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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
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Original research

Shear bond strengths of five porcelain repair systems to

zirconia infrastructures

Purpose

This study aimed to investigate the effect of five porcelain repair systems on shear
bond strength in composite and zirconia infrastructures and to identify the bond
failure mode after thermocycling.

Materials and Methods

Disk-shaped zirconia samples (n=50) were divided into five groups (n=10) according
to repairing system type. Each repair system was applied to the zirconium samples
and a hybrid composite was used for repairing. Shear bond testing of all groups was
carried out using a universal testing machine after thermocycling.

Results

Repair systems demonstrated no significant difference in repairing zirconia except
Single Bond. Single Bond was the weakest in repairing the infrastructures. The
highest and lowest mean bond strength values for the zirconia groups were 18,91
MPa and 3,63 MPa, respectively.

Conclusion

The three repair systems, Ivoclar, Clearfil, and Bisco, were more effective than the
Single Bond and Ultradent repair systems in repairing zirconia, and their bond
failure modes were both mixed and adhesive.

Keywords: Repair system, zirconia, shear bond, adhesive system, bond failure

Introduction

Although the use of all-ceramic restorations have become widespread in
recent years due to their aesthetic superiority, metal-ceramic restorations
are still the most frequently used restorations due to their mechanical du-
rability (1,2). Due to the increasing cost of gold alloys in the 1960s, the
use of alternative alloys for prosthetic restorations became more popular.
The mechanical properties of these materials allow for thinner but more
robust restorations (3). Due to cost and rigidity nickel-chromium and co-
balt-chromium alloys are preferred (4).

The increase in the aesthetic expectations of individuals in recent years
has led to the development of different types of dental ceramic resto-
rations (5-7). The chemical properties of the ceramics and their superior
performance in mimicking dental tissues were the main reasons behind
the widespread use of these dental materials (8). Zirconium material was
first introduced in dentistry in 1990 as a crown prosthesis and as an infra-
structure material in fixed prostheses (9).

Most all-ceramic materials have been developed to achieve esthet-
ic restoration. One of the most used all-ceramic esthetic restorations is
zirconia, which differs from others by its resistant mechanical properties.
Zirconia has three forms: monoclinic, tetragonal, and cubic; it structure is
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monoclinic at room temperature and transforms to the cu-
bic and tetragonal phases with increasing temperature (9).

Porcelain veneer fractures have been reported to be the
most common reason for the replacement of metal-ceramic
crowns and bridges (10,11). The failure of veneered porce-
lain may occur from inadequate metal framework design,
tooth preparation and occlusal adjustment (12,13).

The most frequent complication is the small chip-off frac-
ture of veneered ceramic. Although replacing them with
ceramic restorations is a common approach, they can be re-
paired intraorally when they are not completely damaged
(14-16). During the replacement of a fractured ceramic res-
toration trauma may damage the remaining teeth and tis-
sues. This procedure costs more than repairing the chipped
part (17). Numerous commercial intraoral ceramics repairing
systems has been developed for repairing these kinds of res-
torations. On the other hand, scientific studies reveal that
ceramic repair systems cannot create a persistent solution
due to their weakened bond strength (18,19).

The bonding strength between the cracked restoration
and the repair material must be strong enough. When the
bond strength of ceramic repair systems is at clinically ac-
ceptable levels, the time and money spent on making a new
restoration will be reduced (7).

In the present study, five ceramic repair systems were used
to simulate chairside zirconia infrastructure repair using com-
posite resin. The aim was to compare the effects of the five
repair systems on the shear bond strength (SBS) between
the composite and zirconium to analyze the mode of failure
in each experimental group. The null hypothesis is as follows:
there is no difference in the bond strength of the different ce-
ramic repair systems in repairing a zirconia infrastructure.

Materials and methods
Study design and sample preparation

50 disk-shaped zirconia samples with a 10 mm diameter
and a 3 mm thickness were used in the present study. The
zirconia disks were prepared from presintered blocks (H.C.
Starck, Berlin, Germany) according to the manufacturer’s in-
structions using a CAD/CAM system (CORITEC T 350i loader,
imes-icore, Eiterfeld, Germany) and sintered to the final re-
quired dimension (10 mm in diameter and 3 mm thick) in a
special high-temperature furnace. Table 1 shows the materi-
als used and their manufacturer’s information.

All disk specimens were properly polished by a special
polishing machine (Tegrapol-11;Struers, Ballerup, Germany)
using wet silicon carbide paper ground with 600, 800, and
1,000 grit under cool water for 1 min. All zirconia disks were
treated with airborne-particle abrasion device (Airsonic Mini
Sandblaster, Hager & Warken, Duisburg, Germany) with a 50-
pm particle size aluminum-oxide for 10 seconds at a pres-
sure of 0,3 MPa and from 10 mm distance.

The repairing procedure was performed by the same oper-
ator (S.A.). Each repair system used in this study was applied
to the zirconium samples according to the manufacturer’s
instructions, as explained in Table 2.

Hybrid composite resin was incrementally packed with
a hand instrument using a specially designed epoxy glass
mold (6 mm diameter and 3 mm thickness). Each layer was
light-cured with a light polymerizing unit (3M Elipar S10, 3M

Espe, Germany) for 40 s at a distance of 1 mm with an output
of 1,000 mW/cm2. The wavelength of the light polymerizing
unit was measured by a spectroradiometer (Model 77702,
Oriel instrument, Danbury, CT, USA), power density was
measured using a radiometer (Radiometer LED, Demeton/
Kerr, Danbury, CT, USA) prior to every specimen curing.

The bonding process was conducted by the same opera-
tor during experiments. After polymerization, the assembly
of the repaired samples was removed from the mold, and
light curing was repeated in five aspects of all blocks (upper
and lateral) for 20 s per side.

Experimental groups

The samples (N = 50) were divided into five groups (n =
10): zirconia with the Bisco repair system (ZB), zirconia with
the Clearfil repair system (ZC), zirconia with the Ivoclar ce-
ramic repair system (ZI), zirconia with Single Bond (ZS), and
zirconia with the Ultradent repair system (ZU).

Thermocycling protocols

The samples were all stored in distilled water at 37 °C for 24
hours and then subjected to thermal cycling (Slibrus Techni-
ca Termal Siklus, istanbul, Turkey) of 1,200 cycles at 5-55 °C,
with a dwell time of 20 s at each temperature and a transfer
time from one bath to the other of 10 s.

Testing protocols

All samples were fixed by chemically cured acrylic resin in a
steel mold. Shear bond testing of all groups was carried out us-
ing universal testing machine (Instron 3345, Instron Corp., Nor-
wood, lllinois, USA) at a crosshead speed of 1 mm/min. SBS val-
ues were calculated by dividing the maximum load at failure (N)
by the bonding area (mm?) and recorded in megapascals (MPa).
The failure modes of the bond related to the fractured surfaces
were analyzed visually by using a stereomicroscope (EMS-405,
Esman, Turkey) at 20x magnification. The failure areas were clas-
sified as adhesive, cohesive, or mixed type.

Statistical analysis

Statistical analyses were performed by the Number
Cruncher Statistical System 2007 (NCSS, Utah, USA) software
for Windows. The Shapiro-Wilk test was used to analyze if
the measured parameters met the assumptions of normal
distribution. The results of the test indicated that the data
were normally distributed. Therefore, data were analyzed us-
ing the one-way ANOVA and the Tukey’s HSD was performed
to determine the group responsible for the difference. p-val-
ues less than 0.05 were considered statistically significant.

Results

Table 3 shows maximum, minimum, mean values and
standard deviation values of the SBS test for the groups. The
lowest and highest mean bond strength values for the zirco-
nia groups were 18,91 MPa and 3,63 MPa respectively. When
the SBS values of the repair systems applied to the zirco-
nia groups were compared, both Ultradent (ZU) and single
bond (ZS) repair systems showed lower SBS values than the
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Table 1: Details of the materials used in the study.

Material Composition Manufacturer Lot no.

K-etchant gel: 40% phosphoric acid
Clearfil-SE Bond Primer: 10-methacryloyloxydecyl dihydrogen
phosphate (MDP), HEMA, dimethacrylate monomer, water,
Clearfil repair photoinitiator,
system (C) Clearfil-SE Bond: silanated colloidal silica, Bis-GMA, 10-MDP,
Clearfil Porcelain bond activator: bisphenol A polyethoxy
dimethacrylate 3-methacryloyloxypropyltrimethoxy silane
(MPS)

Kuraray Co., Osaka, Japan 000016

Monobond® Plus a Primer: Alcohol solution of silane
methacrylate, phosphoric acid methacrylate and sulphide
Ivoclar repair methacrylate. Ivoclar Vivadent Inc.,
system (1) Heliobond - a light-curing bonding agent: Bis-GMA and Liechtenstein, Switzerland
tri-ethylene glycol dimethacrylate (99 wt.%), initiators and
stabilizers (<1%).

T42712

MDP Phosphate Monomer, Dimethacrylate resins, HEMA,

single bond (5) Vitrebond Copolymer Filler, Ethanol, Water, Initiators, Silane

3M, ESPE, St., Paul, MN, USA 604724

Table 2: Application procedures and contents of the repair systems used in this study.

Application procedures Content

Clearfil SE Bond Primer and porcelain bond activator were mixed for 5

seconds K-etching gel
Clearfil Repair System (C) 2.Bonding agent was applied for 10 seconds (air drying) and photo- Clearfil SE Bond
polymerization for 40 seconds) Porcelian bond activator

3. Repair was completed using composite resin and light cured fo 40 seconds

PermaFlo Dentin Opaquer
EtchArrest

OpalDam

Peak Universal Bond
Porcelain Etch

Ultradent Silane

1.Apply Hydrofloric acid on metal surface for 90 second
2.Apply silane and leave 1 minute
2.Apply Peak Universal bond for 10 second and light cure for 20 second

Ultradent Porcelian
Repair system (U)
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Table 3: Shear bond strengths values (MPa) of the groups.

Groups (n=10) Minimum Maximum Mean Std. Deviation
ZB 14,29 27,65 18,91 4,33
ZzC 9,33 28,37 18,61 5,37
Zl 8,76 23,51 15,24 5,30
Zs 2,73 4,80 3,63 0,62
ZU 4,99 9,87 6,63 1,50

Table 4: Pairwise comparisons of the repair systems.

Tukey Multiple Comparisons Test P
ZS/ZB 0,0001
ZS/2C 0,0001
ZS / ZI 0,0001
ZS/ZU 0,447
ZB/ZC 0,999
ZB/ZI 0,249
ZB/ZU 0,0001
ZC/zi 0,331
ZC/ZU 0,0001
Zl/ZU 0,0001

Bond Failure

10
9
8
7
6
5
4
3
2
1
0
Bisco repair Clearfil repair Ivoclar Single bond Ultradent
system system Ceramic repair system

repair system
W Adhesive m Mixed

Figure 1. Failure modes of the groups.

remaining repair systems (p<0.0001). Bisco (ZB), ivoclar (Z1)
and Clearfil (ZC) repair systems showed similar SBS values.
Table 4 shows multiple comparisons of repair systems. For
the failure modes of the repair systems, Ivoclar (ZI), Clearfil
(ZC), and Bisco repair systems (ZB) had both mixed and ad-
hesive failures. All the specimens of the Single Bond (ZS) and
Ultradent (ZU) groups failed adhesively (Figure 1).

Discussion

Veneering porcelain fracture is a common complication
that can occur in all dental ceramic systems. The incidence
of chipping fractures is significantly higher for metal-ce-
ramic and zirconia-based fixed dentures than for frame-
work fractures. For both restorations, veneer chipping can
be treated by polishing or repairing rather than replacing
the restorations (20).

Five different repair systems were compared in this study.
According to the results of the study, the null hypothesis was
rejected. The SBS of zirconia to composite resin was signifi-
cantly different among different repair systems. The samples
were subjected to thermocycling for 1,200 cycles at 5-55°C.
According to Gale and Darvell (21-23), 10,000 cycles could
represent a year of service, as 20-50 cycles are equal to one
day. The thermal cycle procedure has been applied similarly
in many other studies, and thus we used the same protocol
to compare our results with theirs.

Generally, shear bond tests or tensile bond tests are used to
measure bond strength. The tensile bond strength test is ex-
tremely affected by sample form and the formation of non-uni-
form stress distributions throughout load applications. The
shear bond strength test is the most widely used test for bond
strength because of its simple usage, clear test protocol, and
rapid production of the test result (23,24). For these reasons,
the shear bond tests were performed to evaluate the bond
strength in our study as in previous studies (23-25).

Sandblasting provides micromechanical retention and a
stronger composite-metal bond when performed on zirco-
nia. In comparing the different repair systems in this study,
the surface treatments were not changed, and the sand-
blasting process, which is one of the most effective meth-
ods, was performed for all groups (25). Matsumura et al.(26)
reported the SBS value of 10 MPa as the minimal to obtain
clinically acceptable results. According to the results of the
present study, all the repair systems, except ZS and ZU, have
exceeded 10 MPa. Statically significant differences were
found between the repair systems, and thus the null hypoth-
esis was rejected. Kocaagaoglu and Gurbulak (27) evaluated
the SBS between two porcelain repair kits and zirconia or a
nonprecious metal alloy. After thermocycling for 1,200 cy-
cles, the SBS of the zirconia group using the Clearfil repair
system was 8.80 MPa, and the SBS of metal was 19,75 MPa.
We evaluated the SBS of the five porcelain repair systems
and the zirconia infrastructure materials after thermocycling
for 1,200 cycles. The result of the Clearfil repair system was
18,61 MPa. The difference may be due to the use of a rotary
cutting instrument, as 30 um is not sufficient to roughen a
zirconia surface. Zirconia has superior hardness and needs
to be ground with coarse diamond rotary instruments (28).
Goncalo et al. tested the effect of a surface treatment and
primer application on the composite SBS to zirconia. The zir-
conia prime plus group, which is present in the Bisco repair
system and is similar to our ZB group, was higher, and the
scores were similar to those in our study (29,30).

Han et al. (30) investigated the effects of three intraoral
ceramic repair kits on the bond strength between compos-
ite resin and zirconia. The SBS was found to be 3.21 MPa for



Repair systems and Zirconia

59

a ceramic repair system (lvoclar), 7,80 MPa for a CoJet re-
pair system, and 8,98 MPa for a Signum Zirconia Bond (30).
The SBS of the ceramic Ivoclar repair system was weak even
without thermocycling. The score for Ivoclar of the ZI group
in our study was 15,24 MPa, which was higher than that in
the previous study. This may be due to the fact that a zirco-
nia surface should be sandblasted, which is a more effective
method for roughening a zirconia surface. Kocaoglu et al. (31)
examined the effect of three intraoral ceramic repair systems
on the bond strength between composite resin and zirconia
(31). The SBS was 10,85 MPa for the Clearfil repair system and
12,64 MPa for the Bisco intraoral repair kit. Compared with the
results of our study, the results were lower in Kocaoglu et al's
study (31). We sandblasted the zirconia samples before appli-
cation, and this could have enhanced the retention.

No significant difference was found among Clearfil, Bisco,
and the ceramic repair system used for repairing the zir-
conia infrastructure properly because the three repair sys-
tems, which contained bonding agents and organo-phos-
phate monomers (e.g., 10-methacryloxydecyl dihydrogen
phosphate [MDP]), were developed to improve the bond
strength of resin-based materials to a silica-free zirconium
structure (32, 33). Previous studies showed that commer-
cial phosphate-monomer-containing zirconia primers, im-
proved both the initial and long-term resin bond strength
to zirconia ceramic sutructures significantly (34-40). The
pretreatment of zirconia with MDP-containing adhesive
systems can lead to satisfactory adhesion between the dif-
ferent composite resins and ceramic surfaces even after the
artificial aging process (41). Moreover, similar to our study,
the surface treatment of air-abrasion and phosphate-mono-
mer-containing primer application improved the durability
of zirconia-resin bond strength (42-45).

A significant difference was found among the three repair
systems (Bisco, Ultradent, and Clearfil) and between the oth-
er two repair systems (Ultradent and Single Bond adhesive),
probably because Ultradent and Single Bond adhesive de-
pend on silane as a surface treatment. Silane materials were
often used for coupling with silica-based ceramics through
the formation of a chemical covalent bond to obtain a chem-
ical bond between resin and zirconia, which have silica-free
and relatively nonpolar surfaces. They are chemically much
more stable than silica-based ceramics, and thus traditional
silane chemistry is not usually effective for zirconia (41).

Evaluating the mode of failure of specimens is important to
demonstrate the quality of the bond to treated zirconium and
composite resins. In this study, the tested specimens exhibited
adhesive failure with the Ultradent and Single Bond repaired
specimens, indicating that the Single Bond adhesive and Ul-
tradent repaired specimens obtained a weak bond with the
composite. As in previous studies, a higher mean SBS value is
related to the predominance of mixed failure modes (45-46).

None of the repair methods resulted in cohesive failures in
the zirconia specimens. This may be due to the effect of ther-
mocycling on the bond between zirconia and composite resin.

No significant difference was observed in the mode of bond
failure of the Bisco, Ultradent, and Clearfil repair systems. This
result may be related to the presence of MDP, which increases
the bond between zirconia and composite resin.

This study has the following limitations: the number of
thermal cycles was limited, only one surface roughness

method was investigated, and the experimental device can
not fully simulate the oral environment. Further studies with
higher number thermal cycles and those focusing on other
types of surface roughness should be performed to provide
more reliable information about repair systems.

Conclusion

Within the limitations of the present experimental study,
the three repair systems, namely Ivoclar, Clearfil, and Bisco,
could be used effectively for repairing chipped veneered
porcelain for zirconia infrastructures. The observed failure
modes indicates that Ivoclar, Clearfil, and Bisco repair sys-
tems could have advantages over others.

Tiirkce Ozet: Bes farkli porselen tamir sisteminin Zirkonya alt yapilara
baglanma dayaniminin karsilastinlmasi. Amag: Bu ¢calismanin amaci,
termal siklus sonrasi bes farkli porselen tamir sisteminin kompozit ve
zirkonya altyapilari arasindaki baglanma dayanimi lizerindeki etkisi-
ni ve meydana gelen ayrilma tiplerini arastirmaktir. Gere¢ ve Yontem:
Disk seklinde olusturulmus drnekler (n=50), Z'den yapildi, tamir sistemi
tipine gdre bes alt gruba (n=10) ayrildi. Herbir tamir sistemi zirkonyum
numunelerine uygulandi ve onarim igin hibrit kompozit kullanildi.
Tiim gruplanin baglanma dayanimi testleri, termalsikliis sonrasinda
Universal test makinesi kullanilarak gerceklestirildi. Bulgular: Zirkon-
ya tamirinde Single bond tamir sistemi haric diger tamir sistemlerinde
anlamli bir farkhilik belirlenmedi. Single bond alt yapilarin tamirinde en
zayif olarak bulunmustur. Zirkonya gruplari icin en yliksek ve en dlisiik
ortalama baglanma dayanimi degerleri sirasiyla 18.91 MPa ve 3.63
MPa olarak él¢iilmUistiir. Sonug: Zirkonya tamirinde Ui¢ tamir sisteminin
(Ivoclar, Clearfil ve Bisco), Single bond ve Ultradent tamir sistemine gére
daha etkili oldugu saptanmis ve ayrilma tipleri mixed ve adeziv oldugu
gorilmistir. Anahtar kelimeler: Tamir sistemi; zirkonya; baglanma
dayanimi; adeziv sistem; ayrilma tipleri.
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The effects of reinforcement with nanoparticles of
polyetheretherketone, zirconium oxide and its mixture

on flexural strength of PMMA resin

Purpose

Polymethylmethacrylate denture bases are prone to fracture, so reinforcement
of dentures with nanoparticles is required to overcome these challenges. This in-
vitro study was done to assess the effect of reinforcement with nanoparticles of
polyetheretherketone (PEEK), zirconium oxide (ZrO,) and its mixture on flexural
strength of polymethylmeythacrylate resin.

