalsiyum hidroksit (n=49) materyallerinden biri ile indirek pul-
pa kaplamasi ve takiben tek seansta rezin bazli bir kompozit ile daimi
restorasyon yapildi. Vitalite, soguk veya sicak uyaranlara duyarlilik,
perkiisyon testleri, ¢cigneme esnasinda rahatsizlik ve renk gibi klinik
parametreler 6 ay, 1 yil, 2 yil, 3 yil ve 4 yil kontrollerinde kaydedildi. Ver-
iler istatistiksel olarak analiz edildi (p < 0.05). Bulgular: 4 yilda agizda
kalma oranlan MTA i¢in %86 ve kalsiyum hidroksit icin %82.9 bulun-
du. Kalsiyum hidroksit grubundan 8, MTA grubundan 7 dise kék-kanal
tedavisi uygulandi. Pulpa vitalitesi acisindan gruplar arasinda anlamli
bir fark bulunmadi (p=0,613). MTA grubunda gri renklenme orani %63
bulundu. Sonug: 4 yilda, derin dentin ¢lirtigli lezyonlarinin tedavisinde
kullanilan MTA ve kalsiyum hidroksit materyalleri, pulpa vitalitesi
agisindan benzer klinik performans gostermistir. Anahtar kelimeler:
Mineral trioksit agregat, kalsiyum hidroksit, indirek pulpa kaplamasi,
total ¢liriik ekskavasyonu, randomize klinik ¢alisma.
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The effects of pediatric dentifrices with different types of
fluoride on the color change of restorative materials

Purpose
This study aimed to evaluate the effects of dentifrices with different fluoride content
on color change of restorative materials commonly used in pediatric dentistry.

Materials and Methods

Three restorative materials (glass hybrid [Equia Forte (EF)], glass carbomer [GCP Glass
Fill (GCP)] and compomer [Dyract XP (DXP)]) were used to prepare 120 disc shaped
specimens by using a Teflon ring. Four dentifrice groups were created as Sodium
Fluoride (NaF), Amine Fluoride (AmF), Stannous Fluoride (SnF,) and no-fluoride
(n=40). Simulated tooth brushing was performed for each specimen by applying
6720 strokes for 6 months. Color changes [CIEDE2000 (AE00)] were calculated by
using generalized linear model procedure and the data were subjected to two-way
analysis of variance.

Results

The highest color changes for NaF and AmF dentifrice groups were observed in the
GCP restorative material (p<0.05). The color changes of restorative materials tested
with SnF, dentifrice group were statistically different (p<0.05) in each restorative
material and AE values were observed as GCP> EF>DXP. SnF, dentifrice provided
better color stability for all restorative materials when compared to NaF and
AmF dentifrices; although, this was not statistically significant. GCP underwent
significant discoloration values when brushed with all types of dentifrices.

Conclusion

Although the glass carbomers caused significant color change, the compomers
seem to be more resistant to the color change when brushed with all types of
dentifrices. The fluoride content of dentifrices is crucial for the color change of
restorative materials.

Keywords: Pediatric dentifrices, fluorides, color change, discoloration, restorative
materials

Introduction

The concept of dental aesthetics is a crucial issue for children as well
as adults, since their beauty perception is affected by today's appear-
ance-oriented culture. Maintenance of dental and oral health with better
aesthetic appearance is also important for the physiological and psycho-
logical development of children (1). Various hybrid restorative materials
have been developed for aesthetic and restorative purposes in pediatric
dentistry including polyacid-modified composite resins (compomers),
resin modified glass ionomer cements (RMGICs) and glass carbomer ce-
ment (GCP) to combine the superior properties of conventional glass ion-
omer cements with aesthetic advantages of composites (2). Among these
restorative materials, compomers and RMGIs are widely used for resto-
rations in pediatric dentistry due to advantageous features like fluoride
release and adhesion ability (3). To improve the mechanical properties of
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these restorative materials, most recently glass carbomers
were developed as a restorative material containing a polyd-
ialkylsiloxane component and nanofluoride hydroxyapatite
particles (4).

For the success of all restorative materials, the most im-
portant criterion is the color stability after long term use.
Discoloration of restorative materials can be caused by var-
ious factors as intrinsic and/or extrinsic factors (2). Intrinsic
discoloration comprises staining of the restorative material
itself due to the matrix type, polymer quality, amount of
inorganic filler and the type of accelerator. Extrinsic discol-
oration arises from water absorption, water-soluble colo-
rants adsorption, insufficient polymerization or poor oral
hygiene (5). Deficient oral hygiene accelerates discoloration,
since it causes accumulation of stained pellicle and colored
residues. Tooth-brushing with dentifrices is widely used in
home dental care to provide healthy oral hygiene. Today,
there are many commercial dentifrices on the market each
with a special function. Fluorides, considered the gold stan-
dard for control and prevention of caries, have been added
in dentifrices as an active ingredient in general (6).

Dentifrices have been produced with various fluoride con-
tents such as amine fluoride (AmF), stannous fluoride (SnF,),
sodium fluoride (NaF) and sodium monofluorophosphate
(SMFP) (7). Although the effects of various dentifrices with dif-
ferent fluoride formulations on the surface roughness of teeth
and restorative materials or the effects of dentifrices on re-
moval of tooth staining have been evaluated in several stud-
ies, the number of studies investigating the color change of
restorative materials caused by the dentifrices themselves is
insufficient (3,6, 8-13).In the present study, the following null
hypotheses; 1) color change is not affected by the restorative
material type, 2) there are no difference in the color stability of
restorative materials after being exposed to dentifrices with
different types of fluoride content were tested.

Materials and Methods

Table 1 presents the characteristics of the materials evaluated
in this study. In Table 2, the pediatric dentifrices with different
fluoride content employed in the current study are presented.

Specimen preparation

120 specimens (8 mm in diameter X 2 mm thick) were
prepared by using a Teflon ring (n = 40). The Teflon ring was
covered with a strip of cellulose acetate matrix and held be-
tween two 1T mm thick glass slides to eliminate air entrap-
ment and voids. A2 color was used in all materials to ensure
standardization. The specimens were randomly divided into
four dentifrices groups (n=10). G*Power software program
(version 3.1.9.2; power 0.95, a = 0.05, 3 = 0.05) was used
to calculate the minimum sample size (10 specimens per
group, n=10), based on a previous study in the literature (5).

Polymerization protocol

Polymerization of DXP specimens was carried out by using
a light-emitting diode (LED) polymerization light (Elipar Free
light 2, 1,200 mW/cm2, 3M ESPE, Ireland) for 20 seconds to
each surface, with the tip of the light on the glass slide for 40

seconds. EF restorative material was applied to each capsule
with a 10-second mixer, molded with a carrier, and left at
room temperature for 5 minutes to complete the hardening.
According with the manufacturer’s recommendation, the
EF coating was applied to the surface of the specimens and
cured for 20 seconds using the LED unit. GCP restorative ma-
terial was applied to each capsule for 15 seconds with a mix-
er, molded with a carrier, and the GCP Gloss surface coating
was applied following the manufacturer’s guide. Curing was
performed with GCP CarboLED (1,400 mW/cm2 (max 60° C),
GCP-Dental, ElImshorn, Germany) for 90 seconds.

Polishing and storage conditions

After polymerization, aluminum oxide discs (Sof-Lex, 3M
ESPE, St. Paul, MN, USA) were used to polish each specimen
sequentially with an electric hand piece, at 15,000 rpm. All
specimens were numbered to identify each one and pre-
served in distilled water at 37° C for 24 hours.

Color change measurement and brushing cycles

The specimens were lightly rinsed and dried with tissue
paper, before performing color measurement. After calibra-
tion of the clinical spectrophotometer (Vita EasyShade Ad-
vance 4.0, Ivoclar Vivadent, Liechtenstein), the color of each
specimen was measured with the CIEDE2000 color system
relative to D65 standard illumination against a standard
white background. All measurements were repeated three
times for each specimen and the mean value was calculated.