Materials and Methods

A total of 60 acrylic resin specimens measuring 65 mm x 10 mm x 2.5 mm were
fabricated. The specimens were divided in to fifteen specimens in each group
[control group (C), 3wt% PEEK group (P), 3wt% zirconia group (Z), and hybrid
reinforcement of 1.5wt% PEEK and 1.5wt% ZrO, group (P-Z)]. The flexural strength
of the specimens was evaluated using a three-point bending test on a universal
testing machine.The statistical analysis was done using one-way analysis of variance
(ANOVA), and the intergroup comparison was done using Tukey’s post hoc analysis.

Results

The mean flexural strength was maximum in group P-Z (98.73MPa) followed by
group P (86.22 MPa) and group Z (84.48 MPa). The mean flexural strength was least
in the control group (74.86MPa). One-way ANOVA revealed a highly significant
(P<0.01) difference among the groups. Pairwise comparison among groups showed
a significant difference (P<0.05) among all the groups except in between groups P
and Z where no significant difference was found (P=0.406).

Conclusion

Hybrid reinforced PEEK and zirconia could be used as an effective reinforcement
material for denture base resin. The hybrid PEEK and zirconia reinforced resin can
be an alternative treatment option in patients with heavy occlusal forces and for
patients who have previous experience of multiple denture fractures.

Keywords: Flexural strength, nanopatrticles, polymethylmethacrylate, polyetheretherketone,
Zirconia

Introduction

Polymethylmeythacrylate (PMMA) contributes up to 95% for the fab-
rication of removable dental prosthesis, due to its optical properties,
biocompatibility, and aesthetics (1,2). However, significant issues still
exist, which need to be addressed to improve the properties of PMMA
for fabrication of dentures. PMMA denture bases are more prone to frac-
ture due to stress concentration at the frenum notch, in rugae areas,
in denture base regions with scratches, and under heavy masticatory
forces (3-5).

Two methods were recommended to prevent the denture base frac-
ture, one is by reinforcement of the denture base material and the oth-
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er is by reducing the stress concentration in the midline
of the denture base (6). Various denture base designs/
techniques have advocated to decrease the stresses at
the midline, but this usually increases the denture base
thickness with decrease in the tongue space and thus in-
fluences the speech (7). Incorporation of nanoparticles to
increase the strength of the denture bases surely emerge
as a better treatment option.

Numerous endeavours seemed to be attempted in the
past to enhance the mechanical properties of the acrylic
resins by incorporating different strengthening materials:
metal fillers, metals, carbon fibres, aramid fibres, glass fibres
and ultra-high molecular weight polyethylene (8). Although
the incorporation of fibres improves the flexural strength,
increased fibre content generally decreases the surface
hardness without much increase in strength (9-11).The ex-
pansion of metal fillers increases the compressive strength
and thermal conductivity but compromises the esthetics
and decreases the tensile strength (12).

For the past few years, zirconia has been used to strength-
enthe denture bases. Zirconia is a white crystalline dioxide of
zirconium, with a flexural strength of 1666 MPa and having a
modulus of elasticity like steel (13). Zirconia incorporated in
dental materials has enhanced the mechanical properties of
the dental materials with better esthetics (14-16). In recent
years, polyetheretherketone (PEEK), a semi-crystalline linear
polycyclic aromatic polymer, is used frequently in dentistry
(17,18). PEEK is non hypersensitive and has low plaque affin-
ity, with a flexural modulus of 140-170 MPa (18,19).Young’s
modulus and tensile properties of PEEK are similar to human
bone, enamel and dentin (20,21). PEEK material is one of the
better esthetic material utilized for the manufacture of re-
movable partial dentures.

The present study was aimed to enhance the flexural
strength of denture base resin by reinforcing it with PEEK
and zirconia. Currently, no literature is available utilizing the
hybrid reinforcement of PEEK and zirconia in acrylic denture
base resin. This in vitro study was done to evaluate the flex-
ural strength of PMMA denture base resin reinforced with
3wt% PEEK, 3wt% Zirconium oxide (ZrO,) and in combina-
tion with 1.5wt% PEEK and 1.5wt% ZrO, The null hypoth-
esis in the study was that there would be no difference in
flexural strength of reinforced denture base resin with 3wt%
PEEK, 3wt% ZrO,and with a mixture of both 1.5wt% PEEK
and 1.5wt% ZrO,when compared to non-reinforced denture
base resin.

Materials and methods

This in vitro study was done in the Prosthodontics De-
partment with technological aid from the Central Institute
of Plastics Engineering and Technology (Bhopal, India)
and the Centre for Scientific Research and Development
(Bhopal, India). A total of sixty specimens were made, with
each group containing 15 specimens. The specimens were
broadly divided into two groups: n=15 control group (C)
and n=45 experimental groups (E). The experimental group
is further divided into 3 subgroups with n=15 specimens
each (Figure 1).

| TOTAL SPECTMENS |

HEAT CURE
ACRYLIC RESIN
(n =60)
CONTROL EXPERIMENTAL
GROUP (C) GROUP (E)
=15 o= 45
RUINPORCED | REINFORCED | WITH 15% PEEK
WITH 3% ZrO, WITH 3% PEEK AND 1.5%ZrO,
@ ® ®7)
=15 n=15 | =15

Figure 1. Flow chart depicting distribution of specimens.

Specimen fabrication

Wax specimens with dimensions of (65mm length x 10mm
width x 2.5 mm thickness) were fabricated in a hard plastic
mold according to American Dental Association specifica-
tions No.12 (Figure 2) (22).

Figure 2. The three piece standardized mold.

The middle part of the mold was assembled over the low-
er part and petroleum jelly (Unilever, Mumbai, India) was
applied. The mold was filled with the softened modelling
wax (DPI, Mumbai, India). The cover plate was positioned in
place and tightened with the screws to eliminate the extra
wax. After some times, as the wax solidifies, the cover plate
was unscrewed and the surplus wax was eliminated with
a Bard Parker blade (Sigma Aldrich, New Delhi, India). The
wax specimens were retrieved from the mold. The wax spec-
imens, which were uniform in all dimensions, were taken
for flasking and distorted specimens were eliminated. The
specimens were invested in dental stone (Kalrock, Kalabhai,
Mumbai, India) in flasks and allowed to set for 1h (Figure 3).

The flasks were kept in the dewaxing unit for 8 min and
then opened and any residual wax was flushed by spraying
with hot water. The mold was coated with separating me-
dium (Coe-Sep, GCAcro-Sep, Europe).The required amount
of PMMA, ZrO, and PEEK required to be mixed with acrylic
resin was measured with an electronic balance having preci-
sion of up to three decimal places.



Resin reinforced with nanoparticles

63

Figure 3. Wax specimen positioned in the mold.

Control group specimens

Control group specimens were fabricated with heat cure
PMMA resin(Trevalon HI, Dentsply, Mumbai, India) incorpo-
rated in the ratio of 21 g polymer:10 ml monomer.

Experimental group specimens

PEEK group (P) specimens were fabricated with 3wt%
PEEK (Vivtrex PEEK, Padmini Innovative Marketing Solution
Pvt. Ltd. Mumbai, India)in ratio of 0.630g PEEK:20.370g
polymer:10 ml monomer. Zirconia group (Z) specimens
were fabricated with 3wt% ZrO, powder(Yttria stabilized
zirconia nanopowder, Nanosheel Creating Miracles in black,
Willmington DE, USA) in a ratio of 0.630g Zr0,:20.370g
polymer:10 ml monomer. For specimen fabrication of a
combination group of PEEK and ZrO, (P-Z), 1.5wt% PEEK
and 1.5 % ZrO, powder in a ratio of 0.315g PEEK:0.315g
Zr0,:20.370g polymer:10 ml monomer was used (Figure 4).
A uniform mixture of the PEEK/ZrO,/combinations within
the acrylic powder was obtained with a blender running at
a speed of 400 rpm for 30 min.

Figure 4. Zirconium oxide and PEEK powder.

Processing of specimens

Specimens were packed in the mold in the dough stage and
the flask closed together. The packed flasks were kept under a
hydraulic press (Mestra 48150 Sondika-Bilbao, Spain) applying
a pressure of 14MPa for 30min. Conventional heatcure polym-
erization procedure was carried out for these packed spec-
imens under a water bath for 9 h [(7 h/74 oC (+3°C) followed
by 2 h/95°C(+3°C)]. After completion of the curing cycle, flasks
were kept for 30min at room temperature for cooling, followed
by cooling for 15mins under running tap water. The flasks were
opened and specimens were retrieved. Finishing of specimens
was done followed by polishing with silicon carbide paper of
different grids (1000, 800, and 600 coarseness) (Figure 5). All
the specimens were stored in an incubator containing distilled
water for 48h at 37°C + 1°C. To check the uniform dimensional
accuracy in all the specimens, digital vernier calliper was used
to measure at three different areas with a tolerance of not more
than 0.2mm dimensional discrepancy.

Figure 5. Fabricated specimens.

Three-point bending test

The specimens were placed under universal testing ma-
chine (Instron Corporation, Canton, MA, USA) (Figure 6) for
3-point bending test and flexural strength was evaluated at a
crosshead speed of 2 mm/min. The fracture load (peak load)

'

Figure 6. Specimen under 3-point bending test.
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Figure 7. Box plot showing flexural strength at maximum load
of samples in different groups.

for each specimen was evaluated and converted to flexural
strength by using the formula S = 3PL/2bd Where S=flexural
strength (N/mm?2); P=load at fracture; L= distance between
jig supports; b =specimen width; d=specimen thickness.

Statistical analysis

The data obtained was subjected to statistical analysis
using Statistical Package for the Social Sciences (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, Version
20.0. Armonk,NY:IBM Corp.).The statistical analysis was done
using one-way analysis of variance (ANOVA), and the inter-
group comparison was done using Tukey’s post hoc analysis.
A P-value<0.05 was considered statistically significant. The
confidence interval was set at 95%.

Results

The mean flexural strength of the control group and ex-
perimental groups were presented in Table 1. The mean
flexural strength of the experiment groups was significantly
higher (P<0.05) than the control group. The mean flexural
strength was maximum with a mixture of 1.5wt% PEEK and
1.5wt% ZrO, (98.73MPa) followed by 3% PEEK (86.22 MPa)
and 3%ZrO, (84.48 MPa). The mean flexural strength was
least in the control group (74.86MPa) (Fig 7). One-way ANO-
VA revealed a highly significant (P<0.01) difference among
the groups. Pairwise comparison among groups showed a
significant difference (P<0.05) among all the groups except

Table 1: One way ANOVA for flexural strength of different groups.

in between the 3% PEEK group and 3% zirconia group, where
no significant difference was found (P=0.406) (Table 1).

Discussion

The null hypothesis was rejected. Polymethylmethacrylate
dentures are vulnerable to fracture while use or when acci-
dentally dropped onto any hard surface due to their flexural
fatigue on a time (9). Flexural fatigue generally happens due
to continuous flexing of dentures which leads to the develop-
ment of microcracks in the stress concentration area. Midline
cracks are a typical issue for patients with maxillary complete
dentures, due to cyclic disfigurement resulting in flexural fa-
tigue (23). Despite the recent trend of incorporating ceramic
fillers and composite materials into denture base resins, it is
required to understand the effects of hybrid reinforcement of
PEEK and zirconia in denture base resins. Muhsin et al.(24) de-
termined the mechanical properties of PEEK polymer when
used as a denture material in their study and found PEEK ma-
terial to be a resistant material to notch concentration. They
stated that if PEEK material is used for denture frameworks
having notches at labial or buccal frenum, in these condi-
tions too they are less prone to fracture. When used in elastic
region PEEK has increased tensile strength with less plastic
deformation compared to PMMA. In the present study, an in-
crease of flexural strength (86.2MPa) by 15.17% was present
with PMMA filled with PEEK filler which was more compared
to the control group (74.8 MPa). PEEK can be advantageous in
reducing stress concentration at notches for labial or buccal
frenum, if incorporated as nanoparticles in denture bases.

Zidan et al.(25) had analysed the flexural strength of high
impact heat-polymerised PMMA resin incorporating various
concentrations of ZrO, nanoparticles (1.5%, 3%, 5%, 7%, and
10wt%).They found that the inclusion of ZrO, nanoparticles
in PMMA resin had gradually increases the flexural strength
up to 3 wt% and after that the flexural strength decreases at
higher concentrations when compared to the control group.
There was a 15% significant increase in flexural strength and
it was highest in the group having 3 wt% ZrO, (83.5 MPa)
when compared to the control group (72.4 MPa). Filler con-
centration at 3wt% seems to increase the flexural strength.
Specimens with high filler concentration causes more fill-
er-to-filler interactions compared to matrix-to-filler inter-
actions and forms an agglomeration causing non uniform
stress distribution due to forming a point of stress concentra-
tion (26). In the present study, a similar result was found with
an increase of 12.85% in flexural strength when PMMA was
strengthened with 3wt % ZrO, (84.4 MPa) in comparison to

Group n Mean (MPa) SD F ratio Pvalue Tukey’s post hoc analysis
Control group (C) 15 74.86 1.74 P;<0.05*%

o 7 . P,<0.05*%
3wt% Zirconia group (2) 15 84.48 1.34 L

<0.
3wt% PEEK group (P) 15 86.22 178 46.868  <0.0001 ,,34= gl
Hybrid reinforcement of 1.5wt% zirconia P5<0.05%
1 7 497

1.5wt% PEEK group (P-Z) > 9873 2 P<0.05*%

*P value<0.05 was considered statistically significant. ANOVA=Analysis of variance; P1= between group C and group Z; P2= between group C and group P;
P3= between group C and group P-Z; P4= between group Z and group P; P5= between group Z and group P-Z; P6= between group P and group P-Z
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the control group (74.86 MPa) and the difference obtained
was statistically significant. Zirconium oxide as nanoparti-
cles has a large interfacial area which enhances the contact
points in between the PMMA and ZrO,, thus promotes addi-
tional mechanical interlocking and with more flexibility (27).
Sirandoni et al. (28) in a 3D finite element analysis, eval-
uated the biomechanical properties of various framework
materials used for fabrication of implant supported mandib-
ular fixed prosthesis. They favoured zirconia material over
PEEK and PMMA as a framework material. Muhsin et al.(24)
found in their study that PEEK had a higher tensile strength
than PMMA and could be preferred for fabrication of den-
ture in the near future. Thus, we reinforced both ZrO, and
PEEK into PMMA to incorporate the qualities of both the
materials. Gad et al.(29) in their study reinforced the PMMA
resin with ZrO, nanoparticles and glass fibers (GFs) in differ-
ent concentrations and found increased flexural strength of
group with 2.5% ZrO, + 2.5% GFs by45% compared to that
of non-reinforced PMMA. The increase in flexural strength
was possible because of the synergistic effect of ZrO, and
GFs. In present the study, the hybrid reinforcement of PEEK
and ZrO,(1.5wt% PEEK and 1.5wt% ZrO,) in PMMA was done
and a 31.88% increase in flexural strength (98.73MPa) was
found compared to non-reinforced PMMA. In the present
study maximum flexural strength found in the hybrid group
which may be due to the synergistic effect of PEEK and ZrO,.
In this study, to enhance the mechanical bonding of the
PEEK and zirconia with PMMA, the powders were mixed with a
blender running at a speed of 400 rpm for 30 min. This process
helps in achieving an even distribution of the PEEK/ZrO, com-
binations within the acrylic powder. This helps in better bond-
ing and reducing the agglomeration tendency in the mix and
thus helps in reducing the points of stress concentration (29).
No difficulty was encountered during the finishing and
polishing of the specimens and a well-polished surface was
obtained with the specimens of all the groups. The shade ob-
tained with the ZrO, group has a more whitish appearance
when compared to other groups. The shade obtained with the
PEEK group was almost similar to the control group. The shade
obtained with the PEEK-ZrO, group was slightly whiter com-
pared to the control group but seems esthetically acceptable.
One of the basic requirements for a successful denture is
flexural strength, which should be enough to prevent cat-
astrophic failure under loading (20,30,31). A completely
polymerized acrylic resin has better mechanical properties
(32,33).The increased flexural strength indicates the quality
of polymerization and suggests that the denture can resist
the applied forces. In the present study, the overall result
showed that the flexural strength of hybrid reinforced PEEK
and zirconium oxide with denture base material has high-
er flexural strength than PEEK and zirconia individually with
denture base material. The hybrid reinforcement might be
helpful in bruxism patients, and in patients with resorbed
ridge who are more prone to denture fractures. In patients
with prominent anterior maxilla, the hybrid dentures can
be given with thinner flanges as an alternative to flangeless
denture with acceptable esthetics and at an affordable cost.
The limitation of the present study is that the study is in-vi-
tro which is commonly performed to predict the behavior
of materials in the clinical setting, but it would have provid-
ed further information if thermo-cycling would have been

done to better simulate the oral conditions. Further research
simulating the oral conditions is required to investigate the
performance of this material in present and other possible
combinations to find out whether they had any effect on
other mechanical and physical properties of the denture
bases. Scanning electron microscope study should be done
to find the surface characteristics, distribution of nanoparti-
cles in the mixture and to check for porosities and formation
of agglomerates at the fracture site.

Conclusion

Hybrid reinforced PEEK and zirconia could be used as an
effective reinforcement material for denture base resin. Hy-
brid PEEK and zirconia reinforced resin can be an alternative
treatment option in patients with heavy occlusal forces and
for patients who have previous experience of multiple den-
ture fractures. Further studies are required to test the per-
formance of this combination in fatigue testing and cyclic
loading to establish the result of the present study.

Tiirke Ozet: Polietereterketon, zirkonyum oksit ve karngiminin
nanoparcaciklar ile gliclendirmenin polimetilmeytakrilat recinenin
egilme mukavemeti lizerindeki etkisi. Amag: Polimetilmetakrilat protez
kaideleri kinlmaya egilimlidir, bu nedenle protezlerin nanopargaciklarla
gliclendirilmesi gerekebilir. Bu in vitro ¢calisma, polietereterketon (PEEK),
zirkonyum oksit (ZrO2) ve karisiminin nanoparcaciklari ile takviyenin
polimetilmetakrilat reginenin egilme mukavemeti lizerindeki etkisini
degerlendirmek icin yapilmistir. Gereg ve yéntemler: 65 mm x 10 mm X
2.5 mm élciilerinde toplam 60 akrilik recine numunesi iiretildi. Ornekler
her grupta on bes érnege [kontrol grubu (C), agirlikca %3 PEEK grubu
(P), agirlik¢a %3 zirkonya grubu (Z) ve adirlik¢a %1.5 PEEK ve adirlikca
%1.5 ZrO2 grubu (P-Z) hibrit grup.)]. Numunelerin egilme mukavemeti,
evrensel test makinesinde li¢ nokta egme testi kullanilarak degerlendi-
rildi. istatistiksel analiz, tek yénlii varyans analizi (ANOVA) kullanilarak
yapildi ve gruplar arasi karsilastirma, Tukey'nin post hoc analizi kul-
lanilarak yapildi. Bulgular: En yiiksek ortalama egilme mukavemeti
grup P-Z'de (98.73 MPa), ardindan grup P'de (86.22 MPa) ve grup Z'de
(84.48 MPa) bulundu. En az ortalama egilme mukavemeti kontrol
grubundaydi (74.86MPa). Tek yénlii ANOVA, gruplar arasinda anlamli
(P<0.01) bir fark ortaya koydu. Gruplar arasinda ikili karsilastirma, an-
lamli bir farkin bulunmadigi P ve Z gruplani disinda (P=0,406) tiim gru-
plar arasinda anlamli bir fark gésterdi (P<0,05). Sonug: Hibrit takviyeli
PEEK ve zirkonya, protez kaidesi reginesi icin etkili bir takviye materyali
olarak kullanilabilir. Hibrit PEEK ve zirkonya ile gliclendirilmis recine,
yliksek okliizal kuvvetleri olan hastalarda ve daha énce ¢oklu protez
kingi deneyimi olan hastalarda alternatif bir tedavi secenedi olabilir.
Anahtar Kelimeler: egilme mukavemeti, nanopartikiiller, polimetilme-
takrilat, polietereterketon, zirkonya
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Evaluation of the relationship between tooth decay and
trabecular bone structure in pediatric patients using fractal

analysis: a retrospective study

Purpose

The movement of chewing affects the growth and development of the
stomatognathic system. Tooth decay, which is known to have effects on chewing,
can affect the jaw bone due to its indirect effect on the mechanical forces
transmitted to the jaw bone. This study aimed to evaluate the relationship between
dental caries and jawbone trabeculation during the growth and development
processes in children using fractal dimension (FD) analysis.

Materials and Methods

A total of 120 patients were divided into three groups. The groups were determined
as follows: group 1: 40 patients without deep dentin caries/apical rarefying osteitis,
group 2: 40 patients with deep dentin caries/apical rarefying osteitis on the right or
left sides, and group 3: 40 patients with deep dentin caries/apical rarefying osteitis
on both the right and left side. Digital panoramic images of the selected patients
were evaluated using FD analysis.

Results

There was no statistically significant difference in the FD analysis among the groups
(p>0.05). Age and sex factors were not found statistically significant in the in-group
evaluation (p>0.05). In group 3, FD values of the right condyle (r= -0.42, p<0.05),
right ramus (r= -0.37, p<0.05) and left ramus (r= -0.45, p<0.05) were negatively
correlated with age.

Conclusion
There is no relationship between tooth decay and trabeculation of the jawbone in
children aged 8-13 years.

Keywords: Bone, dental caries, fractals, mandible, radiology
Introduction

Tooth decay is one of the most common public health problems in
childhood. It may cause discomfort, pain, decreased quality of life, and
changes in chewing patterns in children (1,2). Chewing is a developmen-
tal function that matures through experience. Childhood is very import-
ant for performing mastication skills. Proper chewing function stimulates
the development of the maxilla and mandible (3).

It is known that individuals may have a preference for the chewing side
to improve comfort and chewing efficiency (4). Changes in chewings pat-
tern may be due to tooth decay, which causes pain and decreases the
occlusal contact area. With the mechanical stimulus caused by chewing,
pain in a decayed tooth decreases chewing performance and the max-
imum chewing force (2). Decerle et al. (5) reported that untreated den-
tal caries decreased chewing performance in adults by reducing the in-
ter-arch occlusal contact area. Barbosa et al. (6) reported that there was a
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positive correlation between the number of decayed teeth
and median particle size, as represented by the degree of
fragmentation of a test food after chewing. The degree of
fragmentation of the food was determined by sieving. An in-
crease in the number of decayed teeth decreased chewing
performance.

Changes in occlusal forces cause microscopic and macro-
scopic changes in jawbones. Trabecular bone architecture
has a suitable structure for load-bearing functions (7). Tra-
becular bone is more determinant in evaluating changes
in bone structure because it has a higher metabolic ac-
tivity compared with cortical bone (8). Fractal dimension
(FD) analysis measured on digital panoramic radiographs
(DPRs) is a way to measure to determine early periodontal
problems in the alveolar bone and mandibular trabecular
architecture (9). The popularity of FD has increased in re-
cent years, it offers features such as easy to access, provid-
ing objective data about trabecular structures, not being
affected by variables such as radiologic density, and pro-
jection geometry (10,11). FD analysis can be performed us-
ing the existing DPR of patients without the need for extra
imaging and materials (12).

Underlying peripheral sensorimotor pathways mature as
oral motor skills mature in childhood (13). It is important to
understand the effects of dental caries on the jawbone to
ensure the correct growth and development of the stomato-
gnathic system because the growth and development pro-
cess adapts to functional models. The purpose of this study
was to assess the relationship between dental caries and
jawbone trabeculation using FD analysis in children in the
growth and development periods. The null hypothesis was
that there would be no difference among the non-carious
group, the unilateral carious group, and the bilateral carious
group in the mandibular trabecular FD values.

Materials and Methods
Ethical statement

This study has been reviewed and approved by the Recep
Tayyip Erdogan University Clinical Studies Ethics Committee
(2020/127).

Patient selection

DPRs of systemically healthy patients aged 8-13 years who
presented to Recep Tayyip Erdogan University, Faculty of
Dentistry Pediatric Dentistry Department between 01.2018
and 04.2020 were scanned retrospectively. To exclude
changes that might occur in the bone and chewing pattern
during tooth eruption, patients with first molars whose root
development was completed and unerupted second mo-
lars were included in the study. Patients with disorders of
temporomandibular joint, those exposed to trauma in the
area to be measured, any systemic disease, who received or-
thodontic treatment in the last 2 years/had ongoing ortho-
dontic treatment, parafunctional habits in their anamnesis,
unilateral/bilateral cross-bite were not included in the study.
Also, radiographs with errors that might affect the diagnos-
tic capacity such as patient movement and positioning error
were not included in the study.

Patients who met the inclusion criteria were divided into
three groups according to the following conditions in their
permanent first molar teeth:

-Patients without apical rarefying osteitis / deep dentin
caries (the non-carious group) (Group 1),

-Patients with apical rarefying osteitis / deep dentin car-
ies on the left or right sides (the unilateral carious group)
(Group 2),

-Patients with apical rarefying osteitis / deep dentin caries
on both the left and right side (the bilateral carious group)
(Group 3),

Four hundred DPRs were investigated; 120 of the radio-
graphs that met our inclusion criteria were included in the
study. Forty eligible patients were randomly selected for
each group, with equal numbers of boys and girls. DPRs of
the patients were obtained at 66 kVp, 8 mA, 16.6 seconds
using a Planmeca Promax 2D S2 device (Planmeca Oy; Hel-
sinki, Finland).

Evaluation of Images using Fractal Dimension Analysis

Images were evaluated by a dentomaxillofacial radiologist
(D.N.G.). DPRs were recorded in TIF (high-resolution option)
format to ensure standardization of the images and adjusted
to 2836 x 1500 pixels. The Imagel) (V.1.53) software (Nation-
al Institutes of Health, Bethesda) bundled with 64-bit Java
for Windows was used for the FD analysis of the images. FD
analysis was performed on DPRs, which was transferred to
the ImageJ program (National Institutes of Health, Bethes-
da), and three regions of interest (ROI) of 15 x 15 pixels were
determined for each patient with the antegonial notch in
the left and right hemi-mandible, the condyle, and in the
center of the ramus (Figure 1).

Figure 1. Selection of the ROls on DPRs.

The ROIs were evaluated by one dentomaxillofacial radiol-
ogist with 6 years of experience (D.N.G.). The copied ROl was
blurred using the ‘Gaussian Blur’filter. With this option, bright
areas caused by changes in soft tissue and bone thickness
became blurred and were removed from the original image.
Then, using the “Make Binary” option, the image was con-
verted to black and white and the borders of the trabecular
structure and cortical bone were clarified. Image noise was
reduced by using the ‘Erode’ option. With the “Dilate” option,
the generations were extended and clarified. The “Invert” but-
ton makes the white areas were converted to black and the
black areas to white. Thus, the borders of the trabecular bone
became clear. Finally, by selecting the ‘Skeletonize’ option, the
trabecular structure was converted into a skeleton structure
format. Images were prepared for FD analysis. Using the “Frac-
tal Box Counter,"the measurements were divided into squares
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of 2,3,4,6,8,12, 16, 32, and 64 pixels. the total number of
frames and the number of frames containing the trabecular
structure were calculated for different dimensions. The num-
ber of frames containing the total number of frames and the
trabecular structure were calculated for different dimensions.
The values were transferred to a logarithmic scale automati-
cally and the slope of the curve fitting the points on the graph
gave the result of the FD measurement (Figure 2).

The kappa coefficient was used to calculate the intra-ob-
server correlation coefficient. For this purpose, 20 patients
were randomly re-measured 2 weeks later.

15 2.0 2.5 in 15 4.0
5] [Dax SI2E)

Figure 2. Steps of FD analysis: Top row left to right respectively;
cropped and duplicated ROI, gaussian blur, subtracted blurred
image from the original image, addition of a gray value of 128
to each pixel location. Bottom row from left to right respectively;
erosion, dilatation, inversion, skeletonization. b. FD analysis
with the box-counting method.

Statistical analysis

Post-hoc power analysis was performed with the G*Power
3.1.0 software package (Universitat Dusseldorf, Germany) to
determine the number of patients to include in the study. For
statistical analysis, the SPSS Statistics 23.0 (SPSS, Chicago, IL,
USA) program was used. The age, sex, and distribution of the
patients were analyzed using descriptive statistical methods.
The suitability of the variables to normal distribution was evalu-
ated using the Kolmogorov-Smirnov/Shapiro-Wilk tests. Mean
and standard deviation were used for variables with normal
distribution, and median and range values were given for vari-
ables that did not show normal distribution. The paired-sam-
ples t-test was used for measuring data independent groups
with parametric distribution, and the independent samples
t-test was used in independent groups. Data of non-parametric
distributed dependent groups were assessed using the Wilcox-
on test, and independent groups were evaluated using ANOVA
and the Kruskal-Wallis test. The relationship between FD analy-
sis and age was calculated using Spearman’s correlation analy-
sis. The statistical significance level was accepted as p<0.05.

Results

The null hypothesis was accepted. The post hoc power
was calculated as 0.16 (noncentrality parameter: 1.42, critical
F: 3.07, 1-b error probability: 0.83, effect size: 0.109). It was
determined that 8 of the 120 patients were aged 9 years, 26
were aged 10 years, 32 were aged 11 years, 39 were aged 12
years, and 15 patients were aged 13 years. The mean ages of
60 female and 60 male patients were 11.20 £ 1.11 and 11.25
+ 1.14 years, respectively.

The relationship between sex and FD is shown in Table 1.
The Total FD values were found to be the highest in the con-
dylar region and the lowest in the gonial region. However,
there was no significant difference between right, left, and
total FD values and sex (Table 1). In Table 2, the relationships
between group 1, group 2, and group 3 FD values are eval-
uated. No statistically significant difference was observed
among the average FD values and the groups.

The correlations between the FD values and the age of
patients in groups 1 and 3 are presented in Table 3. No re-

Table 1: The relationship between gender and FD values of regions.

Female Male Total
ROI p
Mean+SD Med (Min-Max) Mean+SD Med (Min-Max) Mean+SD Med (Min-Max)

Right condyle 1.44+0.08 146 (1.14-1.56) 1.43£0.10 1.45 (1.20-1.79) 1.44+0.09 1.46 (1.14-1.79) 0.517°
Right gonial 1.37£0.09 136 (1.14-1.54) 1.36+0.12 1.38 (1.03-1.69) 1.37+0.11 1.37 (1.03-1.69) 0.705°
Right ramus 1.35+0.16 141 (1.03-1.56)  1.36+0.14 1.37 (1.04-1.59) 1.36+0.15 137  (1.03-1.59)  0.906°
Left condyle 1.43+0.10 1.46 (1.12-1.59) 1.42+0.09 1.42 (1.11-1.56) 1.43+0.10 1.43 (1.11-1.59) 0.7152
Left gonial 1.35+0.12 137 (1.09-1.59) 1.32+£0.12 1.33 (1.00-1.54) 1.34+0.12 134  (1.00-1.59)  0.125°
Left ramus 1.37+0.11 1.38  (1.05-1.56) 1.35+0.13 1.38 (1.02-1.55) 1.36+0.12 1.38 (1.02-1.56) 0.446°
Total condyle 1.44+0.09 146 (1.12-1.59) 1.43+£0.09 1.44 (1.11-1.79) 1.43£0.09 1.45 (1.11-1.79) 0.399°
Total gonial 1.36+0.11 1.36  (1.09-1.59) 1.34+0.13 1.34 (1.00-1.69) 1.35+0.12 1.36 (1.00-1.69) 0.164°
Total ramus 1.36+0.14 138 (1.03-1.56) 1.35+0.13  1.37 (1.02-1.59) 1.36+0.14 138  (1.02-1.59)  0.692°

Med: Median; FD: Fractal dimension; SD: Standard deviation; Min: Minimum, Max: Maximum; a Mann-Whitney U; b Independent samples t-test
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lationship was found between the FD values of group 1 and
age. However, a negative correlation was found between
FD values and age in group 3 for the right condyle (r=-0.42,
p<0.05), right ramus (r= -0.37, p<0.05), and left ramus (r=
-0.45, p<0.05).

The variability in the FD values of the study groups deter-
mined according to the presence of dentin caries is evalu-
ated in Table 4. It was observed that the FD values of each
group in the condyle area were higher than the other re-
gions; however, no statistically significant relationship was
found. In addition, no significant difference statistically was
present among the right, left, and total FD values and sex.
Intra-observer correlation coefficients were found to be ex-
cellent (k>0.75).

Discussion

Biologic changes occurring in hard tissue are affected by
mechanical forces. One of the most important features of
the internal structure of living bones is the ability to adapt to
the mechanical forces to which they are exposed. Trabecular
bone architecture is optimally structured for load-bearing
function and bone grows in response to applied mechan-
ical force (7). As with the entire skeletal system, trabecular
and alveolar cortical bone also has a continuous remodeling
cycle. Given that the occlusal forces generated during chew-
ing are transmitted to the jawbones through the tooth, it is

expected that trabecular bone tissue properties change in
response to mechanical force. In our study, the effect of the
presence of dental caries on the jawbones in children aged
8-13 years was evaluated retrospectively using FD analysis,
which is an objective evaluation method.

Motor control of chewing is provided by inter-arch occlu-
sal contact, the temporomandibular joint, dental pulp, and
periodontal receptors (14,15). Accordingly, any situation
that affects the tooth structure and position may affect the
chewing system (5). Tooth decay is the most common oral
health problem (2). If tooth decay is not treated, it can lead
to pulpal and periapical infection and tooth loss. Kaya et al.
(2) examined the relationship between chewing and tooth
decay and reported that the presence of tooth decay led to
a decrease in occlusal contacts due to cavitation formation
and decreased chewing performance. De Morais et al. (16) re-
ported that children with higher dmft/DMFT scores had larg-
er median particle sizes, thus lesser chewing performance.
Similarly, Su et al. (17) showed that there was a relationship
between tooth decay and chewing performance and chew-
ing cycles in preschool children. It is known that children can
develop behaviors such as increased chewing time, a unilat-
eral chewing pattern, refusing certain foods, and turning to
softer foods in the presence of tooth decay (13).

FD is a mathematical analysis method with which irregular
and complex body structures can be evaluated. FD analysis
can be viewed as a measure of the disorder of many physi-

Table 2: Comparisons of the study groups in terms of ROl values.

Bilateral Carious

Non-Carious

Unilateral Carious

ROl F'I\)n-i_e-:g Median (Min-Max) F,\I:eta:D Median (Min-Max) Fl\ll;eiasr:) Median (Min-Max) palue
Right Condyle 1.43£0.09 145 (1.14-1.58) 1.45+0.07 1.46 (1.22-1.56)  1.43+0.11 146  (1.11-1.79) 0,661°
Right Gonial 1.36+£0.10 1.36 (1.03-1.54) 1.37+0.10 1.37 (1.14-1.54)  1.34+0.11 133 (1.11-1.69) 0,655°
Right Ramus 136+0.15 138  (1.04-1.59) 1.36+0.16 1.42 (1.03-1.56)  1.34+0.15 135 (1.02-1.56) 0,670°
Left Condyle 1.41+0.11 1.42 (1.12-1.59) 1.44+0.08 1.47 (1.24-1.57)  1.44+0.08 145  (1.22-1.59) 0,645°
Left Gonial 132+0.12 134  (1.00-1.56) 1.37+0.13 1.40 (1.09-1.59) 1.35+0.13 137  (1.03-1.55) 0,181°
Left Ramus 1.36+0.12  1.37 (1.05-1.56) 1.37+0.11 1.39 (1.13-1.56)  1.36+0.11 137  (1.05-1.56) 0,938°
Total Condyle 1.42+0.10 143 (1.12-1.59) 1.44+0.08 1.46 (1.22-1.57)  1.43%0.10 145  (1.11-1.79) 0,429°
Total Gonial 1.34+0.11 1.35 (1.00-1.56) 1.37+0.11 1.39 (1.09-1.59)  1.35+0.12 134 (1.03-1.69) 0,291°
Total Ramus 1.36+0.14 137  (1.04-1.59) 1.36+0.14 1.40 (1.03-1.56)  1.35+0.14 137  (1.02-1.56) 0,807°

FD: Fractal dimension; SD: Standard deviation; Min: Minimum, Max: Maximum; a Kruskal-Wallis test; b One-way ANOVA

Table 3: Correlation between FD values and age of patients.

Bilateral carious Non-carious
ROI
Mean FD£SD Med (Min-Max) r p-value Mean FD+SD  Med (Min-Max) r p-value

Right Condyle 1.43+0.09 1.45 (1.14-1.58) -0.42 0.007* 145+0.07 1.46 (122-1.56) 0.04 0.786
Right Gonial 1.36+0.10 1.36 (1.03-1.54) -0.24 0.132 1.37+0.10 1.37(1.14-1.54)  0.22 0.168
Right Ramus 1.36+0.15 1.38 (1.04-1.59) -0.37 0.017* 1.36+0.16 1.42(1.03-1.56) 0.04 0.787
Left Condyle 1.41£0.11 1.42(1.12-1.59) -0.27 0.092 1.44+0.08 1.47 (1.24-1.57)  -0.11 0.475
Left Gonial 1.32+£0.12 1.34 (1.00-1.56) -0.10 0.504 1.37£0.13 1.40(1.09-1.59) -0.02 0.865
Left Ramus 1.36+0.12 1.37 (1.05-1.56) -0.45 0.004* 1.37+0.11 1.39(1.13-1.56) 0.18 0.268

FD: Fractal dimension; SD: Standard deviation; Min: Minimum, Max: Maximum; r: Spearman’s correlation coefficient; * p<0.05; statistically significant




Tooth decay and trabecular bone

71

“
i
S
o
£
o
=
)
o<
N
(e}
g
=
Y
“
N
Q
v
=
L
>
&=
s
S
)
S
8
S
e
)
)
S
=
wv
)
=
S
o
S
=
N
Q
o
=
o
=
=
v
o
2
<
[%)
<
2
=
3
%)
oc
<T
=
K]
[

Total NC

Total C

NC-M

NC-F

Cc-M

CF

ROI

Mean+SD Median MeaniSD Med

MeantSD Med

Med
1.42

1.35
1.36
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Med MeantSD Med

MeanzSD

0.525¢
0.914¢

1.45
137
1.37

1.44+0.08
1.35+0.13
1.36+0.11

1.46

1.