A tooth brushing simulator (Willytec, Munich, Germany)
was used to mimic tooth brushing procedure. An electron-
ic toothbrush (Oral-B Junior Kids, Procter & Gamble, USA)
and soft toothbrush heads (Oral-B Sensi Ultra-thin, Procter
& Gamble, USA) were used by fixing on a holder. Each spec-
imen was fixed on the sample holder with a standardized
force of 2 N (14). Each dentifrice was diluted in distilled water
in a proportion of 1:1 by weight to mimic the oral environ-
ment during tooth brushing. Considering that tooth brush-
ing is performed twice a day, this means that each specimen
will be submitted to 40 strokes in a two-minute tooth brush-
ing, resulting total 6720 strokes (1120 strokes in a month)
for 6 months. After each 1200 strokes, tooth brushes and
dentifrices were renewed and this procedure was repeat-
ed for each dentifrice group (15). Specimens were removed
from the sample holders, cleaned for 1 minute with an air/
water spray and they were wiped with tissue paper for the
final measurement. Previous studies that used water as the
control group have shown that water caused no visible color
change; therefore, dentifrice with no fluoride content was
used instead as the control group in this study (16).

Measurement of each specimen was performed three
times (L*, c*, h*) with the measuring head of the spectro-
photometer in accordance with the CIEDE2000 (AE ) sys-
tem. AE, was calculated using the following formula (17)
depicted in Figure 1:

= (2L “1(£ ﬂ(a_H’ o (A2 (2
AV Kese KiSn "\Kese ) \KnSn

Figure 1. Formula used in the present study.
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Evaluation of color differences was carried out ultimately
via comparison with 50:50% perceptibility (PT) and 50:50%
acceptability (AT) thresholds. The PT (0.81 units) and AT (1.77
units) values for CIEDE2000 (1:1:1) were obtained from a
study published recently (18).

Scanning electron microscope (SEM)

After completing final measurement, randomly four spec-
imens were selected from each group to evaluate the mi-
cro-morphology of the restorative materials by using SEM.
1,000, 2,000 and 6,000x magnifications were used to pho-
tograph the most representative areas with an accelerating
voltage of 20 kV while scanning the entire surfaces.

Statistical analysis

For each variable descriptive statistics were calculated and
shown as “Mean = standard deviation (SD). Two-way ANOVA
(analysis of variance) with generalized linear model procedure
was used. The model included “Dentifrice’, “Restorative Mate-
rial” as the main effects with their two-way interaction term
(Dentifrice*Restorative Material). Simple effect analysis with
Bonferroni adjustment was used to break down the signifi-
cant interaction effect term as post hoc analysis. A probability
value of less than 0.05 was considered significant. SPSS 14.01
(SPSS Inc. Chicago, IL, USA) was used for statistical analysis.

Results

The mean color change (AE o) and standard deviation val-
ues of all restorative materials exposed to simulated tooth
brushing with four dentifrices are showed in Table 3. Statisti-
cally significant differences were indicated with superscript
letters in the Table 3. The highest color change for the Brand
A and B dentifrice groups was observed in GCP restorative
material and this was statistically significant (p<0.05). The
color change for the Brand C dentifrice group was statisti-
cally different in each restorative material and AE values
were observed as GCP>EF>DXP (p<0.05). For the Brand D
dentifrice group, the lowest color change was observed in
the DXP material which was statistically significant (p<0.05).

No significant differences were found in AEq, values of
DXP restorative material brushed with different dentifrices.
For EF restorative material, the highest color change was ob-
served in the Brand D dentifrice group (p < 0.05). The high-
est color change of GCP restorative material was observed

in the Brand B dentifrice group and the lowest color change
was seen in the Brand D dentifrice group (p < 0.05).
Evaluating the data of color change for DXP brushed with
different dentifrices, it was determined that the AE, values
were lower than 1.8 (50:50% acceptability threshold value
for CIEDE2000 (1:1:1) according to a recent study (18). The
EF and GCP did not yield clinically acceptable AEgy values in

AEY Restorative
80 Material
Soxe
Mer
Secr

Brand A Brand B Brand C Brand D

Dentifrice
Figure 2. Color changes of the restorative materials with the
dentifrices.

Figure 1. SEM images of restorative materials after simulated
tooth brushing. * a= DXP/Brand A, b=DXP/Brand B, c=DXP/
Brand C, d=DXP/Brand D; e=EF/Brand A, f=EF/Brand B, g=EF/
Brand C, h= EF/Brand D; i=GCP/Brand A, j=GCP/Brand B,
k=GCP/Brand C, I= GCP/Brand D.

Table 1. The restorative materials used in the study and their compositions.

Restorative material Code Type Material composition Manufacturer
Dyract XP DXP Poly acid-modified =~ UDMA, TEGDMA, TCB, Strontium-alumino-sodium- Dentsply, DeTrey,
composite fluorophosphor-silicate glass SrF2, SiO2 fillers, Konstanz,
resin (Compomer) Filler: 73% (wt),47% (vol), 0.8 um Germany
EQUIA Forte EF Glass Hybrid Fluoro-alumino-silicate glass, Polyacrylic acid GC, Tokyo, Japan
powder,
Pigment, Polyacrylic acid, Distilled water, Polybasic
carboxylic acid
GCP Glass Fill GCP Glass carbomer Fluoroaluminosilicate glass > 90% GCP Dental,
Apatitie < 6% Ridderkerk,
Polyacids < 4% Netherlands
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Table 2. The dentifrices and their components.

Dentifrices Code

Main components

Producer

Sensodyne Pronamel Brand A

Aqua, Sorbitol, Hydrated Silica, Glycerin, PEG-
Kids 6, Cocamidopropyl Betaine, Xanthan Gum,

GlaxoSmithKline,
Brentford, UK

Aroma, Sodium Fluoride, Sodium Saccharin,
Sucralose, Titanium Dioxide, Sodium Hydroxide,
Limonene, Contains: Sodium Fluoride 0.315%
w/w (1450 ppm Fluoride)

Elmex Junior Brand B

Water, sorbitol, hydrated silica, hydroxyethyl
cellulose, titanium dioxides, cocamidopropyl

GABA International AG,
Therwil, Switzerland

betaines, olafluor, flavor, limonene, sodium
saccharin, hydrochloride acid (1450 ppm
Amine Fluoride)

Enamelon Brand C

Acesulfame K, calcium/sodium maleate
methyl vinyl ether copolymer, calcium sulfate,

Premier Dental Products
Company, PA, USA

cocamidopropyl betaine, dimethicone, flavors,
glycerin, lauroyl-sarcosine, monosodium
phosphate, poloxamer 407, polyethylene glycol,
silica, sucralose 0.45% Stannous Fluoride
(1150 ppm F)

JackNJill Brand D

Xylitol, Purified Water, Glycerin (Coconut
derived), Silica, Organic Strawberry Flavor

JNJ Operations,
Melbourne, Australia

(Fragaria Chiloensis), Xanthan Gum, Organic
Calendula Officinalis Extract, Potassium Sorbate
(Naturally derived) , Citric Acid.

Table 3. The mean and standard deviations of AE y, values. *® Values in the same column with different superscripts show the statistical

difference (p<0.05) 8¢ Values in the same row with different superscripts show the statistical difference (p<0.05).

Restorative Material p-Value
DXP EF GCP
Dentifrice Material Dentifrice*Material

Dentifrice MeantSD MeantSD MeantSD

Brand A 1.437+0.56*8 2.302+0.89°8 4,98+1.48°A

Brand B 1.758+0.73 28 2.07+1.018 6.752+0.22*A

<0.001 <0.001 <0.001
Brand C 0.981+0.66*¢ 2.07+1.16P8 4,5+0.35%A
Brand D 1.793+0.48%® 3.433+0.77%A 3.055+0.88 <A

any dentifrice group. AEy values of three restorative mate-
rials brushed with four dentifrices are presented in Figure 2.