1.43%0.11
1.34+0.11

146 0.412°

1.45+0.08
1.35+0.14
1.38+0.12

1.42+0.09
1.36+0.13
1.35+0.11

0.6982
0.327°
0.847°

1.48

1.43+0.10

142
1.32
1.35

1.43+0.12

1.33+0.11

Condyle

33

0.887°
0.265°

1.39

135
1.35

1.36+0.12
1.33+0.17

Gonial

Unilateral carious

0.490¢

1.35

1.34+0.15

2

1.4

1.34+0.14

Ramus

Total L

Total R

R-F

0.519¢

1.42
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1.40
1.39
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1.36+0.15
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1.37£0.10

1.36+0.10
1.36+0.15
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1.47
1.41

1.

1.34+0.12
1.44+0.10

1.37+0.13
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1.44+0.09
1.37+0.13
1.37£0.11

1.43+£0.07
1.34+0.11
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1.44+0.06
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1.38+0.16

1.46+0.08
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1.37£0.11

0.311°
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1.36+0.16

0.936°
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Right: R; Left: L; Carious: C; Non-carious: NC; Female: F; Male: MSD: Standard deviation; FD: Fractal dimension; a Mann-Whitney U test; b Independent samples t-test; c Wilcoxon signed sequence test; d Paired samples t-test

cal processes. When the examined body structure becomes
complex, the FD value increases and decreases when it be-
comes simpler (18). FD analysis is a non-invasive method,
obtained through quantitative analysis of processed images.
Standardization of the obtained images is of great impor-
tance for the accuracy of the method (19). In recent years, FD
analysis has been used in many studies investigating bone
structures (12,18-20). In this study, standardized digital pan-
oramic radiography images were used. Trabecular bone is
more determinant in evaluating changes in bone structure
because it has a higher metabolic activity compared with cor-
tical bone (21). For this reason, we were cautious to include
no tissue other than trabecular bone in the ROIs determined
in our study. Also, because age-related factors have a great
effect on the structure of trabecular bone, the age range was
kept narrow (18). Yasar and Akgtinli (7) used FD analysis to
investigate differences in the trabecular structure of toothed
areas and edentulous regions. According to their results, the
low FD values of the toothed areas correlated with the fact
that these regions had a more organized trabecular structure
to resist the mechanical force transmitted to the jawbone via
the teeth (7). By contrast, in a study in which Wilding et al.
(22) evaluated toothed areas and edentulous regions using
FD analysis, the authors emphasized that the FD values of
the toothed regions were higher than the toothless regions.
However, traditional radiographs and dried mandibles were
used in this study. In patients with unilateral caries, it can be
expected that the trabecular structure would change due to
the decrease in the chewing efficiency and the force trans-
mitted to the jawbone due to the decrease in the inter-arch
occlusal contact area on the carious side, a change in the
trabecular structure, and lower FD values in the non-carious
area compared with the carious area. Statistically, no signifi-
cant difference was found between the FD values of the ROIls
determined on the right and left in this patient group in our
study. The reason for this situation could be that the changes
in chewing performance as a result of caries were not intense
enough to change bone trabeculation.

Gulec et al. (18) evaluated the trabecular bone formation
in the jawbone in patients with and without bruxism using
FD analysis performed on digital panoramic radiographs.
According to their results, the FD values of bruxers were low-
er than in the non-bruxer group. This was attributed to the
resorptive changes that occurred due to the excessive forces
transmitted to the jawbone. The authors also reported that
the reason for achieving a statistically significant result only
on the right side in the bruxer group might be the unilateral
chewing pattern that developed due to the larger amount
of caries and/or restorations on the left sides of the patients.
In our study, no statistically significant difference was found
when the FD values of the determined ROlIs of the individ-
uals with and without caries on both sides were compared.
However, bruxism is a condition characterized by excessive
activity of masticatory muscles, so the force transmitted to
the jawbone is greater (23). Although the maximum force
and application time applied in patients with bruxism are
higher, the applied force and application time is lower with
normal chewing, and the maximum bite force is generally
not used during usual chewing (24,25). The force applied to
the posterior during chewing is 2-12 kg (20-120 N) depend-
ing on the type of food in healthy individuals, whereas this
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value can reach up to 22-26 kg (220-260 N) in bruxism (25).
It is also known that children aged 8-11 years have lesser
chewing performance (26). The force transmitted to the jaw-
bone during normal chewing in children may not cause any
changes in trabeculation. However, because the chewing ef-
ficiency increases with age, the relation of average FD values
of group 3 with age was found statistically significant in our
study. A negative correlation was found between age and
mean FD values in the right condyle, right ramus, and left
ramus regions. No statistically significant relationship was
found between sex and mean FD values.

The lack of clinical examinations is a limitation of this study.
More studies are needed to evaluate the effects of chewing on
growth and development using objective parameters. Another
limitation of this study is that the post hoc power analysis results
were 16%, the results should be evaluated carefully because
the sample size is insufficient. The reason for the low number of
patients obtained in the retrospective screening was the classi-
fication of patients aged 8-13 years only according to the level
of caries in the permanent first molars. The inclusion criteria
depended on many parameters, such as the expectation that
there will be no caries in other teeth and the patient’s systemic
health. For this reason, it can be suggested to enrich the study
by increasing the sample size in new studies.

Conclusion

According to the results of our study, there is no relation-
ship between tooth decay and trabeculation of the jawbone
in children aged 8 to 13 years.

Tiirkce Ozet: Cocuk Hastalarda Dis Ciiriigii ile Trabekiiler Kemik Yapisi
Arasindaki lliskinin Fraktal Analiz Yontemi ile Degerlendirilmesi: Ret-
rospektif Calisma. Amag: Cigneme hareketi, stomatognatik sistemin
blyiimesi ve gelismesi lizerinde etkilere sahiptir. Cigneme (izerine
etkisi oldugu bilinen dis ¢iriigl, cene kemigine iletilen mekanik kuv-
vetler lzerindeki dolayl etkisinden dolayi ¢ene kemigini etkileyebilir.
Bu ¢alismada cocuklarda biiyiime ve gelisme siireglerinde dis ¢lirdigii
ile cene kemigi trabekiilasyonu arasindaki iliskinin fraktal boyut (FB)
analizi yéntemi ile dederlendirilmesi amaglanmistir. Gereg ve Yontem:
Calismaya katilan toplam 120 hasta lg gruba ayrildi. Gruplar; Grup 1:
Derin dentin ¢lir(igl / apikal rarefiye osteiti olmayan 40 hasta, Grup 2:
Sag veya sol tarafta derin dentin ¢irtigii / apikal rarefiye osteiti olan 40
hasta ve Grup 3: sag ve sol tarafta derin dentin ¢iiriiklii hasta / apikal
rarefiye osteit, bulunan 40 hasta olacak sekilde belirlendi. Secilen hasta-
lanin dijital panoramik gériintiileri FB analizi ile degerlendirildi. Bulgu-
lar: Gruplar arasindaki FB analizi istatistiksel olarak anlamli degildi (p>
0.05). Grup ici degerlendirmede yas ve cinsiyet faktérleri istatistiksel
olarak anlamli bulunmadi (p> 0.05). Grup 3'te sag kondil (r = -0.42; p
<0.05), sag ramus (r =-0.37; p <0.05) ve sol ramus (r =-0.45; p <0.05) FB
degderleri ile yas arasinda negatif korelasyon bulundu. Sonug: 8-13 yas
arasi ¢cocuklarda dis ¢lirtigii ile cene kemiginin trabekiilasyonu arasinda
bir iliski yoktur. Anhtar Kelimeler: Dis ctiriikleri, fraktal, kemik, mandib-
ula; radyoloji.
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Skeletal and dentoalveolar dimensions in unilateral impacted
canines: a cone beam computed tomography study

Purpose

To compare skeletal and dentoalveolar measurements of subjects with unilateral
impacted canine versus the non-impacted contralateral side using cone beam
computed tomography (CBCT).

Materials and Methods

30 CBCTs with unilaterally impacted maxillary canines (Buccal=15, Palatal=15) were
selected. Skeletal and dentoalveolar variables (alveolar ridge height of incisors,
dentoalveolar height, angulations of incisors and canines, basal lateral width and
premolar width) were compared between the impacted and the contralateral sides.
Independent t-test was used to compare the variables.

Results

There was a significant difference in the mean basal lateral width between the
impacted (28.25+1.83 mm) and non-impacted (31.64+2.18 mm) sides. Premolar
width was significantly lower on the impacted side (p<0.05). The canines exhibited
significantly greater angulations on the impacted side compared to the non-
impacted side. The basal lateral width was significantly higher in the buccal
subgroup (29.03+1.65mm) compared to palatal (27.48+1.70mm) on the impacted
side. The intra-operator reliability was found to be high (0.99%).

Conclusion

Significant differences were seen in canine angulation, premolar width and basal
lateral width between impacted vs. non impacted sides. Basal lateral width was
higher in buccal impacted cases compared to palatal.

Keywords: Impacted canine, CBCT, skeletal dimensions, diagnosis, orthodontic
treatment

Introduction

An impacted tooth is one that is stopped from erupting into place due
to malposition, lack of space, or other obstructions, according to Mead in
early 1954. Later, Peterson defined impacted teeth as teeth that do not
erupt into the dental arch in the expected period. Farman defined impact-
ed teeth as teeth that are stopped from erupting due to a physical imped-
iment in the eruption route (1, 2). Maxillary canines, after third molars,
are the second most common teeth that are impacted, with prevalence
varying from 1.80% to 3.29%, depending on the demographic studied (3).
According to D'Oleo-Aracena et al. (4), incidence of impacted canine is
more prevalent in females with a ratio of 2:1, and the frequency in the
maxilla is more than double that of the mandible.

The maxillary canine has the longest eruption route of all the teeth, be-
ginning right below the orbit’s floor. It then takes a circuitous route into
the oral cavity, guided by lateral incisor's root. The causative factors of
impacted maxillary canines include maxillary lateral incisor’s aberrant
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morphology, disturbance in the dental lamina of developing
canines, premature development of the canine, and micro-
form of the cleft lip and palate (5).

Palatally impacted canines are two or three times more
common than buccally impacted canines (6). Palatal im-
pactions of canines are frequently associated with the pres-
ence of enough space in the dental arch, whereas most
labial impactions of canines are associated with crowding.
Dental arch space insufficiency was seen in 83% of arches
with labial displacement of maxillary canines, according to
Jacoby (7). Guidance hypothesis and genetic theory are the
two main explanations for the development of an impacted
palatal canine. From a regulatory point of view, local condi-
tions such as the primary canine retention and / or absence,
malformations, or abnormalities of the maxillary lateral in-
cisor contribute to canine eruption (5). Genetic theory, on
the other hand, states that the conflict is caused by genetic
predisposition, and is supported by evidence showing a link
between affected canines and other phenotypic dental vari-
ants of genetic origin, such as the small size of the lateral
incisor crown, lateral incisor agenesis, aplasia of premolars
and third molars, distal dislocation of mandibular second
premolars (8).

The impaction might cause changes in the alveolar bone’s
dimensions or disrupt the dental angulations of surrounding
teeth. Subjects with maxillary canine impactions showed
a transverse maxillary deficit in the anterior section of the
dental arch, according to McConnell et al. (9).

The effect of canine impaction on alveolar maxillary di-
mensions has been evaluated in several studies (4,8,10).
Compared with the unaffected side, Tadinada et al. (10)
found that buccal-palatal width, height of floor of nasal
cavity to alveolar ridge, and dental arch perimeter were sig-
nificantly reduced towards the affected side. Lateral incisor
roots near the affected palatal canines are more angulated
than those of the lateral incisors near canines that erupt nor-
mally, according to Kanavakis et al. (8). On the affected side,
D’Oleo-Aracena et al. (4) found reduced arch width in the
area of the primary premolars and increased distal angula-
tion of lateral incisors.

Cone beam computed tomography (CBCT) imaging is a
precise and reliable method of detecting the exact position
of an impacted tooth as well as measuring alveolar bone
dimensions. In cases of palatally impacted canines of one
side alone, previous investigations examined alveolar bone
widths and heights on the impacted and non-impacted
sides (4, 10). However, none of the investigations have taken
into account canines that have been impacted buccally.

Therefore, this study aims to compare the skeletal and
dento-alveolar dimensions in subjects with maxillary unilat-
eral impacted canines, buccal or palatal versus the unaffect-
ed contralateral side using CBCT. The null hypothesis of the
study was there is no difference in skeletal and dento-alveo-
lar dimensions between impacted vs. nonimpacted side and
buccal vs. palatal sides.

Materials and methods
Study design and sample size estimation

This cross-sectional and retrospective study with a split

mouth design was a multi-centre study. The sample consist-
ed of CBCT's of subjects with unilateral maxillary impacted
canines sourced from the archives of dental diagnostic cen-
tres specialising in CBCT imaging. Sample size calculation
considered a mean difference of 2 mm in premolar width
as clinically significant. A level of significance of 0.05 and
80% power required a sample of 28 sides with impacted
and non-impacted canines each. Therefore, a sample of 30
CBCT’s with unilateral canine impaction was taken for the
study.

Ethical statement

The institutional ethics committee granted the ethical
clearance to this study (IIEC/RP/2019/002).

Study participants

The inclusion criteria for the CBCTs were patient’s age
older than 15 years of both sexes, canines fully calcified,
unilateral maxillary canine impaction, fully erupted contra-
lateral canine and no history of any previous orthodontic
treatment. Points for exclusion included poor image quali-
ty, tooth agenesis evident in CBCT scan, pathologies asso-
ciated with the follicle like enlargement or cystic changes,
CBCT scans demonstrating mesial migration of 1st premo-
lar or distal migration of lateral incisor in impacted canine
position, or any other pathology, dento-alveolar traumas,
maxillary canine transpositions, craniofacial malformations,
bilateral impacted maxillary canines, and patients with mul-
tiple impacted teeth.

30 CBCT scans that fulfilled the selection criteria were
distributed into two separate groups: Group | (Non impact-
ed) and Group Il (Impacted) among which 15 had palatally
impacted maxillary canine (subgroup A) and 15 had buccal
impaction of maxillary canine (subgroup B). Evaluating the
CBCT scans in axial section with lateral incisor and first pre-
molar as reference teeth, position of impacted canine was
determined, that is, buccal or palatal.

Image acquisiton and analysis

Imaging was performed with 6 mA and 90 Kv settings us-
ing a Newtom 3D scanner (Newtom Giano, Cefla s.c., Italy).
The image volume of all patients’ CBCT scans was acquired
using an 11 x 08 cm field of view with 0.15 mm isotropic vox-
el sizes and a 25-second exposure time. The DICOM pictures
were analysed using NNT (New Net Technologies Ltd, Na-
ples, Florida) software, which contained multiplanar recon-
structions as well as 3D reconstructions in volume render-
ing mode and anteroposterior radiographs generated from
CBCTs. All measurements were taken by a single calibrated
radiologist and given in millimeters (mm) and degrees (°).
An experienced Oral and Maxillofacial Radiology special-
ist performed the calibration. Anteroposterior radiographs
produced from CBCTs in MIP coronal views were used to
assess the skeletal and dentoalveolar variable heights, as
well as the angulations of incisors and canines (Figure 1
A,B,C,D), and the widths of dentoalveolar variables (Figure
2 AB,C) were measured in axial sections. The mid-sagittal
plane was used as a reference plane for measuring alveolar
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ridge height, dentoalveolar height, incisor and canine angu-
lations, and basal lateral width, whereas the middle palatine
raphe was used as a reference plane for measuring premolar
width. The impacted and contralateral sides, as well as buc-
cal and palatal impacted canines, were compared in terms of
the assessed characteristics. All of the measurements were
redone by the same examiner after a week.

Figure 1. A- Anterior alveolar ridge height, B- Anterior
dentoalveolar height, C- Nasal cavity width and D- Basal lateral
widlth.

Figure 2. A- Lateral angulation of long axis of the incisors with
respect to the nasal horizontal plane, B- Lateral angulation of
long axis of canines with respect to the nasal horizontal plane,
C- Premolar width.

Variables measured on CBCT images and their definitions

1. Anterior alveolar ridge height (AARH-Cl and AARH-LI)-
distance from the bone ridge of upper central incisors
(Cl) and lateral incisors (LI) to the floor of the nostrils

towards the side of impacted canine and on the side
without impaction by drawing a straight line parallel
to the mid-sagittal plane.

2. Anterior dentoalveolar height (ADH) is distance from
the upper incisor edge to the floor of the nostrils on
the side of the impacted canine and the side without
impaction by drawing a straight line parallel to the
midsagittal plane.

3. Nasal cavity width(NCW)- The distance between the
anterior nasal spine and the lateral wall of the nasal
base on the side of the impacted canine and the ca-
nine without impaction is measured in mm.

4. Basal lateral width (BLW)- The distance between the
anterior nasal spine and the outermost dentoalveolar
rim on the side of the impacted canine and the side
of the canine without impaction is measured in mil-
limetres.

5. Lateral angulation of the incisors’ long axis with re-
spect to the nasal horizontal plane (ACI and ALI)- Val-
ue of the external angle of the central incisors’(Cl) and
lateral incisors’ (LI) longitudinal axes with respect to
the tangent of the nostril floor in both quadrants.

6. Lateral angulation of the long axis of canines with re-
spect to the nasal horizontal plane (AC) - Value of the
external angle of the impacted canine’s longitudinal
axis with regard to the tangent of the nostril floor that
has no impaction.

7. Premolar width (PW) - The distance in millimetres be-
tween the canine (deciduous or permanent) and first
premolar on each side, measured in the axial cut at
bone crest level, from the middle palatine raphe to
the proximal alveolar bone crest.

Statistical analysis

SPSS version 16.0 (Chicago, IL, USA) was used for the sta-
tistical analysis. The study groups were subjected to descrip-
tive statistics. To see if the data was regularly distributed, the
Shapiro-Wilk test was used. An independent t-test was used
to compare the results. For all tests, statistical significance
was determined at a level of p<0.05.

Results

13 males (mean age 20.3+ 3.0 years) and 17 females (mean
age 19.4+3.6 years) were included in the present study. The
method of acquiring measures was performed by the sec-
ond examiner, and the measurements were compared to
the first examiner’s measurements using the intraclass cor-
relation coefficient for inter-examiner reproducibility (ICC).
The ICC values were found to be statistically insignificant, in-
dicating high reliability, with a mean of 0.91 (ICC 0.88-0.94).
A strong correlation was found in intra-examiner reliability
analysis (ICC 0.99). In terms of the acquired results, the post
hoc Power (1-err prob) was 0.8878047, indicating that the
sample size was appropriate.

Table 1 shows the comparison of measured variables be-
tween the impacted vs the non-impacted sides. The basal
lateral width was significantly greater on the non-impacted
side compared to the impacted side whereas the angulation
of canine was significantly greater on the impacted sides,
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in both the buccal and palatal impaction cases. In the pal-
atal impaction cases, a significant difference was also seen
in the premolar width (p=0.03) whereas a significant differ-
ence was observed in the angulation of the central incisor
(p=0.002) in the buccal impaction cases.