The SEM images (2,000 x magnifications) of the DXP, EF
and GCP after simulated tooth brushing with different flu-
oride content dentifrices were presented in Figure 3. Simi-
lar surface features were observed with SEM analysis for
the GCP and EF groups. However, the DXP group exhibited
smoother surface than the other groups.

Discussion

Main objective of this study was to evaluate the effects of
dentifrices with different fluoride content on color change of
restorative materials commonly used in pediatric dentistry.
As the results of our study, the first null hypothesis was re-
jected due to the obtaining significant differences between
the color changes of restorative materials after brushing
with different dentifrices. There were significant differences
in AE values of restorative materials after being exposed
to dentifrices with different types of fluoride content; there-
fore, the second null hypothesis was rejected.

Studies generally focused on the color change caused by
fluoride gels, mouthwashes and beverages (3, 19-23). While
some studies have found that there was no differences of
color change between the mouthwashes and distilled wa-
ter, other studies stated that the low pH of active preventive
ingredients such as fluoride in the mouthwashes may affect
the color stability (19, 20, 23, 24). It has been reported that
fluoride varnish application negatively affects the color sta-
bility of restorative materials (25). Fatima et al. (26) stated
that APF gel application on the GIC and RMGIC materials
resulted in significant color change. While there are many
studies investigating the color change caused by fluoride
containing mouthwashes and local fluoride applications,
the number of studies examining the color change caused
by dentifrices with different fluoride formulation is very lim-
ited (1, 19, 24-27).

SnF, dentifrices have been implicated in surface staining
because of incomplete SnF, stabilization ion or lack of robust
cleaning ingredients (28). Liet al. (29) reported that SnF, stabi-
lized with zinc phosphate did not induce staining and these
dentifrices were very effective in stain removal of surfaces. Ger-
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lach et al. (30) stated that the stabilized SnF,/sodium hexam-
etaphosphate dentifrices reduce the development of stain. In
the present study, stabilized SnF,, dentifrice did not cause more
staining than the other dentifrices which is in agreement with
the previous studies (29, 30). This may be explained with using
stabilized SnF, dentifrice which provides some benefits with-
out historical stannous objectionable staining.

Conforti et al. (27) found that a new dentifrice contain-
ing 5.0% potassium nitrate and 0.454% SnF, in a silica base
did not cause more extrinsic dental staining than the com-
mercially available dentifrices containing NaF. However, Ar-
topoulou et al. (31) reported that the porcelain specimens
that were exposed NaF showed less surface deterioration
and discoloration than those were exposed SnF,. In our
study, we observed that SnF, dentifrice caused less color
change than NaF dentifrice; however, this difference was not
statistically significant.

Clinical researches have investigated the effects of dentifric-
es and mouth rinses containing AmF and SnF, on the dental
plaque reduction and compared the effects of the experi-
mental AmF/SnF, fluoride mouth rinses on staining (8, 32-34).
West et al. (34) reported that all experimental AmF/SnF,rinses
caused more tooth staining than placebo with an overall pat-
tern. In this study, AmF containing dentifrice caused signifi-
cantly high discoloration on GCP restorative material than the
other dentifrices. Since there is no study evaluating the color
change caused by AmF containing dentifrice, it is not possible
to make a comparison with our results.

It has been reported that tooth brushing associated with
the use of dentifrices influences the optical features and sur-
face roughness of restorative materials (15). Pires De Souzaet
al. (35) stated that since the staining susceptibility of resins is
material-dependent, stains removal ability of dentifrice was
not affected by the abrasives in the dentifrice. However, the
results of a previous study indicated that only the dentifrices
containing SnF, and cetylpyridinium chloride caused signifi-
cant color changes for both composite materials and natural
teeth (36). We found that the dentifrices used in this study
caused different color changes in DXP, EF and GCP restor-
ative materials which may be explained with the possible
staining effects of the ingredients in these dentifrices.

The most common color difference system in dentistry is
CIELAB, but a new color formula as CIEDE2000 (AE), that
utilizes the concepts of chroma and hue, reinforcing the im-
portance of the original concepts proposed by Munsell (37),
has been recommended since 2001. This formula was accept-
ed as the standard to detect color differences in 2013. Since
the number of parameters used in this formula was increased,
calculations became more complicated than the CIELAB for-
mula. Color perception varies with different brightness levels
according to backgrounds; this change in color perception
was incorporated into the formula. Although CIELAB formula
measured the distance between two points in the space ba-
sically, the addition of SL to the formula of CIE2000 had the
effect of including brightness in the calculation and offers ad-
vantages by implying better clinical relevance (38). In the view
of above; AEy was chosen to investigate the color change of
dental restorative materials for this study.

Detection of color change is based on the noticeable
changes in the color values of an object and the amount of
color change affecting the aesthetic appearance (39). The

extent of differences are defined as Perceptibility threshold
(PT) and acceptability threshold (AT) as a control to evaluate
the success rate of restorative materials and to interpret visu-
al and instrumental data (18). A color change value that can
be visually perceived by 50% of the observers is described
as 50:50% PT and the clinically acceptable color change val-
ue for 50% of observers is described as 50:50% AT (18, 39).
Therefore, color difference at or below the AT is an accept-
able match in dentistry. CIEDE2000 reported 50:50% AT as
1.8 AEyg which means that AE(y >1.8 values are considered
clinically unacceptable (18). Our study found that AE, val-
ues were lower than 1.8 for only DXP among all restorative
materials. This may be explained with that the more regular
surface and the small particle size of DXP than the other re-
storative materials.

Compomer showed less color changes as compare to oth-
er groups. Greater color stability of DXP may be explained
with the material’s composition, as it includes hydrophilic
resins, such asurethanedimethacrylate (UDMA), triethylene
glycol dimethacrylate (TEGDMA) and carboxyl groups. The
filler and resin particles amount affect the color resistance
of restorative materials (23). Khokhar et al. (40) stated that
urethane dimethacrylate (UDMA) content in resin matrix of
materials showed lower color change than the materials
with other types of dimethacrylate. The high color stability
of the DXP in this study may be explained by UDMA content
of the resin matrix.

In the literature, some studies have been reported that
GICs are more resistant to staining because of their hydro-
philic content (3, 41, 42). However, it has been stated that
GICs lack color stability and stain resistance due to the deg-
radation of metal polyacrylate salts (2, 21, 23). Ulusoy et al.
(23) reported that RMGIs showed more aesthetically diver-
gent results following the use of mouthwashes. Similarly,
GCP and EF restorative materials with more glass ionomer
content showed higher color change with the different pe-
diatric dentifrices in this study. This may be explained with
the large particle size of materials containing glass ionomer.

The color stability of restorative materials is also depended
onits surface features. Increased surface roughness of restor-
ative material causes water absorption through the polymer
chains, influences the bonds between the matrix and filler
particles resulting more staining (2, 22). In this study, signifi-
cantly higher color change in GCP may be explained with its
irregular surface. The irregular surface features of GCP were
seen in the SEM images, as well. Besides, some cracks were
observed in the SEM image of the GCP group (Figure 3). The
discoloration process may be affected by these cracks.

In this study, all dentifrices were diluted in distilled water to
mimic the oral environment during simulated tooth brush-
ing. Normally, this dilution occurs in saliva which includes
the enzymes, specific proteins, and ions that may decrease
the effect of toothbrush abrasiveness on the specimens that
may change the color stability of dental materials. Certain
kind of food and beverages consumption may also cause
discoloration of restorative materials in the oral environ-
ment. Limitations of this study include the possible effects
of different diet and oral hygiene habits on color change of
restorative materials. Considering that our results are valid
for in vitro conditions, we believe that in vivo studies will re-
veal more comprehensive information.
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Conclusion

Glass carbomers caused significant color change when
brushed with all types of dentifrices. Compomers seem to
be more resistant to the color change for all dentifrices used
in this study. The fluoride content of dentifrices is important
for the color change of restorative materials. Stannous fluo-
ride containing dentifrice provided better color stability for
all restorative materials when compared to sodium fluoride
and amine fluoride containing dentifrices.

Tiirkce Ozet: Farkli floriir icerigine sahip cocuk dis macun-
larinin restoratif materyallerin renk degisimi (zerine etkisi.
Amacg: Bu calismada, farkh flor icerikli dis macunlarinin pedi-
atrik dis hekimliginde yaygin olarak kullanilan restoratif ma-
teryallerin renk degisimi lizerindeki etkilerinin degerlendirilme-
si amaclandi. Gereg ve yontem: Disk seklinde toplam 120 adet
6rnek hazirlamak igin (g restoratif materyal (cam hibrit [Equia
Forte (EF)], cam karbomer [GCP Glass Fill (GCP)] ve kompomer
[Dyract XP (DXP)]) kullanildi. Sodyum Flortir (NaF), Amin Flortir
(AmF), Kalay Flortir (SnF ) ve flortirstiz (n = 40) olmak lizere dort
dis macunu grubu olusturuldu. Her 6rnek icin toplam 6720 firca
darbesi uygulanarak dis fircalama simiilasyonu gerceklestirildi.
Renk degisim degerleri CIEDE2000 (AE o) renk sistemine gére
hesaplandi ve veriler ¢ift yénlii varyans analizine tabi tutuldu.
Bulgular: NaF ve AmF dis macunu gruplari icin en yliksek renk
degisim degeri GCP restoratif materyalinde gézlendi (p <0.05).
SnF2 dis macunu grubu ile test edilen restoratif materyallerin
renk degisim degerleri istatistiksel olarak birbirinden farkliydi
(p <0.05) ve AE ;o degerleri GCP> EF> DXP olarak gézlendi. SnF,
dis macunu, NaF ve AmF dis macunlarina kiyasla tiim restoratif
materyallerde daha az renk degisimine neden oldu; ancak bu
istatistiksel olarak anlamli dedildi. Tiim dis macunu gruplarin-
da GCP en yiiksek renk degisim degerleri gdsterdi. Sonug¢: Tim
dis macunu gruplarinda, cam karbomerler 6nemli renk degisi-
mine neden olurken, kompomerlerin renk degisimine karsi
daha direngli gériildii. Dis macunlarinin florid icerigi restoratif
materyallerin renk dedisimi icin énemlidir. Anahtar Kelimeler:
Cocuk dis macunlari, floriirler, renk degisimi, renklenme, restor-
ative materyaller.
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Micro-computed tomography assessment of triple antibiotic
paste removal using different irrigation methods

Purpose
The study aimed to compare four irrigation methods for triple antibiotic paste (TAP)
removal using micro-computed tomography (micro-CT) analysis.

Materials and Methods

Forty bovine central incisor teeth were selected, and the root canals were prepared
up to #6 Peeso reamer drills. Equal portions of metronidazole, ciprofloxacin, and
minocycline were used for the TAP preparation. The TAP was prepared by mixing
the powder with distilled water (with a powder to liquid ratio of 1 mg/1 mL). The
TAP was introduced to the canals with a lentulo spiral; then, the access cavities were
temporarily sealed. After 21 days of storage, the teeth were randomly divided into
four equal groups according to irrigation techniques: open-ended, side-vented,
double side-vented needle irrigations and EndoActivator irrigation device. The TAP
was removed using 17% EDTA (20 mL) and distilled water (5 mL) for all of the groups.
The volume of the intracanal medicament before and after the irrigation procedure
was recorded by scanning the samples with micro-CT, and the TAP percentage
was calculated. The percentages obtained from each group were compared using
ANOVA. The significance level was set at p<0.05.

Results
The results showed that there was no statistically significant difference among the
TAP percentage volumes removed by the different irrigation techniques.

Conclusion
The irrigation techniques used in this study showed similar TAP removal efficiency,
however, they could not completely remove the TAP from the root canal systems.

Keywords: Endoactivator, irrigation, regenerative endodontic treatment, side-vented
irrigation needle, triple antibiotic paste

Introduction

The immature teeth are at risk for pulp necrosis due to trauma, dental
anomalies or caries; which leads the cessation of the root formation (1, 2).
Regenerative endodontic treatment is an essentially recommended treat-
ment approach for the reconstruction of a functional pulp-dentin complex
in necrotic immature permanent teeth (1). This treatment approach con-
sists of several stages including the disinfection of the root canal system,
bleeding and the formation of an intracanal blood clot, and coronal sealing
(3, 4). This treatment is basically conducted by disinfecting the root canal
system, promoting the stem cells of the apical papilla to generate in further
root development, and eliminating the signs and symptoms of infection
(5). These outcomes are affected by the adequate elimination of microor-
ganisms from the root canal space (6). The disinfecting procedure is accom-
plished after chemical debridement with minimal or no mechanical prepa-
ration, and the root canals are disinfected by using a medicament (7).

Esma Saricam' ©,

Selen Ince Yusufoglu' @,
Meltem Kucuk? ©,
Ferhat Geneci®

Mert Ocak* ©,

H. Hamdi Celik®

ORCID IDs of the authors: E.S. 0000-0001-7701-4214;
S.1Y. 0000-0002-7826-6023; M.K. 0000-0001-5073-4289;
F.G. 0000-0002-5039-4664; M.O. 0000-0001-6832-6208;
H.H.C. 0000-0002-7909-7604

'Department of Endodontics, Faculty of Dentistry, Ankara
Yildirim Beyazit University, Ankara, Turkey

2Department of Endodontics, Faculty of Dentistry, Near East
University, Mersin, Turkey

3Department of Anatomy, Faculty of Medicine, Ankara
Yildirim Beyazit University, Ankara, Turkey

“Vocational School of Health, Ankara University,
Ankara, Turkey

*Department of Anatomy, Faculty of Medicine, Hacettepe
University, Ankara, Turkey

Corresponding Author: Esma Saricam
E-mail: dt.esmasaricam@gmail.com

Received: 8 February 2021
Revised: 24 June 2021
Accepted: 16 October 2021

DOI: 10.26650/e0r.2022200002

How to cite: Saricam E, Yusufoglu SI, Kucuk M, Geneci F, Ocak M, Celik HH. Micro-computed
tomography assessment of triple antibiotic paste removal using different irrigation methods. Eur
Oral Res 2022; 56(1): 49-54.

a oNole
BY NC

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


https://orcid.org/0000-0001-7701-4214

https://orcid.org/0000-0002-7826-6023

https://orcid.org/0000-0001-5073-4289

https://orcid.org/0000-0002-5039-4664

https://orcid.org/0000-0001-6832-6208

https://orcid.org/0000-0002-7909-7604


50

Saricam E, et al.

Triple antibiotic paste (TAP), which is a 1:1:1 mixture of
metronidazole, minocycline, and ciprofloxacin, is a com-
monly used medicament for regenerative endodontic pro-
tocols because of its antimicrobial efficacy (8). However, it
has some drawbacks because it is difficult to totally remove
the medicament from the root canals and it promotes tooth
discoloration (1, 9, 10). Residual TAP may have adverse ef-
fects on the adhesion and penetration of the barrier mate-
rials to the root canal dentin (11). Moreover, the presence
of residual TAP can also negatively impact the survival of
the stem cells of the dental apical papilla (7, 11). In order to
eliminate these negative properties, TAP should be totally
removed from the root canals.

Conventional irrigation with syringes is an irrigation meth-
od that is widely accepted by both general practitioners and
endodontists, although several irrigants and sonic/ultrason-
ic activation techniques have been introduced (12, 13). Man-
ufacturers have designed different types of needles to make
syringe irrigation more efficient, such as side-vented (SV)
and double side-vented needles (DSV) (14-16). A sonic-driv-
en irrigation solution activation system, called the EndoActi-
vator (EA) (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA),
was manufactured to produce vigorous fluid agitation in the
root canals by using flexible, plastic, and non-cutting tips of
various sizes (17). It has been shown that EA has a superior
irrigation efficacy when compared to conventional needle
irrigation (18).