Table 2 shows the comparison of the buccal vs the pala-
tal canine impaction subgroups. In the non-impacted side,
the angulation of central incisors (p=0.03) was greater in the
buccal compared to the palatal cases by 2.45 °. On the im-
pacted side, the basal lateral width in the buccal impaction
cases was significantly higher (29.03+1.65 mm) than in the
palatal impaction cases (27.47+1.70 mm).

Discussion

CBCT was used to assess skeletal and dentoalveolar vari-
ables in the maxillary arch in instances with unilaterally
(buccal or palatal) impacted canines to the contra-lateral
unaffected site. The accuracy of CBCT in measuring alveolar
dimensions has previously been documented (4,8,10). The
number of females (n=17) in the sample was higher than
the number of males (n=13). This is consistent with prior re-
search that found a higher prevalence of impacted canines
in females (4,11,12).

The study found that the side with impacted tooth and the
normal sides had substantial differences in basal lateral width,
premolar width, and canine angulation. However, there was

no significant difference between the impacted and non-im-
pacted groups in anterior alveolar ridge height, anterior den-
to-alveolar height of incisors, nasal cavity width, or incisor an-
gulation. Because the alveolar process develops in response
to tooth eruption, it's plausible to assume that the canine
tooth’s non-eruption/impaction resulted in changed alveolar
dimensions on the impacted side (13,14). In cases of unilateral
palatal canine impactions, certain earlier investigations have
found a variation in maxillary alveolar dimensions and tooth
angulations (4,10,15,16). When compared to the non-impact-
ed side, Tadinada et al. (10) found that the impacted side had
considerably smaller bucco-palatal width (BP), nasal floor to
alveolar crest length, and arch perimeter. The bucco-palatal
breadth was reduced at a level of 2mm above the alveolar
crestin their study, but not at 6 or 10mm apically.The presence
of impacted canine higher in the alveolar crest was the main
reason for this. They claimed that bone loss was greater in the
horizontal than in the vertical dimension. This is supported by
our findings, which show that there were substantial chang-
es in width measurements (basal lateral width and premolar
width), but not in dento-alveolar heights. The measurement
from the mid-palatal raphe to the first premolar on the afflict-
ed side was substantially lower than the side that was normal,
according to D’ Oleo-Aracena et al. (4). They also suggested
that canine impaction would have little effect on alveolar
heights in the incisor region since the incisors erupt before the
canines. Impaction of the maxillary canine has been linked to

Table 1: Descriptive statistics and comparison of impacted vs. non impacted sides.

Palatal impacted canine

Buccal impacted canine

Variables Groups N Mean = SD Mean Difference pValue Mean +SD Mean Difference p Value
Group | 15 17.11+£2.72 17.81£2.58

AARH-CI 0.27 078 ————— -0.19 0.85
Group Il 15 16.84+2.45 17.99+2.87
Group | 15 16.83+2.64 18.67+3.67

AARH-LI 0.11 092 —— 0.64 0.62
Group Il 15 16.72+£3.16 18.03£3.23
Group | 15 25.17+£3.48 26.89+2.59

ADH-CI 0.49 07 —————— 0.57 0.53
Group Il 15 24.68+3.41 26.32+2.39
Group | 15 23.63+4.16 25.54+3.07

ADH-LI -0.37 079 —— 0.47 0.68
Group Il 15 23.99+3.21 25.07+3.16
Group | 15 12.28+1.007 11.81+1.41

NCW 0.34 044 — -0.33 0.52
Group Il 15 11.94+1.33 12.14+£1.34
Group | 15 30.89+1.41 32.39+2.57

BLW 3.43 0.00* —————————— 3.37 0.00*
Group Il 15 27.47£1.7 29.03+£1.66
Group | 15 87.25+2.74 89.71+3.31

ACI -0.09 0% —— 4.19 0.002*
Group |l 15 87.34+5.76 85.51+3.59
Group | 15 77.1+£7.62 77.14+6.42

ALI -1.42 065 — 0.95 0.78
Group |l 15 78.52+9.22 76.19+11.46
Group | 15 83.59+9.44 75.39£13.09

AC -30.83 0.00* —— -25.18 0.00*
Group |l 15 114.42+20.86 100.57+20.87
Group | 15 18.5+2.44 19.48+3.08

PW 2.03 0.03* ——m———— 1.6 0.14
Group I 15 16.47+2.43 17.88+2.63

Independent t-test, Significant, p<0.05 SD standard deviation, AARH-Cl and AARH-LI: Anterior alveolar ridge height of central incisor (Cl) and lateral incisor
(LI), ADH: Anterior dentoalveolar height, NCW: Nasal cavity width, BLW: Basal lateral width, ACl and ALI: Lateral angulation of long axis of incisors with
respect to the nasal horizontal plane, AC: Lateral angulation of long axis of canines with respect to the nasal horizontal plane, PW: Premolar width
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Table 2: Descriptive statistics and comparison of buccal vs. palatal impacted canine groups.

Non impacted side

Impacted side

Variables Groups N Mean *+ SD Mean Difference  p Value Mean = SD Mean Difference p Value
GroupA 15 17.11£2.72 16.84+2.44

AARH-CI -0.7 048 ——— -1.15 0.25
GroupB 15 17.81+2.58 17.99+2.86
GroupA 15 16.83+£2.64 16.72£3.16

AARH-LI -1.84 0.13 — -1.31 0.27
GroupB 15 18.67+3.67 18.03+3.23
GroupA 15 25.17+3.48 24.68+3.40

ADH-CI —1:72 0.13 - -1.64 0.14
GroupB 15 26.89+2.59 26.32+2.39
GroupA 15 23.63+4.16 23.99+3.20

ADH-LI -1.91 0.16 S -1.07 0.36
GroupB 15 25.54+3.07 25.07£3.16
GroupA 15 12.28+1.007 11.94+1.32

NCW 0.46 0.3 - -0.2 0.68
GroupB 15 11.81+1.41 12.14+£1.34
GroupA 15 30.89+1.41 27.47+1.70

BLW -1.5 0.06 I -1.56 0.01*
GroupB 15 32.39+£2.57 29.03+1.65
GroupA 15 87.25+2.74 87.34+£5.76

ACl -2.45 0.03* —— 1.82 0.31
GroupB 15 89.71+3.31 85.51+3.58
GroupA 15 77.1+£7.62 78.52+9.22

ALl -0.04 0.99 2.32 0.54
GroupB 15 77.1416.42 76.19+11.45
GroupA 15 83.59+9.44 114.42+20.86

AC 8.20 0.06 - 13.85 0.08
GroupB 15 75.39+£13.09 100.57+20.87
GroupA 15 18.5+2.44 16.47+2.42

PW -0.98 0.34 — -1.40 0.14
GroupB 15 19.48+3.08 17.88+2.62

Independent t-test, Significant, p<0.05 SD standard deviation, AARH-Cl and AARH-LI: Anterior alveolar ridge height of central incisor (Cl) and lateral incisor
(LI), ADH: Anterior dentoalveolar height, NCW: Nasal cavity width, BLW: Basal lateral width, ACl and ALI: Lateral angulation of long axis of incisors with
respect to the nasal horizontal plane, AC: Lateral angulation of long axis of canines with respect to the nasal horizontal plane, PW: Premolar width

a lack of transverse growth in the front section of the dental
arch in studies by McConnell et al.(9) and Schindel and Duffy
(17). The findings of these investigations suggest that when a
transverse maxillary deficit is noted clinically, the possibility
of maxillary canine impaction should be considered. At this
point, expanding the arch could be termed an interceptive
technique. The clinical importance of our findings in terms
of treatment suggests that more attention should be paid to
correcting asymmetries in transverse dimension, particularly
at the level of the first premolar on the side with an impacted
canine. Only dental alignment should be used to correct the
severity of this asymmetry (about 2 mm between both sides);
however, in cases of more severe asymmetry, such as unilater-
al cross bite, asymmetric expansion could be considered.

The angulations of the impacted canine were substantially
bigger than those of the non-impacted canine, and the im-
pacted canine displayed mesial tilting. Hanke et al. (3) and
D'Oleo-Aracena et al. (4) observed similar findings in their
previous studies. The average difference in canine angula-
tion between the impacted and non-impacted sides ranged
from 25 to 30 degrees. The angulation of the canine is very
important in deciding its prognosis. The incisor angulations
on the affected and non-impacted sides, however, were
not significantly different. D'Oleo-Aracena et al. (4) showed
a substantial difference in incisor angulation between the
affected and non-impacted sides, with greater distal crown
angulation on the impacted sides, whereas Kanavakis et al.

(8) found a 2.5 degree mesial angulation of lateral incisors
close to impacted canines.

However, according to D’Oleo-Aracena et al. (4), orthodon-
tic treatment in unilateral impacted canines necessitates
prior traction; aligning the incisors without distancing the
impacted canine could expose the incisor roots to the im-
pacted canine due to their distal angulation with respect
to the opposite side without impaction. In addition, ortho-
dontists should place a greater emphasis on rectifying trans-
verse asymmetries, particularly at the level of the breadth
between the median raphe and the first premolar on the
affected side with an impacted canine.

We discovered no significant variations in the other char-
acteristics between the buccal and palatal impacted canines,
except for the basal lateral width, which was substantially
greater in the buccal subgroup (29.03+1.65mm) compared
to the palatal subgroup (27.48+1.70mm) on the impacted
side. The distance between the mid palatine raphe and the
proximal alveolar bone crest between the canine and first
premolar on the impacted side was significantly shorter
than the non-impacted side (p<0.05) in palatal impacted
canine cases. On the other hand, there was no significant
change in premolar width on the impacted side of buccally
impacted canines.

The drawbacks of study include a small sample size.
Moreover the study did not differentiate the impacted ca-
nines according to the severity of impaction. The extent of
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displacement of the canines from their normal positions in
the arch may have affected the variables studied. The study
excluded cases of canine impaction with presence of other
dental anomalies such as peg-shaped or diminutive lateral
incisors, agenesis of teeth and other anomalies to minimize
confounding factors but in actuality, the impaction of ca-
nines, especially palatal ones has shown to be associated
with such anomalies. Another drawback of this study is the
small number of observers.

Conclusion

Within limitations, the following conclusions may be drawn
from the study: Significant differences were observed in the
canine angulation, premolar width and basal lateral width
between the impacted vs. contra-lateral sides. Basal lateral
width and premolar width were more on the non- impacted
sides than impacted sides. Canine angulation on the side with
impaction was substantially higher than on the contra-lateral
side. On the buccal impacted sides, the basal lateral width was
much bigger than on the palatal impacted sides.

Tiirkce Ozet: Tek tarafli gémiilii képek disleri olan olgularda iskel-
etsel ve dentoalveolar boyutlarin konik isinli bilgisayarli tomografi
kullanilarak karsilastinimasi. Amag: Konik 1sinl bilgisayarl tomografi
(KIBT) kullanarak tek tarafl gémdilii kbpek disleri olan hastalarda disin
oldugu taraf ile olmayan tarafin iskeletsel ve dentoalveolar él¢iimler-
ini karsilastirmak amaglanmistir. Gereg ve Yéntem: Tek tarafli gémiik
maksiller kaninlere (Bukkal=15, Palatal=15) sahip 30 KIBT gériintiisii
secilmistir. Iskeletsel ve dentoalveolar degiskenler (kesici dislerin alve-
olar kret yiiksekligi, dentoalveolar yiiksekligi, kesici dislerin ve kopek
dislerinin agilari, bazal lateral genislik ve premolar genislik) gémiilii disin
oldugu taraf ve olmayan karsi taraf arasinda karsilastirildi. Degisken-
leri karsilastirmak icin bagimsiz t testi kullanildi. Bulgular: Gémiilii
(28.25+1.83 mm) ve etkilenmemis (31.64+2.18 mm) taraflar arasinda
ortalama bazal lateral genislik agisindan anlamli bir fark vardi. GGmdilii
tarafta premolar genisligi anlamli olarak daha diistiktii (p<0.05). K6-
pek disleri, etkilenmemis tarafa kiyasla, etkilenen tarafta 6nemli él¢tide
daha bliytik acilar sergiledi. Bukkal alt grupta (29.03+1.65mm) gémiik
tarafta palatal (27.48+1.70mm) ile karsilastirildiginda bazal lateral
genislik anlamli olarak daha yiiksekti. Olciimcii ici giivenilirlik yiiksek
(%0.99) bulundu. Sonu¢: Gémiilii ve gémiilii olmayan taraflar arasinda
kbpek disinin agilanmasi, premolar genislik ve bazal lateral genislikte
6nemli farkliliklar gériildi. Bukkal pozisyonda gémiilii dis olan olgu-
larda bazal lateral genislik palatal ile karsilastirildiginda daha yiiksekti.
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Accuracy of age estimation with Demirjian and Nolla
methods in Eastern Turkish children aged 3-17 years old

Purpose

Dental age assessment is one of the most reliable methods of chronological age
estimation used for criminal, forensic and anthropologic purposes. This study aimed
to determine how accurate it was to estimate the chronological age by looking at
the dental age measured with the Nolla and Demirjian methods in a Turkish sample,
based on the variables of gender and age-group.

Materials and Methods

A retrospective study was performed on panoramic radiographs of 1587 subjects
(774 females and 813 males), aged 3-17 years. The mean dental age according to
the Demirjian and Nolla methods were compared to the mean chronological age
(CA). Also, the percentage value of prediction of CA was determined by using the
both methods.

Results

An under-estimation of the chronological age was observed by using Nolla’s
method (males -0.003, females -0.32, both -0.16) and an over-estimation of the
dental age was observed by using Demirjian’s method (males 0.61, females 0.75,
both 0.68).

Conclusion
Nolla’s method was more accurate in the CA estimation than Demirjian’s method in
Eastern Turkish population.

Keywords: Nolla method, Demirjian method, dental age, chronological age, Turkish
children

Introduction

Age determination has become an important aspect in current practice.
The biological age determination method performed via dental age as-
sessment is one of the methods that are easy to use (1). Dental age assess-
ment helps to make decisions for the treatment procedures both in pedi-
atric dentistry and in orthodontics. Chronological age assessment with
the help of dental age also provides great convenience for children who
do not have birth certificates, in natural disasters and criminal events (2,
3). Age determination methods used in the field of forensic medicine pro-
vide important information about unidentified persons, and also play an
important role in the determination of child marriages and child labour
(3). In addition, age determination has an important place in the field of
medicine and dentistry for the treatment programs designed for the refu-
gee families or children with no identity.

There are many methods related to maturation of permanent teeth
and chronological age assessment from dental age. Morrees, Kvaal,
Willems, Haavikko, Liliequist, Lundberg, Demirjian, and Nolla are
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some of them (4-12). Demirjian and Nolla methods are
the two most commonly used methods in chronological
age estimation. Different results related to dental age
can be found in different geographies. The studies con-
ducted in Turkey on the dental age assessment with the
Demirjian and Nolla methods are available in the litera-
ture (1,9, 10, 13-15).

Kirzioglu and Ceyhan (9) compared the Nolla and Demir-
jian methods in 425 Turkish children aged 7-13 years who
share the similar socio-economic status and the ethnic
group. An underestimation of —0.53 years was found for boys
and —0.57 for girls with the Nolla method, this method be-
ing more accurate between 9 and 11 years in both genders
and in the group of 13-year-old girls. However, the Demirjian
method overestimated boys’ age by +0.52 and girls’ age by
+0.75. Kirzioglu and Ceyhan (9) reported that both methods
are not totally suitable, with makes it necessary to assess
specific tables for this population.

Each population may need their own specific standard
for an accurate estimation of chronological age. Since
different results are obtained in different countries and
regions, there are not many studies that utilize the Demir-
jian and Nolla methods in Turkey. Therefore, in our study,
it was aimed to perform the dental age assessment by us-
ing the Demirjian and Nolla methods on the panoramic
radiographs taken from children in the Eastern Anatolia
Region of Turkey and to bridge the gap due to an insuffi-
cient number of studies conducted in our country on this
subject. The null hypotheses of this study were as follows:
There is no statistically significant difference between the
chronological age and dental age. There is no statistical-
ly significant difference between the chronological age
estimation values according to the Demirjian and Nolla
methods.

Materials and Methods
Ethical approval

The present study was approved by the Non-Intervention-
al Clinical Research Ethics Committee of In6ni University,
Malatya, Turkey (2020/856).

Sample size estimation

This was a retrospective study conducted on panoramic
radiographs. For a confidence level of 90% and a = 0.05, at
least 271 subjects were needed. The sample consisted of
1587 subjects’ panoramic radiographs (774 females and 813
males, ages 3-17.9, (Table 1)).

Study materials

Panoramic radiographs from the subjects who underwent
treatment at In6ni University, Faculty of Dentistry, Malatya,
Turkey, between January 2016 and December 2017 were in-
cluded in the study. Eastern Turkish subjects with well-doc-
umented chronological ages, aged 3-17.9 years with no
prior orthodontic treatment history and good quality of
panoramic radiographs were included. Our study did not
involve the subjects with systemic diseases affecting the

Table 1: Age distribution of the individuals.

Age (years) Female (n) Male (n) n %
3(3-3.9) 4 4 8 0.5
4 (4-4.9) 17 24 41 2.6
5(5-5.9) 33 48 81 5.1
6 (6-6.9) 35 49 84 5.3
7 (7-7.9) 71 75 146 9.2
8(8-8.9) 85 96 181 114
9(9-9.9) 113 117 230 14.5
10 (10-10.9) 105 91 196 124
11(11-11.9) 87 929 186 11.7
12(12-12.9) 82 84 166 10.5
13 (13-13.9) 72 60 132 8.3
14 (14-14.9) 31 38 69 43
15 (15-15.9) 19 14 33 2.1
16 (16-16.9) 12 12 24 1.5
17 (17-17.9) 8 2 10 0.6
Total 774 813 1587 100.0

growth and development of the teeth and tooth agenesis
other than third molars, vagueness in dental structures due
to contrast problems, movements or artifacts, impacted
teeth; radiopaque obturations or crowns, periapical lesions,
and endodontically treated teeth.

Observers’ characteristics

All assessments were performed by two investigators (GD,
TPGO) with at least five years of experience in their field in
a darkened room with a radiographic illuminator to ensure
the contrast enhancement of the images. The assessments
were done double-blinded. In order to avoid the examiners
bias at the time of collecting data, CA was first recorded on a
data collection sheet and the DA scores were tabulated later
on a separate sheet.

Chronological age

CA was calculated by subtracting the date of the birth
from the date of the panoramic radiograph after having con-
verted both to a decimal age.

Dental age with Demirjian method

The development of the seven left permanent mandibu-
lar teeth was rated on an 8-stage scale (from A to H) (Figure
1). Being associated with a stage, each tooth was converted
into quantitative values through a specific table. The scores
taken from the seven teeth were added up as a gender
function, and the sum of dental maturity was obtained on
a scale of 0 to 100. The dental maturity score of each sub-
ject was then converted to dental age by using standard
tables and/or percentile curves which were given for each
gender, separately (16).
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Figure 1. The scoring of the teeth on a panoramic radiograph
according to the Demirjian and Nolla methods.

Dental age with Nolla method

The development of the seven left permanent mandibu-
lar and seven left permanent maxillary teeth was assessed
and assigned a stage of between 1 (no sign of calcification)
and 10 (apical end completed) (Figure 1). If the tooth was
between stages, an appropriate fraction (0.2, 0.5 or 0.7) was
added as recommended by Nolla. The calculated-dental
age is equivalent to the sum of the Nolla scores. The sum
of scores was compared to the average sum for males or fe-
males and dental age calculated (17).