In order to eliminate the negative properties of residual
TAP, as stated above, it should be totally removed from the
root canals. Although irrigation techniques andirrigant types
are essential for the removal of the medicament, minimal or
no instrumentation has been advised for regenerative pro-
cedures (3). Therefore, this study was designed to determine
the optimal irrigation technique for the removal of TAP from
the root canal system by evaluating the remaining TAP using
a micro-computed tomography (micro-CT) system. The null
hypothesis was that the removal of the TAP was not related
to the irrigation technique, including open-ended (OE) nee-
dles, SV needles, DSV needles, and the EA.

Materials and Methods
Sample selection and root canal preparation

Forty bovine central incisor teeth were selected and sec-
tioned horizontally to standardize the root lengths at 17
mm. The working length was established at 16 mm. The root
canals were instrumented with using hand instrumentation
technique up to the #80 K- file, and they were prepared with
#1-6 Peeso reamer drills. At each instrument change, 2 mL of
1.5% sodium hypochlorite (NaOCl) was used for irrigation.
After finishing the instrumentation protocol, 20 mL of 1.5%
NaOCI (5 min), 5 mL of distilled water, and 20 mL of 17% eth-
ylenediaminetetraacetic (EDTA) (5 min) were applied to the
root canals. Then, the root canals were dried using paper
points (Dentsply Maillefer, Ballaigues, Switzerland). Equal
portions of metronidazole (Eczacibasi, Istanbul, Turkey), cip-
rofloxacin (Biofarma, Istanbul, Turkey), and minocycline (Ra-
tiopharm, Ulm, Germany) were used for the TAP preparation.
The medicament was prepared by mixing the powder with
distilled water (with a powder to liquid ratio of 1 mg/1 mL)

and it was introduced into the root canals with a Lentulo spi-
ral at 900 rpm until the medicament extrusion was visible at
the apical foramen. The apical portions of the canals were
sealed with a flowable composite resin, and the access cavi-
ties were temporarily sealed (Cavit G; 3M ESPE, Seefeld, Ger-
many). The teeth were stored at 37 °C and 100% humidity.

Medicament removal

The teeth were randomly assigned to one of four groups.
After 21 days of storage, the intracanal medicaments were
removed via irrigation with 17% EDTA (20 mL, 4 min) and
distilled water (5 mL, 1 min) as follows: OE needle irrigation:
A 27 G beveled OE dental irrigation needle (Ayset, Adana,
Turkey) was used for the irrigation procedure. SV needle ir-
rigation: A 30 G SV irrigation needle (Max-i-Probe; Dentsply
Maillefer, OK, USA) was used for irrigation procedure. DSV
needle irrigation: A 30 G DSV needle (i-Tips; i dental, Siauliai,
Lithuania) was used for the irrigation procedure. EA irriga-
tion: A 2.5 mL of the irrigation solution was flushed into the
canal by using a 27 G needle and it was activated with the
red tip of the EA (25/.04) at 10,000 cycles/min. After every
2.5 mL of irrigation, the irrigant was activated for 30 seconds.

The tips/needles were moved with an up and down mo-
tion in all of the groups. The maximum depth of the tips/
needles was positioned at 2 mm short of the apical foramen.
During the irrigation procedures, each canal was flushed
with a 2.5 mL of irrigant for a total of 30 seconds. Therefore,
20 mL of EDTA solution was applied in 4 min, and 5 mL of dis-
tilled water was applied in 1 min. The same amount of irrig-
ant and the same irrigation time were applied to every root.

Micro-computed tomography evaluation

For the volumetric analysis of the filling materials, the
teeth were scanned using micro-CT (SkyScan 1174; Bruker
micro-CT, Kontich, Belgium) before and after the irrigation
protocols were performed with the following scanning con-
ditions: 50 kVp, 800 YA, a pixel size of 33 um, a beam hard-
ening correction of 30%, a smoothing of 2 and a ring artifact
correction of 6. The scanning was performed with a 180° ro-
tation around the vertical axis, a camera exposure time of
2.700 ms, a rotation step of 0.4°, and a frame averaging of 3.
Flat field corrections and geometric corrections for random
movement were performed in all of the scans. The scanning
procedure took approximately 1 h per sample.

The three-dimensional reconstruction data was obtained
by using NRecon reconstruction software (version 1.6.9.4;
Bruker micro-CT). Serial section images obtained with
NRecon software were opened in CTAn program (version
1.17.7.2; Bruker micro-CT) for the calculation of TAP vol-
ume. The region of interest (ROI) area was determined to
measure the TAP volume. Care was taken to position the
ROI between the root canal wall and the tooth surface. This
situation has been checked for all sections. Dental tissue
and TAP were clarified by adjusting the upper and lower
values from the histogram section in the CTAn software.
The area included for the measurement of the TAP volume
(TAP volume = volume of interest-VOI) was shown with the
red colour. The green and black coloured areas in the fig-
ure are not included in the measurement. These settings
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were applied for all sections by selecting the from dataset
option. The CTAn software provided the TAP area. No meth-
odological modifications were applied. A 3D model of TAP
was created with the Create 3D model option. In order to
create a 3D model of the tooth with TAP, the ROI area was
determined again with the same sections. The ROl was posi-
tioned outside of the tooth surface. All measurements were
performed with these settings. Only the tooth tissue was
included in the VOI by adjusting the upper and lower values
from the histogram section in the CTAn software. This could
be made by the difference in radiopacity between the tooth
and TAP. The green and black areas in the figure were not
included in the measurement, the red area was included
in the measurement (VOI = tooth volume). These settings
were applied for all sections by selecting the from dataset
option. A 3D model of tooth was created with the Create
3D model option. All of the created 3D files were opened
using the CTVol software (version 3.3.0; Bruker micro-CT).
The three-dimensional visualization and qualitative evalu-
ation of the TAP were performed using CTVol software. TAP
was coloured to make it more distinct and the tooth was
made more transparent to provide TAP to be seen in the
tooth (Figure 1 A-B). TAP volume image was fitted into the
tooth model. All these procedures were performed using
opacity and colors settings in the objects menu of CTVol.
The examination of the images was performed by a blind-
ed observer. The volume of the TAP before and after the ir-
rigation procedure was recorded, and the TAP percentage

EndoActivator

Open-ended

was calculated (Figure 1 A-B). The horizontal sections of the
teeth were obtained using DataViewer software. Black and
white images were available as raw data obtained from the
scanning (Figure 1 C-E). To ease the TAP detection, the black
and white raw images were colourized in the DataViewer
program (Figure 1- D-F). DataViewer created this color dif-
ference owing to the radiopacity difference.

Statistical analysis

The Shapiro-Wilk test was used to evaluate the assump-
tion of normality. The pre-operative TAP volume for the
groups showed a non-normal distribution (p < 0.05). The
percentage volumes of the remnant TAP for each irrigation
technique were normally distributed. The pre-operative TAP
volumes of the groups were compared with Kruskal-Wallis
test. The percentages obtained from each group were com-
pared using ANOVA. The significance level was set at P < 0.05
(IBM SPSS Statistics for Windows, Version 22.0; IBM Corp., Ar-
monk, NY, USA).

Results

There was no statistically significant difference among the
techniques in the TAP residue percentages.The statistical re-
sults and the volumes of the intracanal medicament before
and after the irrigation procedure are shown in Table 1. The
3D and 2D images taken before and after removal of TAP for

Side-vented Double side-vented

Figure 1. Images obtained with different observational methods. 3D images observed (A) before, and (B) after TAP removal. (C) Black and white, (D)
coloured cross-sectional 2D images taken before TAP removal. (E) Black and white, (F) coloured cross-sectional 2D images taken after TAP removal.

Table 1. TAP volumes before and after removing procedures, and comparison of residual TAP percentages for groups (ANOVA)

TAP volume before removal (mm?) TAP volume after removal (mm3) TAP percentage (%)
Groups Mean-Median Min-Max Mean-Median Min-Max Meanz=sd g
OE 58.46-53.68 27.34-106.21 9.11-9.01 6.76-12.69 7.05+1.16
SV 65.82-62.93 19.02-164.85 7.76-7.22 6.05-10.54 5.82+0.72 0321 0,810
DSV 44.85-30.06 19.99-90.48 7.12-6.54 4.74-11.28 6.97+1.37
EA 58.35-28.71 24.18-140.84 7.43-7.62 4.35-11.40 7.41+1.46

sd: standard deviation; Min: minimum; Max: Maximum; TAP: Triple antibiotic paste; OE: Open-ended needle irrigation; SV: Side-vented needle irrigation; DSV:
Double side vented needle irrigation; EA: EndoActivator irrigation.
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each technique are represented in Figure 1. No statistical-
ly significant difference was found among the groups for
pre-operative TAP volumes (chi-square = 2.129, P = 0.546).

Discussion

This study was designed to compare the efficacy of OF, SV,
DSV needles, and the EA technique for removing TAP from
root canals using a micro-CT imaging system. The tested null
hypothesis was accepted because there was no statistically
significant difference among the tested irrigation methods.

Dental trauma to immature teeth could lead the cessation
of the root formation and thinner root canal walls (19).The
root canal spaces ofimmature teeth are larger than the canal
spaces of mature teeth requiring regenerative endodontic
treatment. In this study, the root canals were prepared with
Peeso reamer drills up #6 in order to provide larger canals to
simulate the clinical conditions of immature teeth. In some
previous endodontic studies, bovine teeth had been used,
since the bovine dentine has a similar structure, chemical
composition and number of tubules to human root dentin
(20-23). It was found that, the adhesion ability of different
sealers to the human and bovine dentin were similar (22).
Instead of using human teeth, bovine incisors were used in
this study because of the mentioned reasons.

The intracanal application of medicaments is a powerful
way to combat pulp necrosis pathogens. More specifically,
TAP has been recommended for regenerative procedures be-
cause its success with eliminating the endodontic infections
has been proven (2, 24). Although TAP provides a significant
disinfection, it has some disadvantages, such as notable tooth
discoloration and significant stem cell death, especially at
dense concentrations (2, 7, 25, 26). Because it has been prov-
en that the use of TAP at 1 mg/mL has no adverse effects on
cell survival, the TAP was prepared at that concentration in
this study in order to mimic the clinical conditions (6). EDTA
has been shown to remove TAP effectively from root canals,
and also release growth factors from the dentin, and support
the adhesion, migration, and differentiation of the stem cells
of the dental pulp (27, 28).For the TAP removal, the irrigation
procedure was performed with 17% EDTA and distilled water
as suggested (29). The maximum depth of the tips/needles
was maintained at 2 mm above the apical foramen during
the irrigation procedure based on the recommendations of
European Society of Endodontology (ESE) for revitalization
procedures (29).

Residual TAP is a challenge for regenerative procedures
as it acts as a barrier between filling material and root canal
walls. Therefore, the medicament should be efficiently re-
moved. However, current study showed that TAP can not be
totally removed, regardless of the irrigation technique. TAP
was proved to have higher diffusion and retention capacities
toward the dentin tubules, induced by the chelation of cal-
cium ions by minocycline which probably caused the lack of
adequate medicament removal (1).

One study compared the needle types via a computational
fluid dynamics model, which showed that the flow conditions
of OE and close-ended needles were different (30). It was
stated that the shear stress observed with SV or DSV needles
increases on the root canal walls, which means they achieve
a higher debridement efficacy. However, different from this

study, that study was created on a simulated 6% tapered root
canal model. In this study, the canals were not tapered, and
the widths of the root canal spaces were standardized by
preparing them with #6 Peeso-reamer drills to mimic the en-
larged root canals of immature teeth. Therefore, the similarity
of the results obtained from all of the groups could be related
to the untapered shape of the root canals, which may have
allowed irrigation solution to easily flow back and remove the
apical medicament to the coronal portion of the root canal.

Previous studies that compared EA and classic needle ir-
rigation techniques for removal of the antibiotic paste and
root canal sealer found EA more effective (31-33). EA has a
non-cutting tip, and the tip generates short vertical strokes
by vibration and up-and down movements, which ease the
elimination of debris from the root canals (18). Activating the
irrigation solutions are claimed to ease the irrigation flow
and therefore cleaning the paste from the root canal walls.
In these studies, the mature teeth with tapered root canals
which had been preparing up to #40 apical size were used.
It has been claimed that an increase in the taper of the root
canals facilitates the irrigant flow, and debridement from the
apical to the coronal part of the root canals (34). In this study,
the teeth were prepared as non-tapered form, similar to a
cylinder. The similarity among the techniques may depend
on the shape of the root canals.

In some previous studies that evaluated several irrigation
methods or solutions for antibiotic paste removal, a ste-
reomicroscope was used for the determination of the rem-
nant medicament (11, 27, 31, 32, 35-39). In another study,
radio-labeled TAP was introduced into the root canals, and
the residual material was evaluated radiographically (1). In
stereomicroscopic evaluation, the roots are longitudinal-
ly sectioned and residual material is scored, or the areas of
remnant material and root canal surface are measured on
the images. The sectioning procedure may cause the rem-
nant material removal and thus causing misleading results.
The stereomicroscopic and radiographic evaluations are
both made on 2D images. The micro-CT imaging lets volu-
metric calculations on 3D imaging, and previously used to
evaluate the effects of irrigation techniques on removal of
filling material and calcium hydroxide from the root canals
(40, 41). Previous studies using micro-CT imaging to evalu-
ate volumetric solubility of TAP used artificial fabricated res-
in acrylic roots (42, 43). In this study, bovine teeth were used
to simulate clinical conditions such as the bonding between
TAP and dentin, and the effect of irrigation techniques to
remove paste from dentinal walls. However, the radiopacity
level of TAP may not be enough for micro-CT imaging, and
this could be a limitation for the current study.

It has been claimed that irrigation tips lead to apical extru-
sion, which may cause some complications, such as flare-ups,
periapical inflammation, and the delayed healing of apical
lesions (14). Causing less debris extrusion may be another
important factor for immature teeth in order to prevent the
TAP from going beyond the apical foramen. Several studies
have compared the techniques used in this study with re-
gard to apical extrusion at mature teeth (14, 44-46). Because
this study proved that the irrigation techniques had similar
effects with regard to TAP removal, another important factor,
apical extrusion, could affect the selection of the irrigation
method. Further studies evaluating debris extrusion using
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these methods with immature teeth may help to specify the
optimum irrigation technique for immature teeth.

Conclusion

Although the SV needle irrigation method provided a low-
er remnant material percentage; the OE, SV, DSV and EA ir-
rigation methods left statistically similar amounts of TAP in
the root canals. None of the methods investigated were able
to totally remove the TAP from the root canal system.