The assessment of the inter- and intra-investigators agree-
ments

The Cohen’s kappa coefficients on dental age estimation
were calculated to the set of seven mandibular teeth staged
according to the dental maturity scale of the Demirjian meth-
od and seven mandibular and seven maxillary teeth staged
according to the dental maturity scale of the Nolla method
(Figure 1). To calculate the Cohen’s kappa of the inter-rater
agreement consistency, a partial examination of the codi-
fied data was performed by asking two specialists to codify
60 randomly selected radiographs. To assess the intra-rater
agreement reproducibility, the same 60 radiographs were
re-examined four weeks after the initial examination by the
same two investigators according to both methods.

Statistical analysis

The data was analyzed using IBM SPSS V22 (SPSS Inc,, Chica-
go, IL, USA). The inter- and intra- rater reliability was determined
with Cohen’s kappa coefficient. Kolmogorov-Smirnov test was
performed to check the normality of the data. The dental age
and CA were compared using the Paired sample t-test. Pearson
correlation coefficient was performed for both methods. Sim-
ple regression analysis was used to predict chronological age
and to create a regression model. The predictive power of the
regression model (R?) for chronological age was named “the
predictive capacity” The significance level was set to p<0.05.

Results
The inter- and intra-investigators agreements

The kappa values ranged from 0.94 to 1 (kappa >0.75,
good agreement). An average kappa of 0.95 for the Demir-

jian method and of 0.94 for the Nolla method was recorded
as the inter-examiner agreement scores. The intra-examin-
er agreement gave the kappa values of 1.00 and 0.98 (for
Demirjian and Nolla, respectively) for the examiner 1(GD)
and the kappa values of 0.98 and 0.97 (for Demirjian and Nol-
la, respectively) for the examiner 2 (TPGO).

Comparison between chronological and estimated age

There was a statistically significant difference between the
mean of chronological age and the mean of age estimat-
ed according to Demirjian and Nolla methods in females,
while there was statistically significant difference between
the mean of chronological age and age estimated by only
the Demirjian method in males (Table 2). The Nolla meth-
od underestimated chronological age, while the Demirjian
method overestimated it (p<0.01). The overestimation of
chronological age by the Demirjian method was statisti-
cally significant for both genders (p<0.001). On the other
hand, the underestimation of chronological age by the Nol-
la method was statistically significant for females (p<0.001)
(Table 2).

The mean age differences between the chronologi-
cal and estimated ages (using the Demirjian and Nolla
methods) for gender and age groups are presented in
Table 3. The both of methods underestimated chrono-
logical age for female, aged <15 years and male, aged
<14 years (Table 3). The underestimation was statistical-
ly significant for female, while not statistically significant
for male (Table 3).

The predictive capacity of the Demirjian and Nolla methods

Analysis of the simple regression had a statical significance
when the sum of the seven teeth was considered as a pre-
dictor and chronoloical age was considered as a dependent
parameter (Table 4). It was determined that the predictive
capacity for total variance of chronological age was 77.4%
in participants using the Nolla score and was 74.2% in the
participants using the Demirjian score.

In our study, the preference of Nolla method over the
Demirjian method provided a forecasting gain of 3.2% (R?
Nolla = 0.774 - R? Demirjian = 0.742), for Turkish children
aged 3-17 years (Table 4). The Demirjian method predicted
76.3% of total variance of chronological age for male and
71.9% for female, while the Nolla method predicted 80.3%
of total variance for male and 74.8% for female. Therefore,
when considering the magnitude of the regression coeffi-
cients (Table 4), we observed that both methods are able to
explain a greater proportion of total variance in male than
in female. Comparison of the two methods indicated that
the Nolla method had greater predictive capacity than the
Demirjian method, for both genders. The forecasting gains
using the Nolla method were 2.9% and 4% in female and
male, respectively, which indicates very low scores (Table
4). The prediction levels of the Demirjian and Nolla meth-
ods on a scale of 0 to 1 by age groups are showed in Figure
2. There was a strong correlation between the chronolog-
ical age and the estimated age by original Demirjian and
Nolla methods (Figure 3).
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Table 2: Comparisons between the chronological and estimated (by Demirjian and Nolla methods) ages in females, males, and overall.

Age (years) Mean SsD
Chronological 9.69 2.82
Demirjian estimation 10.36 3.28
Nolla estimation 9.53 3.23
Comparisons Difference between means SE
Demirjian vs. Chronological 0.68*** 0.04
Nolla vs. Chronological -0.16%** 0.04
Demirjian vs. Nolla 0.833*** 0.03

Females Males
Age (years) Mean SD Mean SD
Chronological 9.85 2.81 9.54 2.82
Demirjian estimation 10.59 3.25 10.15 3.30
Nolla estimation 9.53 3.19 9.54 3.27
Comparisons Difference between means SE Difference between means SE
Demirjian vs. Chronological 0.75%** 0.06 0.61%** 0.06
Nolla vs. Chronological -0.33*** 0.06 0.003 0.05
Demirjian vs. Nolla 1.07%** 0.05 0.61%** 0.04

SD: Standard Deviation, SE: Standard Error. ***p<0.001.

Table 3: Difference between means for the chronological and estimated by Demirjian and Nolla methods for ages, for genders and age groups.

Female Male
Age (years) DA - CA (SD) NA - CA (SD) DA -CA (SD) NA - CA (SD)
3 -0.29 (0.19) 0.22 (0.32) 0.24 (0.86) 0.47 (0.67)
4 0.23 (1.53) 0.23(1.36) 0.56 (1.46) 0.15(0.58)
5 0.82 (1.09)*** -0.11 (0.58) 0.66 (1.04)*** 0.08 (0.65)
6 0.79 (0.67)*** -0.34 (0.76)* 0.66 (0.89)*** -0.26 (0.63)**
7 0.81 (1.44)*** -0.43 (1.12)** 0.73 (1.39)*** 0.07 (1.28)
8 0.61(1.53)*** -0.42 (1.17)*** 0.31 (0.91)*** -0.15(0.94)
9 0.58 (1.40)*** -0.45 (0.92)*** 0.43 (1.61)** -0.26 (1.22)*
10 0.82 (1.81)*** -0.31(1.68) 0.40 (1.77)* -0.32 (1.44)*
11 0.91 (1.90)*** -0.68 (1.37)*** 0.63 (1.66)*** -0.16 (1.57)
12 1.22 (1.77)*** -0.12(2.18) 1.03 (2.06)*** 0.33(2.11)
13 1.02 (2.12)*** 0.18 (2.15) 0.91 (2.20)** 0.59 (2.01)*
14 1.23 (1.22)*** 0.66 (1.74)* 1.42 (1.47)%** 0.99 (1.43)***
15 0.70 (0.76)*** 0.06 (1.58) -0.34 (2.08) -0.37 (2.09)
16 -1.78 (2.68)* -1.97 (2.66)* -0.21 (0.68) -0.42 (0.94)
17 -3.07 (2.57)* -3.67 (2.57)** -1.92 (0.80) -2.32(1.36)
Total 0.75 (1.72)*** -0.32 (1.60)*** 0.61 (1.61)*** -0.003 (1.45)

CA: Chronological Age, DA: Demirjian Age, NA: Nolla Age, SD: Standard Deviation, *p<0.05, **p<0.01, ***p<0.001.

Discussion

Recently, there has been an increasing need for fast and
inexpensive methods for age determination (18). Chrono-
logical age assessment methods with the help of dental
maturation follow-up have been performed by many
researchers (13, 14, 19-21). However, dental age assess-

ment methods vary according to races and geography.
Although there have been studies in different regions of
Turkey (Figure 4), their samples were not as large as in our
study (1, 9-11, 13-15, 22, 23). In addition, there are only 3
studies comparing Demirjian and Nolla methods within
the same study protocol (9, 10, 14). The aim of the present
study was to evaluate the usability of Demirjian’s (16) and
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Table 4: Simple regression analysis of chronological age estimated by the Demirjian and Nolla methods for total and males-females.

Demirjian Nolla
B SEB B t B SEB B t

Constant 2.012 0.119 16.886*** Constant 2.363 0.105 22.512%**
Predictor 0.741 0.011 0.86  67.588%*** Predictor 0.769 0.010 0.88 73.663%**
Model summary: R? = 0.742, p< 0.001 Model summary: R?=0.774, p< 0.001
gender B SEB B t gender B SEB B t
Female Constant 2.087 0.183 11.429***  Female Constant 2.592 0.160 16.230

Predictor 0.733  0.016 0.848  44.444%** Predictor 0.761 0.016 0.865 47.895

Model summary: R?=.719, p< 0.001 Model summary: R? = 0.748, p< 0.001
Male  Constant 1.941 0.156 12.425%%* Male  Constant 2.147 0.136 15.803

Predictor 0.749  0.015 0.874  51.120*** Predictor 0.775 0.013 0.896 57.495

Model summary: R = 0.763, p< 0.001

Model summary: R? = 0.803, p< 0.001

CA: Chronological Age, SE: Standard Error, ***p<0.001
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Figure 4. The provinces where dental age determination has
made on the map of Turkiye.
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Figure 3. The correlation between dental age and chronological age (DA: Demirjian Age, NA: Nolla Age).

Nolla’s (17) methods for assessing the easthern Turkish
population. In this study, we also emphasized and eval-
uated male and female differences, and age differences.
This radiological dental age assessment study on a large
population of people in Eastern Turkey can shed light on
the age determination methods that can be applied in
this region.

The age determination methods should be evaluated sep-
arately for male and female participants. Since physiological
development and dental development are compatible with
each other and male and female physiological development
is different, individuals were divided into two groups accord-
ing to gender while performing an evaluation in this study
(16, 17). In this study, the mean difference between the
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Table 5: Studies conducted in Turkey about age estimation by Demirjian and Nolla methods.

Localization Altitude n  Age (years) Male Female
The mean The mean The mean The mean
difference difference difference difference
between the (chronological betweenthe (chronological
chronological and dental chronological and dental
and dental ages) and dental ages)
ages ranged ages ranged

Demirjian

Altunsoy Western Turkey 25m 635 7-16 0.10t0 0.76 0.52 years 0.28 to 0.87 0.56 years
etal. (1) (izmir) years years

Nuretal.  Northeastern Turkey 37m 673 5-15.9 0.27 to 1.60 0.84 years 0.15to0 1.24 0.89 years
(14) (Trabzon) years years

Celikoglu Eastern Turkey 1900 m 807 7-15 0.4 to 1.3 years 0.9 years 0.2to 1.9 years 1.1 years
etal. (13) (Erzurum)

Kirzioglu Western Turkey 1043 m 425 7-13 0.37t0 0.68 0.52 years 0.34to0 1.17 0.75 years
etal. (9) (Isparta) years years

Nolla

Kirzioglu Western Turkey 1043 m 425 7-13 -0.54t00.25 -0.53 years -0.67 to 0.27 -0.57 years
etal. (9) (Isparta) years years

CA and the dental age according to the Demirjian method  These studies showed the following results (range): 0.14 to
ranged from -3.07 to 1.23 years (mean: 0.75) in females and 2.79 in a Serbian population (24); -0.1 to 1.15 (0.75) years in
-1.92 to 1.42 years (mean: 0.61) in males. Similarly, the results ~ females, -0.22 to 0.80 (mean:0.49) years in males in a South
from other studies, used the Demirjian method, supported  Australia population (25); 0.28 to 0.87 years in females, 0.10
that the dental age assessment performed by the Demirji-  to 0.76 years in males in a western Turkish population (1);
an method shows more value than the chronological age.  0.50 to 1.44 years in females and 0.36 to 1.43 years in males



86

Duruk G, et al.

in a northern Turkish population (23). In a study conducted
in Saudi Arabia, the ages were overestimated by 0.3 years in
males and 0.4 years in females (26). In another study from
Saudi Arabia, the Saudi boys were 0.57 years, and girls were
0.44 years ahead of their chronological ages (27).

In the dental age assessment performed by the Nolla
method, it was shown in the studies that it exhibits a lower
value than chronological age (10, 14, 28). Miloglu et al’s (10)
study which was done in the east of Turkey by using the
Nolla method, dental age was calculated 0.5 years lower in
females and 0.2 years lower in males than chronological age.
In an another study conducted in the north of Turkey with
the Nolla method, dental age was found to be 0.57 years
lower in females and 0.50 years lower in males compared to
the actual chronological age (14).

In a study conducted in the south of Turkey, dental age in-
dicated an underestimation of 0.53 and 0.57 years for males
and females, respectively, according to the Nolla method,
and an overestimation of 0.52 and 0.75 years for males and
females, respectively, according to the Demirjian method
(9). Similarly, in our study, there was an overestimation of
0.61 years for males and 0.75 years for females according to
the Demirjian method, while there was an underestimation
of 0.32 years for females and 0.003 years for males according
to the Nolla method. The dental development was more ad-
vanced in girls than in boys, and this result is consistent with
others (1,9, 13-15, 25).

The differences between the studies can be caused by cli-
mate conditions, nutrition, and socioeconomic level (29). In
addition, the studies conducted in Turkey were carried out
especially in geographic areas that exhibit significant alti-
tude differences. Previous studies have also demonstrated
differences between geographical areas and cities with-
in the same country (11, 15). Turkey, affected by different
climates, is surrounded by the sea on three sides and also
has one of the highest altitude cities of the world, namely
Erzurum. The Turkish studies are presented in Table 5, and
the results show how effective geographic differences could
be in tooth development. For example, Miloglu et al. (10)
conducted the study in the highest altitude region of Tur-
key (altitude = 1900 m, which is one of the highest altitude
regions in the world), Altunsoy et al. (1)’ study included par-
ticipants who live at an altitude of 25 m, Nur et al. (14) at
37 m, Kirzioglu et al. (9) at 1043 m, while the present one
at 970 m. Although our study was conducted in the eastern
area which is similar to the Miloglu et al. (10), the altitude
in that province was much lower than that of the Erzurum
province. The altitude is an important parameter affecting
climatic conditions, and causes changes in human biological
structure and is thought to be a factor that should be eval-
uated in terms of dental development. Cantekin et al. (15),
comparing eastern Anatolia (altitude: 1900 m) and Central
Anatolia (altitude: 1054 m), suggested that regional condi-
tions could affect dental maturation. The results of our study
were consistent to that of the the Kirzioglu et al.’s study (9).
According to the Demirjian method, the overestimation was
0.61 years for males and 0.75 years for females in our study
(altitude=970 m), and 0.52 years for males and 0.75 years for
females in Kirzioglu et al.’s study (altitude=1043m).

As girls have precocious puberty compared to boys, the
physiological age of girls is mostly older than boys (15).

In our study, the difference between the dental age and
chronological age of females (0.75 years) was found to be
higher than that of males (0.61 years) in the assessment
made with the Demirjian method.

Altunsoy et al. (1), Celikoglu et al. (13), and Kirzioglu et al.
(9) from Turkey reported that Demirjian method was not
suitable for Turkish population. Nolla’s method was found to
be more accurate than Demirjian method (14). In an another
study from Turkey, the accuracy of this method (Nolla) was
reported to be acceptable for boys, which is in consistent
with our findings, but it was not suitable for girls (10). In the
present study, we found that Nolla method was more accu-
rate than Demirjian method, and more suitable for boys.

Tomas et al. (12) stated that for chronological age the pre-
dictive capacity of the Nolla method was 64.4% and the pre-
dictive capacity of the Demirjian method was 47.5%. In our
study, the chronological age predictive capacity of the Nolla
method was found to be 77% and the predictive capacity
of the Demirjian method was 74%. Also, comparison of the
gender indicated that the predictive capacity in males was
greater than in females, for both methods. There are some
limitations in this study. First, dental development does not
depend solely on the ethnicity, as there are other variables
such as nutrition, familial factors, genetic, lifestyle, hormon-
al state, all of which could be expected to affect dental de-
velopment. In the present study, however, all these factors
could not be examined. Secondly, although individuals with
known systemic problems had been excluded from the
study, there may be a possibility that undiagnosed ones may
have participated in the study. On the other hand, although
the number of children aged 3 and 17 was small, the large
sample size was the strongest aspect of the present study,
and this was the main difference from the previous studies
conducted on a Turkish sample by using the same methods.
No other studies had as many samples as this study did. In
addition, these two methods, which are widely used in our
country and in the literature to evaluate the tooth devel-
opment, were preferred to estimate the chronological age,
considering that the results of the study could be compared.

Conclusion

The Nolla and Demirjian methods can be applied to Turk-
ish children for the estimation of chronological age with an
approximate error of 25%. But it is worth noting that the Nol-
la method was found to be more accurate than the Demirjian
method in our sample. Both methods are sensitive to gender
and age. The correction factors must be established to make
the Demirjian and Nolla methods applicable to each pop-
ulation. The authors of the present study suggest that the
Nolla method should be preferred primarily for estimating
the chronological age of the child population in Turkey.

Tiirkce Ozet: 3-17 Yas Arasi Tiirkiye'nin Dogusundaki Cocuklarda
Demirjian ve Nolla Yéntemlerine Gére Yas Tahmininin Dogrulugu.
Amag: Dis yasi degerlendirmesi, sug, adli tip ve antropolojik amacglar icin
kullanilan en glivenilir kronolojik yas tahmini ydntemlerinden biridir. Bu
calisma, cinsiyet ve yas grubu degiskenlerine gére bir Tiirk drnekleminde
Nolla ve Demirjian yontemleriyle 6l¢iilen dis yasina bakarak kronolojik
yasin tahmin edilmesinin ne kadar dogru oldugunu belirlemeyi amagla-
maktadir. Gereg ve Yontem: 3-17 yaslan arasindaki 1587 denegin (774
kadin ve 813 erkek) panoramik radyogrdfileri lizerinde retrospektif bir
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calisma gergeklestirildi. Demirjian ve Nolla yéntemlerine gére ortalama
dis yasi, ortalama kronolojik yas (KY) ile karsilastirildi. Ayrica, KY tah-
mininin ylizde dederi her iki yontem kullanilarak belirlendi. Bulgular:
Nolla yéntemi kullanilarak kronolojik yasin disiik tahmin edildigi (erkek
-0,003, kadin -0,32, her ikisi -0,16) ve Demirjian yéntemi kullanilarak
kronolojik yasin yliksek tahmin edildigi (erkek +0,61, kadin +0,75, her
ikisi de +0,68) gézlemlendi. Sonug: Tiirkiye'nin dogusundaki niifusta
KY tahmininde Nolla yéntemi Demirjian yénteminden daha dogruydu.
Anahtar kelimeler: Nolla yéntemi, Demirjian y6ntemi, dis yasi, kronolo-
jik yas, Tiirk cocuklan
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Future expectations, career choices and related factors
among dental students: A cross-sectional study

Purpose

The aim of this study was to determine descriptive characteristics of dental students,
to investigate their professional expectations, career decision criteria, and related
factors; to examine how (if any) seniority in school affects these.

Subjects and Methods

During the period of 2018-2019, all 1-5 grade students (n = 754) of Hacettepe
University Dental School were invited to participate and those who accepted had
filled under observation a standard questionnaire form of 35 questions (83.4%).
In the analysis of the data, descriptive statistics, chi-square, Student's t-test and
ANOVA and Odds ratio methods were used.

Results
In this cross-sectional study, 66% of the group were female, age range was 18-30
(mean+SD= 21.2 + 1.7). The most common reasons for choosing dentistry were

“financial benefits’, “job security” and “professional status” “Undertake specialist
training” (80.2%) was the most common short-term expectation after graduation;
two most common long-term expectations were “having a private clinic” (57.9%)
and “completing specialization training” (56.0%). The most important factors
affecting the post-graduation working plans were work-life balance and economic

stability.

Conclusion

It is recommended to provide adequate counseling and guidance to students
about potential career paths to maximize a balanced and widely accessible
oral health service delivery across the country with more motivated dentists.
Qualitative research may improve our understanding of how dental education can
be improved to fulfill students’ expectations from school, and to motivate dental
students towards general practitioning in the future.

Keywords: Dental students, future expectations, career choice, influences, Turkiye

Introduction

Dentistry is one of the leading professions offering healthcare services (1).
Population growth, ageing and awareness of the importance of oral health
have increased the need for the dental profession, imposing establishment
of new dental schools. Universal prestige and respectability also appear to
be predictors for young people choosing dentistry as a profession.

Dentistry is considered as a popular and profitable profession in many
countries (2-6). Professional choices vary from one society to another,
based on various factors such as gender, ethnic group, family and envi-
ronmental characteristics, and parental educational attainment (2, 7).
Professional knowledge, skills and experience gained over dental school
years are likely to shape future expectations and career choices of dental
students, and their professional satisfaction in years to come (8-11). Pro-
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fessional motivation of the dentists, together with the quali-
ty of the services provided to the society will increase in the
ratio of meeting their expectations.

The majority of publications on future expectations and
career choices of dentistry students are from developed
countries (9, 12-15). Findings reveal that students’ profes-
sional expectations and areas of specialization may vary
depending on various factors: including professional, per-
sonal, and financial achievements, in short term; and, by
professional development, work-life balance, and financial
stability expectations for the long term (9, 13, 16). The col-
lection of relevant data before graduation will enable better
orientation to education, professional preparation, and will
contribute to institutional plans and interventions to train
highly motivated and successful dentists.

The aim of this study is to determine descriptive charac-
teristics of dental students attending Hacettepe University
Dental School, to investigate their professional expectations,
career decision criteria, and related factors; and to further
examine how (if any) seniority in school affect these. The
long-term goal is to improve educational and professional
counseling for dental students, starting early in school, to
improve their motivation and satisfaction at school; and to
enable them to choose the best practice plans suitable for
themselves for their professional years to come.

Subjects and methods
Study population

A cohort study was planned for longitudinal follow-up
of all students (n=754) of Hacettepe University, Faculty of
Dentistry, Ankara, Turkey, enrolled in any class, as of Octo-
ber 2018. This cross-sectional analytical study provides data
obtained at baseline. At the initiation of the study, the total
number of enrolled students were 190, 145, 136, 153 and
130in the 1st, 2nd, 3rd, 4th and 5th grades respectively.

Ethical approval and study questionnaire

Ethical approval was obtained from the Hacettepe Uni-
versity Non-Interventional Research Ethics Committee
(24/10/2018 and 16969557-285) and verbal informed con-
sents were obtained from each participant prior to the sur-
vey. All students were invited to participate in the study and
those who attended the school over the data collection pe-
riod completed the questionnaires, if they approved to do
so. A standardized questionnaire was prepared and the pilot
sample was tested on 20 students attending another dental
school in the city. Revised questionnaires were distributed to
students following/at the start of selected classes and were
completed anonymously by participants under observation.
No dental school faculty member was present at the time of
the survey so that the students did not feel any pressure to
participate in the study.

The questionnaire consisted of 35 multiple choice and
open-ended questions, with 4 main sections; 12 questions
were about sociodemographic characteristics, 8 questions
about their vision of dental education, and the final 15 ques-
tions were about students’ short-term (next 5 years) and
long-term (20 years later) future expectations.

Statistical analysis

Statistical analysis included descriptive statistics (frequen-
cy and percent distribution: average/mean, standard devia-
tion/Q1, and Q3 values). Chi-square, exact chi-square, Stu-
dent’s t-test, and ANOVA analysis were used for comparison
of groups, as appropriate to variable type. Odds ratios (95%
confidence intervals) were calculated to evaluate potential
associations. All analyses were conducted using SPSS ver. 23
software (SPSS inc. Chicago, IL, USA).

Results
Sociodemographic characteristics

The survey was completed by 83.4 % of the 754 students
enrolled in the Faculty of Dentistry in the 2018-2019 ac-
ademic year. Of these, 414 were women (66%), 618 were
single (98.7%) and 605 were Turkish citizens (96.6%). Of all
participants, 3.7% were from Iran, Azerbaijan, TRNC, Afghan-
istan, Albania, Bulgaria, Palestine, Ghana, South Korea, Ken-
ya, Mongolia and Uzbekistan.

The age range of the participants was 18-30 years (mean
21.1,SD 1.7 years). About three fourths of the students knew
a second language. The most commonly spoken foreign lan-
guages were English 452 (71.9%) and German 55 (8.7%).

About half of the mothers (n=300) and 63.9% of the fathers
(n=399) had university degrees or higher. Sixty-one moth-
ers and 62 fathers, had reportedly a profession in the health
sector. The number of students who had a dentist in the im-
mediate environment was 208 (33.2%); and 42.6% of those
were relatives. Having a hobby was pretty common (86.9%),
yet, only 64.2% (n=400) reported to have enough spare time
for their hobbies. Of the several hobbies reported, the most
common ones were sports (50.1%), reading books/science/
writing (28.2%), music/singing/playing a musical instrument
(26.7%) and going to movies (21.3%) (Table 1).

Perspective of dental education

In the national university entrance exam, reportedly, den-
tal school was the first choice of 68.2% of dental students,
the second or third choice of 12.8% students, and the 4th
choice of 13% students. The top three most frequently men-
tioned reasons for choosing dental school were “financial
benefits”, “job security” and “professional status” Three hun-
dred and ninety-nine (63.6%) participants positively replied
to the question “If you had a chance to choose today, would
you prefer dentistry again?”; and 106 (16.9%) respondents
answered “no” to the same question. The latter students
stated the reason for that as “the education is difficult/tire-
some/backbreaking”. Two hundred and seventy-two (43.6%)
students had thought at least once about dropping out
of school;, women were significantly more likely to do so
[OR=1.54 (95%Cl= 1.09-2.16)]. Just over half of the students
(56.9%) stated that the education provided by the school
met their professional expectations. And only one-fifth of
participants had adequate information about different ca-
reer paths they would have upon graduation; interestingly,
the last year students claimed so, with a rate lower (9.8%)
than that in all other classes (Table 2).
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Table 1: Descriptive characteristics of dental students.

Grade

Characteristic First Second Third Fourth Fifth p value

n % n % n % n % n %
Gender (n=627)
Female 100 61.3 74 62.2. 74 71.8 94 65.7 72 72.7 0.206
Male 63 38.7 45 37.8 29 28.2 49 343 27 27.3
High School (n=626)
Anatolian High School 67 41.4 51 429 56 544 88 61.5 67 67.7 <0.001
Science High School 56 345 37 31.1 19 18.4 18 12.6 14 14.1
Regular High School 39 241 31 26.0 28 27.2 37 259 18 18.2
Mothers’ education level (n=624)
High School or less 80 50.0 60 50.4 53 51.5 75 524 56 56.6 0.897
University graduate 67 419 50 42.0 42 40.8 62 434 38 384
Postgraduate degree 13 8.1 9 7.6 8 7.7 6 4.2 5 5.0
Fathers’ education level (n=624)
High School or less 56 34.8 45 37.8 38 37.3 46 322 40 40.4 0313
University graduate 71 441 59 49.6 49 48.0 79 55.2 48 48.5
Postgraduate degree 34 21.1 15 12.6 15 14.7 18 12.6 11 11.1
Mothers’ occupation (n=623)
Health sector 21 13.0 10 8.5 7 6.8 11 7.7 13 13.1
Other 61 379 60 50.8 40 38.8 69 48.6 37 374 0.089
Retired/ Never worked 79 49.1 48 40.7 56 54.4 62 43.7 49 49.5
Fathers’ occupation (n=623)
Health sector 16 10.0 13 11.0 9 8.9 14 9.8 8 8.1
Other 101 63.1 80 67.8 57 56.4 89 62.2 49 49.5 0.088
Retired/ Never worked 43 26.9 25 21.2 35 347 40 28.0 42 424
Spare time for hobbies (n=623)
Always 41 25.6 11 9.3 16 15.5 13 9.1 5 5.1
Sometimes 91 56.9 57 48.3 53 51.5 68 47.6 45 454
Rarely 26 16.3 42 35.6 29 28.2 51 357 44 444 <0.001
Never 2 1.2 8 6.8 5 4.8 11 7.7 5 5.1

Short-term career expectations

About four-fifths of the participants, being higher among
women, wanted to continue a specialty training in the next
5 years. Within 5 years, 33.5% wish to work in abroad (33.5%),
another 33.0% want to start up a private clinic and 28.8%
want to work in a private clinic (28.8%). Women were less
likely than men to initiate a private clinic of own [OR= 0.59
(95% Cl= 0.42-0.84)]. Having a private clinic of his/her own
was the most common among grade 1 students and was
about one-fourth (95 Cl= 0.14-0.50) of those among grade
5 students (Figure 1).

Long-term career expectations
The most common long-term expectations were having

a private clinic (57.9%), completing specialization train-
ing (56.0%), attaining high economic income (49.3%), and

working in a platform where professional skills can be im-
proved (44%, 5). Women wanted to complete their special-
ization training 1.7 times more than men and 1.6 times more
wanted to work in a platform where professional skills can
be improved (Figure 2). The wish to have a private clinic was
the highest among first-year dental students and decreased
significantly from first grade to fifth grade (71.0% -54.1%)
(Figure 2).

Five hundred and thirteen (82.5%) participants found spe-
cialization necessary after graduation. Not all wants it for a
career but want to get a specialty training to gain further
experience in a particular area (76.5%), to continue to work
in a more specific area (59.0%) and to get higher income
(46.6%). Orthodontics (61.4%), oral and maxillofacial surgery
(39.7%), prosthodontics (34.8%), periodontology (30.9%),
and pedodontics (27.0%) were the most preferred branches
of specialization. Women wanted the restorative dentistry 3
times and pedodontics 2 times than that reported by men.
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Table 2: Professional choices and related factors.

Number Percentage

First choice 426 68.2

Reasons for choosing dentistry

Job security/ high levels of demand for dentists 346 55.2

Personal interest in dentistry/ ideal 248 39.6

Interest in a healthcare profession and getting score appropriate for dentistry 109 17.4

Due to presence of a dentist in the family or in the immediate environment 64 10.2

Whether they would prefer dentistry again (if there is a chance to choose today)

No

—_
o
(e}
—_
(o)}
O

The reasons for those who would prefer again (n= 338)

My dream / ideal job 48 14.2

Other reason 87 25.7

Difficult/ Tiresome/ Backbreaking 41 45,1

Other reason 24 26.4

Yes/ | have at least one 208 33.2

Proximity state of the dentists for the ones who replied yes to the previous question

Family friend 56 26.8

Other* 26 124

“Much better than | expected” 27 43

“As | expected” 248 40.0

“Did not meet my expectations 55 8.8

“More difficult than | expected” 6 1.0

Have you ever thought about dropping out of school?
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The odds of reporting oral and maxillofacial surgery was 2
times in men than in women. The distribution of the branch-
es of specialization that the students intend to choose var-
ied by grade. Orthodontics was the most preferred specialty
program among the first-year students, while this number
decreases in the last year students (p <0.001). Endodontics
were reported mostly by second- and third-year students,
reporting was statistically significantly lower in both the first
year and fourth and fifth (p <0.001). Popularity of periodon-
tology increased by the increase in grade, with a significant
trend test (p <0.001). Prosthodontics was mostly reported
by the first-year students, and its popularity decreases by
seniority (Figure 3).

Of all the students, 312 wanted to pursue an academic ca-
reer. By pursuing an academic career, they expect to be in a
platform where they can closely follow professional devel-
opments (68.5%), to make contributions to science (53.5%),
to raise students (43.2%), and to be respected more in the
society (23.0%). Students mostly want to practice their pro-
fession in a metropolitan city (88.3%) and to work in private
sector (75.7%) or university hospitals (47.8%). Figure 4 pres-
ents that students preference of the place they want to work
in the future vary by grade the students currently attend.
Wish to work in a university hospital increases significantly
towards graduation and is higher among women; whereas,
men want to work in public hospitals more. The popularity

Other

Uncertain

Work as a dentist

Work abroad

Work in governmental hospital
Work in a private clinic

Open a private clinic
Undertake specialist training

o

20

* Respondents could choose more than one option.

of working in private sector is the highest among the first-
year students. (Figure 4). When deciding on the type of insti-
tution to work for, participants considered mostly economic
opportunities (76.6%) and sufficient professional knowledge
and experience (75.2%).

When deciding on the post-graduate working plan, most
of the participants care for the work-to-private life balance
(79.7%), economic stability (60.3%) and developing profes-
sional skills (57,7%). Women preferred the “work-private life
balance” 1.5 times more than men. Considering the working
time, 52.8% of the participants wanted to work full time (8
hours) and 22.9% wanted to work part-time.

When asked about the difficulties of the dentistry as a pro-
fession; economic difficulties in providing materials (71.0%)
was the most frequently mentioned answer. The most chal-
lenging aspect of the profession according to students was
“satisfying patients with the dental service provided” and it
was 1.76 times (95% Cl= 1.24-2.48) times more challenging
for males. For men, the most compelling aspect of the pro-
fession was financial management [1.80 (95% Cl=1.28-2.53)].
Communicating with patients was found to be a more chal-
lenging part for men participants; the odds was 1.41 times
(95% CI=1.00-1.99) than in women. As the best feature of
this profession; the most frequent answers listed by stu-
dents were flexible working hours (65.3%), high-income op-
portunity (65.2%) and helping patients (64.6%). Most of the

H Male

B Female

40 60 80 100

Figure 1. Distribution of students’ expectations in the short term (within 5 years) by gender.

Other

Uncertain

Do not want to work as a dentist

Work for government

Settle abroad

Pursue academic career

Work where professional skills can be improved
Attain high economic income

Complete specialization training

Have a private clinic

® Male

H Female

20 30 40 50 60 70

* Respondents could choose more than one option.

Figure 2. Distribution of students’ expectations in the long term (after 20 years) by gender.
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Figure 4. Distribution of the institutions students want to work in the future.

female students (68.0%) consider the best feature of dentist-
ry as helping patients, while men cared for the potential for
high-income (71.4%).

Discussion

This is the first study from Turkey, which primarily studies
the underlying factors for choosing a dental school, whether
the students are satisfied with the curriculum and their gain-
ings from dental school and what their future career plans
are. There are several studies that focus on these issues and
indicate the underlying factors for career decisions in devel-
oped countries (2,5,8-13,17). However, in developing coun-
tries, such as ours, the individual, familial and environmental
factors that could be linked with career plans are not so defi-
nite. We hope that our study can be informative for other de-
veloping countries, as well. Another asset of the study is the
ability to compare and contrast students from different lev-

els of classes, which may illustrate a cohort effect (if any). Our
findings suggested that rather than a cohort effect, students’
learnings in time about the different skills they need, difficul-
ties and benefits of different specialty branches, conditions
of working environments etc. may change their primary ex-
pectations at the entrance to school towards graduation. A
previous study found that senior students were reported to
give more realistic forward-looking answers about choosing
an area of specialization (12). This may be an explanation to
our finding of differences across grades. We hope to contin-
ue following these students, thorough graduation (up to five
years), which may clarify the issues that cause differences
across grades.

Sociodemographic and familial characteristics of the par-
ticipants were in line with findings of earlier studies. The vast
majority of the participants were female students, which is
similar to the studies that determined the increased female
ratio (17, 18).1t has been reported that women generally pre-
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fer dentistry over men because of the flexibility of working
hours, which provides the opportunity to allocate time for
their families and children (17, 19, 20). The most of the par-
ticipants come from educated families, similar to findings of
earlier studies (3, 14, 15, 19). Our finding of having a dentist
in the immediate environment suggest that relatives or role
models are likely to have an impact on career selection deci-
sion, as it is true in many developing countries (2, 17).

About 70% of all participants reported that dentistry was
their first choice during university matriculation examina-
tion, which showed a similar result with the study conduct-
ed in Ireland. Dentistry was the first choice for 2/3 of dental
school students in Ireland (21). Mostly, the positive working
conditions of this profession, the desire to help people, and
the opportunity of improving patients’ appearances were
attractive. In the study, some students (17,4%) stated that
they chose dentistry as “they wanted to choose a profession
(medicine) related to health and their score was appropriate
(for dentistry, that is less than for medicine)”. This is also in
line with the findings of earlier studies, suggesting dentistry
is chosen as an alternative for medicine (14, 21, 22).

When the reasons for choosing dentistry as a profession
are investigated, it is stated that it is chosen mostly due to
high income, regular working hours, the prestige of the pro-
fession, work-private life balance, quality of life (2, 3, 5, 23).
In the findings of this study, it was found that students chose
dentistry for almost the same reasons. The most frequently
stated reasons were “high income’, “a high chance of find-
ing a job in the future- job security” and “professional status"
However, if there was a chance to choose again, the partic-
ipants who would consider choosing this profession again
are only 63.6%. This result may be related to the intensity of
work and taking on early responsibilities in the preclinical
and clinical hours throughout the educational process. Find-
ings similar to this result are shown in the study by Gallagher
2008 (5).

The mostly indicated expectation of students for the next
5 years was to become a specialist in a specific area. Earlier
we had doctoral programs following dental school, and spe-
cialization programs have been initiated recently; this has
become popular among dentists to be. The demand for spe-
cialists in dentistry is increasing and the fee for the work per-
formed may be higher compared to those performed by the
general practitioner dentist. Additionally, there is a desire of
dental students to gain experience, to improve knowledge
and skills in a certain area by undertaking specialist train-
ing. Another short-term expectation of the participants is
achieving economic stability in the future. By completing
the specialty training, they expect to earn more and have a
high income in the future. Similar results have been found
in studies in Malaysia, the United Arab Emirates, and Great
Britain as well (9, 11, 12).

In the long-term prospects, participants wanted to have
a private clinic, to complete their specialist training, and to
have high economicincome and to work in a platform where
they can improve their professional skills. These expecta-
tions are mainly focused on economic benefits. This is also
supported by the willingness of the participants to work in
the private sector (75.7%). Due to the limited number of pro-
fessional and material options available in public hospitals
and the high number of patients examined per day, it is not

preferred much (24). Institutions to be worked in the future
differ by gender. We think that the reason for this may be the
answer “sufficient professional knowledge and experience”
80.4% of female students gave to the question “What do you
pay attention to when deciding on the institution you will
work for?”. It is possible to see that women give more impor-
tance to having professional knowledge and experience and
pursue continuing education, thus, want to continue their
professional lives in universities.

As a specialty training, orthodontics and oral and max-
illofacial surgery have been the most popular areas. The
same findings are indicated in another study conducted at
a private university in Turkey (10). These two departments
are also the most popular in dentistry worldwide, and the
reason for this seems to be higher income (25).

The big cities are preferred by almost 90% of the partici-
pants to perform their profession. This finding may be due to
greater job opportunities in big cities. Besides, students wish
to keep the work-private life balance and economic stability.
Gallagher et al. (13, 26) explored situations that play a role
in career choices of dental students and new graduates in
Great Britain and the results are similar. In this study, only
one-fifth of the students answered positively to the ques-
tion “Do you have any information about different career
paths after graduation?”. The remaining knew about career
paths partially, insufficiently, or not at all. This issue warrants
further research.