Tiirk¢e Ozet: Farkli irrigasyon yéntemlerinin (iclii antibiyotik pati uzak-
lastirma etkinliginin mikro-bilgisayarli tomografi ile degerlendirmesi.
Amag: Bu ¢calismanin amaci, dért farkli irrigasyon teknigini, liclii antibi-
yotik patini (UAP) uzaklastirma etkinligi agisindan mikro bilgisayarli to-
mografi (mikro-BT) yéntemi ile karsilastirmaktir. Gereg ve Yontemler: Kirk
adet sigir keser disi segildi ve kdk kanallar # 6 Peeso reamer kalinligina
kadar genisletildi. UAP tozu icin esit miktarda metronidazol, siprofloksa-
sin ve minosiklin kullanildi. UAP tozunun distile suyla (1 mg/ 1 mL toz-likit
oraninda) kanstinlmastyla pat elde edildi. UAP, lentiilo spiral ile kanallara
iletildi, ardindan giris kaviteleri gegici olarak kapatildi. Yirmi bir giin sonra,
disler irrigasyon teknigine gére rastgele dort esit gruba aynildi: agik uglu,
tek yandan delikli, ve ¢ift yandan delikli irrigasyon igneleri ve EndoActi-
vator irrigasyon cihazi. UAP, tiim gruplarda % 17 EDTA (20 mL) ve distile
su (5 mL) irrigasyonu ile uzaklastirnildi. Kanal ici medikaman hacmi, irri-
gasyon isleminden 6nce ve sonra mikro-BT cihazi ile taranarak kaydedildi
ve artik UAP yiizdesi hesaplandi. Bulgular: Farkli irrigasyon teknikleriyle
uzaklastinilan UAP yiizdesi hacimleri arasinda istatistiksel olarak anlam-
I bir fark olmadigi gérdildi. Sonug: Bu ¢alismada kullanilan irrigasyon
teknikleri UAP uzaklastirma etkinligi agisindan benzerlik gésterdi, an-
cak hicbir sistem kék kanal sisteminden pati tamamen uzaklastiramad.
Anahtar kelimeler: endoactivator; irrigasyon, rejeneratif endodontik te-
davi; yandan delikli irrigasyon ignesi, Uglii antibiyotik pati.

Ethics Committee Approval: Not required.
Informed Consent: Not required.
Peer-review: Externally peer-reviewed.

Author contributions: ES, SiY, MK participated in designing the
study. ES, SIY, MK participated in generating the data for the study.
ES, SIY, MK, FG MO, HHC participated in gathering the data for the
study. ES, SIY, MK, FG participated in the analysis of the data. ES
wrote the majority of the original draft of the paper. ES participated
in writing the paper. ES, SiY, MK, FG MO, HHC have had access to all of
the raw data of the study. ES, SiY, MK, FG MO, HHC have reviewed the
pertinent raw data on which the results and conclusions of this study
are based. ES, SIY, MK, FG MO, HHC have approved the final version of
this paper. ES guarantees that all individuals who meet the Journal’s
authorship criteria are included as authors of this paper.

Conflict of Interest: The authors declared no conflict of interest.

Financial Disclosure: The authors declared that they have received
no financial support.

References

1. Berkhoff JA,Chen PB, Teixeira FB, Diogenes A. Evaluation of triple
antibiotic paste removal by different irrigation procedures. J
Endod 2014;40:1172-7. [CrossRef]

2. Hargreaves KM, Diogenes A, Teixeira FB. Treatment options:
biological basis of regenerative endodontic procedures. J
Endod 2013;39:530-3. [CrossRef]

3. Ding RY, Cheung GS, Chen J, Yin XZ, Wang QQ, Zhang CF. Pulp
revascularization of immature teeth with apical periodontitis: a
clinical study. J Endod 2009;35:745-9. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jung lY, Lee SJ, Hargreaves KM. Biologically based treatment of
immature permanent teeth with pulpal necrosis: a case series.
Tex Dent J 2012;129:601-16.

Scott MB, 2nd, Zilinski GS, Kirkpatrick TC, Himel VT, Sabey KA,
Lallier TE. The effects of irrigants on the survival of human
stem cells of the apical papilla, including endocyn. J Endod
2018;44:263-8. [CrossRef]

Althumairy RI, Teixeira FB, Diogenes A. Effect of dentin
conditioning with intracanal medicaments on survival of stem
cells of apical papilla. J Endod 2014;40:521-5. [CrossRef]
Ruparel NB, Teixeira FB, Ferraz CC, Diogenes A. Direct effect of
intracanal medicaments on survival of stem cells of the apical
papilla. J Endod 2012;38:1372-5. [CrossRef]

Sato |, Ando-Kurihara N, Kota K, lwaku M, Hoshino E. Sterilization
of infected root-canal dentine by topical application of a
mixture of ciprofloxacin, metronidazole and minocycline in situ.
Int Endod J 1996;29:118-24. [CrossRef]

Dabbagh B, Alvaro E, Vu DD, Rizkallah J, Schwartz S. Clinical
complications in the revascularization of immature necrotic
permanent teeth. Pediatr Dent 2012;34:414-7.

Lenherr P, Allgayer N, Weiger R, Filippi A, Attin T, Krastl G. Tooth
discoloration induced by endodontic materials: a laboratory
study. Int Endod J 2012;45:942-9. [CrossRef]

Keskin C, Guler DH, Sariyilmaz E. Effect of intracanal time of
triple antibiotic paste on its removal from simulated immature
roots using passive ultrasonic irrigation and XP-endo Finisher. J
Dent Res Dent Clin Dent Prospects 2018;12:288-93. [CrossRef]
Kirar DS, Jain P, Patni P. Comparison of different irrigation and
agitation methods for the removal of two types of calcium
hydroxide medicaments from the root canal wall: an in-vitro
study. Clujul Med 2017;90:327-32. [CrossRef]

Devi AA, Abbott PV. Comparison of the flow characteristics of
irrigants with standard and Max-i-Probe needles. Aust Endod J
2012;38:50-4. [CrossRef]

Silva PB, Krolow AM, Pilownic KJ, Casarin RP, Lima RK, Leonardo
RdeT, etal. Apical extrusion of debris and irrigants using different
irrigation needles. Braz Dent J 2016;27:192-5. [CrossRef]
Gokturk H, Ozkocak |, Buyukgebiz F, Demir O. An in vitro
evaluation of various irrigation techniques for the removal of
double antibiotic paste from root canal surfaces. J Appl Oral Sci
2016;24:568-4. [CrossRef]

Gokturk H, Ozkocak I, Buyukgebiz F, Demir O. Effectiveness of
various irrigation protocols for the removal of calcium hydroxide
from artificial standardized grooves. J Appl Oral Sci 2017;25:290-
8. [CrossRef]

Yilmaz K, Tufenkci P, Adiguzel M. The effects of QMix and
EndoActivator on postoperative pain in mandibular molars
with nonvital pulps: a randomized clinical trial. Clin Oral Investig
2019;23:4173-80. [CrossRef]

Kucuk M, Kermeoglu F. Efficacy of different irrigation methods
on dentinal tubule penetration of Chlorhexidine, QMix and
Irritrol: A confocal laser scanning microscopy study. Aust Endod
J2019;45:202-8. [CrossRef]

Deniz Sungur D, Aksel H, Purali N. Effect of a low surface tension
vehicle on the dentinal tubule penetration of calcium hydroxide
and triple antibiotic paste. J Endod 2017;43:452-5. [CrossRef]
Oskoee SS, Bahari M, Daneshpooy M, Ajami AA, Rahbar M. Effect
of Different Intraorifice Barriers and Bleaching Agents on the
Fracture Resistance of Endodontically Treated Anterior Teeth. J
Endod 2018;44:1731-5. [CrossRef]

Cochrane S, Burrow MF, Parashos P. Effect on the mechanical
properties of human and bovine dentine of intracanal medicaments
and irrigants. Aust Dent J 2019;64(1):35-42. [CrossRef]

Silva E, Carvalho NK, Prado MC, Senna PM, Souza EM, De-
Deus G. Bovine teeth can reliably substitute human dentine
in an intra-tooth push-out bond strength model? Int Endod J
2019;52:1063-9. [CrossRef]

Evans MD, Baumgartner JC, Khemaleelakul SU, Xia T. Efficacy
of calcium hydroxide: chlorhexidine paste as an intracanal
medication in bovine dentin. J Endod 2003;29:338-9. [CrossRef]


https://doi.org/10.1016/j.joen.2013.12.027
https://doi.org/10.1016/j.joen.2012.11.025
https://doi.org/10.1016/j.joen.2009.02.009
https://doi.org/10.1016/j.joen.2017.09.001
https://doi.org/10.1016/j.joen.2013.11.008
https://doi.org/10.1016/j.joen.2012.06.018
https://doi.org/10.1111/j.1365-2591.1996.tb01172.x
https://doi.org/10.1111/j.1365-2591.2012.02053.x
https://doi.org/10.15171/joddd.2018.045
https://doi.org/10.15386/cjmed-737
https://doi.org/10.1111/j.1747-4477.2012.00354.x
https://doi.org/10.1590/0103-6440201600382
https://doi.org/10.1590/1678-775720160286
https://doi.org/10.1590/1678-7757-2016-0414
https://doi.org/10.1007/s00784-019-02856-6
https://doi.org/10.1111/aej.12309
https://doi.org/10.1016/j.joen.2016.10.037
https://doi.org/10.1016/j.joen.2018.07.025
https://doi.org/10.1111/adj.12655
https://doi.org/10.1111/iej.13085
https://doi.org/10.1097/00004770-200305000-00005

54

Saricam E, et al.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Sabrah AH, Yassen GH, Spolnik KJ, Hara AT, Platt JA, Gregory RL.
Evaluation of Residual Antibacterial Effect of Human Radicular
Dentin Treated with Triple and Double Antibiotic Pastes. J Endod
2015;41:1081-4. [CrossRef]

Bose R, Nummikoski P, Hargreaves K. A retrospective evaluation
of radiographic outcomes in immature teeth with necrotic root
canal systems treated with regenerative endodontic procedures.
J Endod 2009;35:1343-9. [CrossRef]

Chuensombat S, Khemaleelakul S, Chattipakorn S, Srisuwan
T. Cytotoxic effects and antibacterial efficacy of a 3-antibiotic
combination:anin vitro study.JEndod 2013;39:813-9. [CrossRef]
Ustun Y, Duzgun S, Aslan T, Akti A. The efficiency of different
irrigation solutions and techniques for the removal of triple
antibiotic paste from simulated immature root canals. Niger J
Clin Pract 2018;21:287-92.

Galler KM, Widbiller M, Buchalla W, Eidt A, Hiller KA, Hoffer PC, et
al. EDTA conditioning of dentine promotes adhesion, migration
and differentiation of dental pulp stem cells. Int Endod J
2016;49:581-90. [CrossRef]

Galler KM, Krastl G, Simon S, Van Gorp G, Meschi N, Vahedi B,
et al. European Society of Endodontology position statement:
revitalization procedures. Int Endod J 2016;49:717-23. [CrossRef]
Boutsioukis C, Verhaagen B, Versluis M, Kastrinakis E, Wesselink
PR, van der Sluis LW. Evaluation of irrigant flow in the root canal
using different needle types by an unsteady computational
fluid dynamics model. J Endod 2010;36:875-9. [CrossRef]
Akman M, Akbulut MB, Aydinbelge HA, Belli S. Comparison
of different irrigation activation regimens and conventional
irrigation techniques for the removal of modified triple antibiotic
paste from root canals. J Endod 2015;41:720-4. [CrossRef]
Arslan H, Akcay M, Capar ID, Ertas H, Ok E, Uysal B. Efficacy
of needle irrigation, EndoActivator, and photon-initiated
photoacoustic streaming technique on removal of double and
triple antibiotic pastes. J Endod 2014;40:1439-42. [CrossRef]
Ozyurek T, Demiryurek EO. Comparison of the effectiveness of
different techniques for supportive removal of root canal filling
material. Eur Endod J 2016;1:1-6. [CrossRef]

Boutsioukis C, Gogos C, Verhaagen B, Versluis M, Kastrinakis E,
Van der Sluis LW. The effect of root canal taper on the irrigant
flow: evaluation using an unsteady computational fluid
dynamics model. Int Endod J 2010;43:909-16. [CrossRef]

Eymirli A, Nagas E, Uyanik MO, Cehreli ZC. Effect of laser-activated
irrigation with ethylene diaminetetraacetic acid and phytic acid

36.

37.

38.

39.

40.

41.

42.

43.

a4,

45,

46.

on the removal of calcium hydroxide and triple antibiotic paste
from root dentin. Photomed Laser Surg 2017;35:43-8. [CrossRef]
Arslan H, Capar ID, Saygili G, Uysal B, Gok T, Ertas H, et al. Efficacy
of various irrigation protocols on the removal of triple antibiotic
paste. Int Endod J 2014;47:594-9. [CrossRef]

Ok E, Altunsoy M, Nur BG, Kalkan A. Effectiveness of different
irrigation solutions on triple antibiotic paste removal from
simulated immature root canal. Scanning 2015;37:409-13.
[CrossRef]

Topcuoglu HS, Akti A, Topcuoglu G, Duzgun S, Ulusan O, Akpek
F. Effectiveness of conventional syringe irrigation, vibringe, and
passive ultrasonic irrigation performed with different irrigation
regimes in removing triple antibiotic paste from simulated root
canal irregularities. J Conserv Dent 2016;19:323-7. [CrossRef]
Turkaydin D, Demir E, Basturk FB, Sazak Ovecoglu H. Efficacy of
XP-Endo Finisher in the removal of triple antibiotic paste from
immature root canals. J Endod 2017;43:1528-31. [CrossRef]
Kaloustian MK, Nehme W, El Hachem C, Zogheib C, Ghosn N,
Mallet JP, et al. Evaluation of two shaping systems and two
sonic irrigation devices in removing root canal filling material
from distal roots of mandibular molars assessed by micro CT. Int
Endod J 2019;52:1635-44. [CrossRef]

Silva LJ, Pessoa OF, Teixeira MB, Gouveia CH, Braga RR. Micro-
CT evaluation of calcium hydroxide removal through passive
ultrasonic irrigation associated with or without an additional
instrument. Int Endod J 2015;48:768-73. [CrossRef]

Zancan RF, Cavenago BC, Oda DF, Bramante CM, Andrade
FB, Duarte MAH. Antimicrobial activity and physicochemical
properties of antibiotic pastes used in regenerative endodontics.
Braz Dent J 2019;30:536-41. [CrossRef]

Zancan RF, Vivan RR, Milanda Lopes MR, Weckwerth PH,
de Andrade FB, Ponce JB, et al. Antimicrobial activity and
physicochemical properties of calcium hydroxide pastes used
as intracanal medication. J Endod 2016;42:1822-8. [CrossRef]
GencSenO,KayaM.Comparative Safety of Needle, EndoActivator,
and laser-activated irrigation in overinstrumented root canals.
Photomed Laser Surg 2018;36:198-202. [CrossRef]

Yost RA, Bergeron BE, Kirkpatrick TC, Roberts MD, Roberts HW,
Himel VT, et al. Evaluation of 4 different irrigating systems for
apical extrusion of sodium hypochlorite. J Endod 2015;41:1530-
4. [CrossRef]

Desai P, Himel V. Comparative safety of various intracanal
irrigation systems. J Endod 2009;35:545-9. [CrossRef]


https://doi.org/10.1016/j.joen.2015.03.001
https://doi.org/10.1016/j.joen.2009.06.021
https://doi.org/10.1016/j.joen.2012.11.041
https://doi.org/10.1111/iej.12492
https://doi.org/10.1111/iej.12629
https://doi.org/10.1016/j.joen.2009.12.026
https://doi.org/10.1016/j.joen.2015.01.001
https://doi.org/10.1016/j.joen.2014.02.013
https://doi.org/10.5152/eej.2016.16002
https://doi.org/10.1111/j.1365-2591.2010.01767.x
https://doi.org/10.1089/pho.2016.4146
https://doi.org/10.1111/iej.12194
https://doi.org/10.1002/sca.21229
https://doi.org/10.4103/0972-0707.186452
https://doi.org/10.1016/j.joen.2017.04.017
https://doi.org/10.1111/iej.13163
https://doi.org/10.1111/iej.12374
https://doi.org/10.1590/0103-6440201902613
https://doi.org/10.1016/j.joen.2016.08.017
https://doi.org/10.1089/pho.2017.4380
https://doi.org/10.1016/j.joen.2015.05.007
https://doi.org/10.1016/j.joen.2009.01.011