Conclusion

Students chose dentistry mostly for economic reasons and
job security. They expect to complete specialist training and
to secure economic stability in the short and long term. Big
cities and private sector are highly popular among dental
students. These findings suggest a potential for unbalanced
distribution of dentists across the country in future years.
Therefore, it is recommended to provide adequate counsel-
ing/training and guidance to students about potential ca-
reer paths, starting from early years in school to maximize a
balanced and widely accessible oral health service delivery
across the country and to employ more motivated dentists in
all sectors. It may also be valuable to inform high school stu-
dents about the dental education for assisting them with con-
scious choice of profession. Qualitative research may improve
our understanding of how dental education can be improved
to fulfill students’ expectations from school, and to motivate
dental students towards general practitioning in the future.

Tiirkce Ozet: Dis hekimligi fakiiltesi 6grencilerin meslek secim Gzel-
likleri, gelecek beklentileri ve iliskili faktérler: kesitsel bir calisma. Amag:
Dis Hekimligi Fakiiltesindeki 6grencilerin bazi sosyodemografik 6zel-
likleri, meslek secim nedenleri, meslekten beklentilerini ve bunlarla
iliskili faktorleri irdelemek, siniflar arasindaki (varsa) farkliliklar be-
lirlemek hedeflenmistir. Yontem: 2018-2019 déneminde, Hacettepe
Universitesi Dis Hekimligi Fakiiltesi'ne kayitli tim 1-5 sinif égrencileri
(n=754) calismaya davet edilmis ve katilmayi kabul edenler toplam 55
soru iceren standart bir anket formunu gézlem altinda doldurmuslardir
(n= 629, %83,4). Verilerin analizlerinde, SPSS ver.23 istatistik paketi kul-
lanilarak, tanimlayici istatistikler; Ki-kare, kesin ki-kare; Student’s t-testi
ve ANOVA analizleri ile, odds orani hesaplamalari yapilmistir. Bulgular:
Kesitsel tipteki calismada grubun %66's1 kadin, yas araligi 18-30 (ortala-
ma = 21,2 + 1,7) yastir. Bu meslegi secimde etkili olarak en sik belirtilen

P

3 neden, dis hekimliginin “maddi kazanci iyi’; “ileride is bulma sansi y(ik-
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sek” ve “toplumda saygin” bir meslek olmasidir. Okuldaki egitim, 6gren-
cilerin %56,9'nun mesleki beklentisini karsilamaktadir. Ogrencilerin me-
zuniyet sonrasi kisa dénem beklentilerin basinda “bir bransta uzman
olmak” (%80,2) gelmekte; en sik belirtilen iki uzun dénem beklentisi
ise “6zel klinik sahibi olmak” (%57,9) ve “uzmanlik egitimini tamamla-
mak” (%56,0)'tir. Ogrencilerin %82,5'inin uzmanhdi gerekli bulmasi ve
%75,7'inin ézel sektérde calismak istemesi, mezuniyet sonrasi kamuda
calisma istegi (%15,5) ile (%4,3) dis hekimligi disinda bir alanda ¢calisma
ylizdelerinin benzer dtisiik boyutta olmasi dikkat cekicidir. Mezuniyet
sonrasi ¢calisma planini etkileyen en 6nemli faktérler is-6zel hayat den-
gesive ekonomik istikrardir. Ogrencilerin sadece beste biri kariyer yollari
hakkinda “yeterli” bilgi sahibi oldugunu belirtirmistir. Sonu¢: Ogren-
cilere kariyer yollari hakkinda erken dénemde yeterli danismanligin/
egitimin verilmesi ve yol gésterilmesi 6nerilmektedir. Siniflar arasindaki
farkliliklarin izlenmesi icin kohort izlemlerin yapilmasi degerli olacaktir.
Odrencilerin egitim siirelerindeki beklentilerinin karsilanma yiizdesini
artirmak, ileride kamuda ¢alismasini ve pratisyenligi motive edecek fak-
térlerin belirlenmesi icin niteliksel ¢alismalar yararli olacaktir. Anahtar
kelimeler: Dis hekimligi, 6grenciler, meslek se¢cim nedenleri, mesleki
beklentiler, kariyer yollar.
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Comparison of skeletal and dentoalveolar effects of two
different mandibular advancement methods:
Conventional technique vs aesthetic approach

Purpose

The aim of this study was to compare the effects of two different mandibular
advancement methods on skeletal, dentoalveolar, and soft tissue structures
through cephalometric measurements.

Materials and Methods

Twenty-four Class Il division 1 patients (10 males, 14 female) treated with twin block
(TB) or aesthetic approach (EA: Essix plates + Class Il elastics) from the archive of
our faculty were included in the study. There were 12 individuals in the EA group
(mean age: 12.2 + 1.0) and 12 individuals in the TB group (mean age: 11.8 £ 1.1
years). The skeletal, dentoalveolar, and soft tissue effects of the appliances were
evaluated by performing 28 measurements, 14 linear and 14 angular, on the pre and
post-treatment cephalometric radiographs. AudaxCeph 5.0 software (Ljubljana,
Slovenia) was used for the analysis. A paired sample t-test was employed to assess
the changes after one year of utilizing the appliance for each group. Intergroup
comparison was performed by using student t test.

Results

The mandibular base was observed to move forward significantly in both groups
(p<0.05). However, the forward movement of the mandibular base was greater in
the TB group than in the EA group (p<0.05). There was no difference in lower incisor
protrusion between the two treatment methods. The EA device was found to cause
a significant increase in vertical direction parameters (p<0.05).

Conclusion

Both methods resulted in Class Il malocclusion correction as well as an acceptable
occlusion plus profile. The effects of EA were primarily dentoalveolar. In patients
with high aesthetic expectations, EA could be an alternative for TB.

Keywords: Class Il malocclusion, mandibular retrognathia, mandibular advancement,
twin-block, clear aligners

Introduction

Class Il division 1 malocclusion is a common anomaly in various populations
(1,2). This skeletal problem is usually caused by a small or retrusive mandible
(3). In growing patients, functional orthopedic devices such as monoblock or
twin-block are used to treat mandibular retrognathia. These devices provide
muscle activation by moving the mandible forward. The concept of stimulating
bone growth via muscle activation is known as functional matrix theory (4,5).
It is still debatable whether functional appliances increase mandibular growth
or not (6). Some authors have suggested that these devices promote mandibu-
lar growth, while others reported that they have no effect on total mandibular
length (7,8). However, there is widespread agreement that functional orthope-
dic devices cause upper incisor retrusion and lower incisor protrusion (9-11).

Hasan Cama’ ©,
Farhad Salmanpour’

ORCID IDs of the authors: H.C. 0000-0003-0824-4192;
F.S. 0000-0003-1006-9792

'Department of Orthodontics, Afyonkarahisar Health
Science University, Afyonkarahisar, Turkiye

Corresponding Author: Hasan Camci
E-mail: dt.hasan@hotmail.com

Received: 20 May 2021
Revised: 18 September 2021
Accepted: 12 November 2021

DOI: 10.26650/e0r.2022939871

How to cite: Camci H, Salmanpour F. Comparison of skeletal and dentoalveolar effects of two
different mandibular advancement methods: Conventional technique vs aesthetic approach. Eur
Oral Res 2022; 56(2): 96-101. DOI: 10.26650/e0r.2022939871

a oNoe
BY NC

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


https://orcid.org/0000-0003-0824-4192

https://orcid.org/0000-0003-1006-9792

Mandibular advancement with Essix plates

97

The twin-block is a device that is frequently used by ortho-
dontists to correct retrusive mandible (12). This is because a
twin-block can provide both mandibular advancement and
maxillary expansion simultaneously. Furthermore, allowing
the patient to speak is the most important reason why this
appliance is preferred. However, its bulky structure may re-
duce patient compliance. Accordingly, some researchers have
designed new appliances to overcome the twin-blocks disad-
vantage. Tripathi et al. (13), for example, created an “esthetic
twin-block” fabricated on biocryl sheet to improve patient
compliance. This new design device was visually pleasing,
but still bulky. The Invisalign company’s mandibular advance-
ment appliance is another option for correcting mandibular
retrognathia. This appliance treats class Il malocclusion by
moving the mandible forward with the help of the upper and
lower precision wings (14). However, this appliance is relative-
ly bulky, and the major drawback of this device is its high cost.
As a result, the authors of this study designed an easy-to-use,
esthetically pleasing, and low-cost appliance for patients. The
appliance is comprised of three major components: lower
and upper Essix plates, plus class Il elastics. The goal of this
approach was to reduce the bulkiness in conventional appli-
ances, lower the cost, and increase patient compliance.

The purpose of this study is to compare the skeletal, den-
toalveolar, and soft tissue effects of the novel aesthetic ap-
proach (EA) and twin block using cephalometric analysis.
The null hypothesis of the study suggested that there is no
difference between the skeletal and dentoalveolar effects of
the two mandibular advancement methods.

Materials and methods
Ethical statement

The research protocol of this retrospective study was approved
by Afyonkarahisar Health Sciences University Clinical Research
Ethics Committee (ID: 2021/89). The study was conducted in
the orthodontics department of our faculty using pre- and
post-treatment cephalometric radiographs of class Il growing
patients who underwent mandibular advancement with two
different methods (EA and TB). Written informed consent forms
were obtained from parents or legal guardians of the patients.

Sample size estimation

The power analysis, performed via the GPOWER software,
revealed that each group required at least 11 patients (n>11,
a=0.05, and 1-B=0.90) (13,15). There were twelve patients in
the EA group (mean age 12.2+1.0) and twelve patients in the
TB group (mean age 11.8+1.1). The following criteria were
used to determine inclusion: MP3cap skeletal maturation
phase, 4.5 mm overjet minimum, retrognathic mandible, opti-
mal mandibular plane angle, ANB angles greater than 4°, and
good patient compliance. Patients with a history of orthodon-
tic treatment, anterior open bite, severe proclination of the
maxillary incisors, and systemic disease affecting growth or
low-quality radiographs were excluded. Except for one case
in the EA group, none of the cases had an initial unilateral or
bilateral crossbite. In both groups, slow expansion screws (Le-
one, Italy) were activated 4 turn in 4 days to correct maxil-
lary transversal deficiency developing following mandibular

advancement. The mean number of screw activations was
31.2+2.0in the TB group and 28.0+1.5 in the EA group.

Twinblock design

In our department, TB is routinely made in a standard de-
sign by the same technician (Figure 1). The upper removable
part includes slow expansion screw, labial bow, delta, and
Adam’s clasps, while the lower removable part includes labial
bow and Adam'’s clasps. In addition, one-third of the vestibu-
lar surface of the lower incisors is covered with acrylic. TB was
used for a total of one year, the first six months for the entire
day (except meals), and the second six months only at night.

Figure 1. The design of twin-block.

Mandibular advancement with Essix plates

The EA appliance fabrication process involved the following
steps (Figure 2): To improve the retention of the upper part,
composite attachments were placed on the right and left pre-
molars. Upper and lower arch impressions were taken from

Figure 2. The EA appliance design. A: frontal view, B: right lateral
view, C: left lateral view, D: upper occlusal view, E: lower occlusal
view.
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each patient using alginate. Plaster models were obtained.
Using a vacuum machine, 0.80-inch Essix plates (Dentsply
Sirona, USA) were formed. Vacuum-formed appliances were
trimmed at the level of the cervical line. Metal tubes were
bonded to the lower first molars with clear buttons placed on
the upper canines. Class Il elastics (150-200 gr per side) were
used for one year, the first six months for the entire day (ex-
cept meals), and the second six months only at night.

Cephalometric analysis

All measurements were performed by a single researcher
using AudaxCeph version 5 software (Ljubljana, Slovenia).
The analysis consisted of parameters evaluating skeletal,
dental, and soft tissue changes. The parameters were select-
ed from McNamara, Ricketts, Steiner, and Pancherz analyses
(13,16-18). On the cephalometric radiographs, twenty-four
anatomical landmarks were identified (Figure 3). For each
patient, a total of 28 parameters were measured, including
10 skeletal, 13 dental, and 5 soft tissue.

Figure 3. S: sella, N: Nasion, Co:condylion, Ar:articulare, A: A
point, B: Bpoint, Ms: molar superior, Mi: molar inferior, Is: incisor
superior, Pg: pgonion, Gn: gnathion, Me: menton, Go: gonion,
Ar: articulare, Co: condylion, Po: porion, Or: orbitale, A/OLp:
linear position of the maxillary base, Pg/OLp: linear position of
the mandibular base, Is/OLp: position of the maxillary central
incisor; li/OLp: position of the mandibular central, Mi/OLp:
position of the lower first molar, Ms/OLp: position of the upper
first molar.

Statistical analysis

All statistical analyses were carried out using SPSS 22.0
package program (SPSS Inc, Chicago, lll). Descriptive sta-
tistics such as mean values and standard deviations were
calculated. The Shapiro Wilk normality test was used to de-
termine the normality of parameters. The Student t-test was
employed to compare the pre- and post-treatment results of
the two groups. Skeletal, dental, and soft tissue changes that
occurred after the use of TB and EA appliances were eval-

uated with paired sample t-test. The measurements of five
randomly selected patients were reperformed two weeks
later by the same researcher. The intracorrelation coefficient
was calculated for each repeated measurement (Table 1). Ap
value <.05 was considered statistically significant.

Results

The results of skeletal, dental, and soft tissue effects of the
appliances are reported in Table 1. The intracorrelation coef-
ficient of all parameters was acceptable (Table 1). Post-treat-
ment findings for the EA group revealed significant changes
in maxillary base retraction, mandibular base advancement,
increment gonial angle, upper incisors retrusion, overjet
reduction, mesial movement of the lower molar, as well as
retrusion of the lower and upper lip (p<0.05).

Post-treatment findings for the TB group revealed signif-
icant changes in mandibular base advancement, overjet
reduction, mesial movement of the lower molar, upper lip
protrusion, labiomental angle increment, and lower incisors
protrusion (p<0.05).

Intergroup comparison showed that the extent of mandib-
ular base advancement, as well as increase in nasolabial and
labiomental angles was significantly higher in the TB group
(p<0.05). More retrusion in the maxillary base and significant
increase in the gonial angle were observed in the EA group
(p<0.05). There was no significant difference between the
two methods in terms of lower incisor protrusion (p> 0.05).
A high intracorrelation coefficient was found in repeated
measurements in the intra-examiner variability assessment.

Discussion

While patients today desire a beautiful smile or profile
at the end of treatment, they do not want to compromise
on aesthetics during the procedure. This circumstance has
prompted orthodontists to develop novel appliance designs
that can be used as an alternative to traditional methods
(13,19). The priority in these new appliances is aesthetic ap-
pearance and ease of use.

The main issue with functional orthopedic devices, how-
ever, is patient compliance. This is because traditional man-
dibular advancement appliances used by class Il division 1
patients are bulky and cause speech difficulties. Many pa-
tients hardly tolerate these devices, resulting in a failure rate
of nearly 34% (20). The EA appliance was designed to elimi-
nate these drawbacks and increase patient compliance. The
aim of this study was to compare the effects of TB and EA
appliances on skeletal, dental, and soft tissue.

There are many different points of view in the literature
about when to start treatment for class Il division 1 patients
(21). Treatment in the pre-adolescent period is effective, but
it often necessitates a longer retention period. Many stud-
ies have found that these devices are more effective in chil-
dren entering their adolescent growth spurt (22). Thus, only
patients in the MP3cap period were included in our study.
However, some authors suggest that the effect of early treat-
ment is no different than that of a single course of treatment
performed during adolescence (23-25).

According to Clark, a twin block is an appliance designed
for 24-hour wear (26). He claims that use of the appliance
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Table 1: Comparison of skeletal, dental, and soft tissue changes.

Treatment changes

Group 1 (TO-T1) Group 2 (TO-T1) Group 1vs
Parameters ICC N=12EA N=12TB Group 2
MeanzSD Mean£SD Mean+SD Mean£SD
(T0) (T1) P (T0) (T1) P P
SNA (°) 0.948 83.40+3.94 82.38+4.19 0.019 78.68+3.76 78.45+4.61 0.631 0.045"
SNB (%) 0.973 77.10+£3.26 77.74+3.64 0.018" 72.12+2.97 73.88+3.62 0.000° 0.019"
ANB (9 0.913 6.30+1.80 4.62+2.15 0.000" 6.55+1.40 4.58+1.82 0.000 0.958
A/OLp (mm) 0.874 65.98+2.70 67.48+3.29 0.117 66.61+4.43 65.04+5.10 0.220 0.193
Pg/OLp (mm) 0.826 54.58+4.45 58.97+8.54 0.438 54.95+8.02 52.62+6.54 0.117 0.062
N-A-Pg () 0.798 5.11£1.50 4.05+£2.48 0.075 5.88+1.83 4.04£2.26 0.000 0.990
SN/GoGn (%) 0.776 28.53+5.02 29.63+4.85 0.003" 35.39+6.57 35.41+6.44 0.956 0.025"
N-S-Ar (%) 0.868 125.80+4.84  124.63+6.81 0.313 127.87+6.22  128.05+5.62 0.849 0.203
Co-A (mm) 0.809 84.51+4.02 84.06+4.71 0.608 83.47+3.26 83.44+4.51 0.958 0.750
Co-Gn (mm) 0.778 104.02+4.05 106.41+6.54 0.092 101.12+3.44  105.10+4.12 0.000 0.568
L1-NB (mm) 0.932 6.06+2.17 5.40+3.20 0.633 5.46+1.58 7.10+1.53 0.000* 0.458
L1-NB (%) 0.783 28.96+6.12 30.34+8.37 0.632 26.76+6.53 32.22+5.40 0.000 0.114
IMPA (°) 0.933 102.93+10.80 103.29+6.33 0.899 99.24+6.18 102.90+7.0 0.015 0.526
1-NA (mm) 0.956 5.97+1.71 5.50+2.28 0.145 5.94+2.19 541+1.74 0.238 0.922
1/NA (%) 0.950 24.33+4.92 21.20+4.78 0.007" 24.57+7.75 23.48+4.97 0.445 0.275
U1/SN (9 0.888 107.74+£2.95  103.60+3.52 0.003" 103.25+7.48  101.95+6.60 0.371 0.460
U1/L1 () 0.895 120.41+7.17 123.82+10.39  0.241 122.10+£10.28 119.69+7.50 0.267 0.283
Overjet (mm) 0.944 6.84+1.70 3.38+1.27 0.000" 7.63+1.97 2.94+1.04 0.000° 0.373
Molar relation (mm) 0.871 1.58+2.60 -2.79+1.89 0.000" 2.50+1.17 -1.43£1.49 0.000 0.069
Is/OLp (mm) 0.779 69.30+4.01 70.00+5.24 0.685 70.30+7.86 65.90+5.43 0.091 0.080
li/OLp (mm) 0.867 62.46+4.31 66.60+5.61 0.033" 62.66+7.55 62.96+5.30 0.890 0.125
Mi/OLp (mm) 0.839 37.05+4.94 42.33+5.49 0.023" 37.11+£5.54 38.35+4.83 0.562 0.079
Ms/OLp (mm) 0.799 38.60+4.24 39.55+5.67 0.584 39.64.+£5.31 36.92+4.23 0.140 0.219
Upper lip to E line (mm) 0.891 0.02+1.93 -1.91£1.86 0.002" -0.12£2.10 -2.74£1.77 0.001" 0.290
Lower lip to E line (mm) 0.765 1.68+2.29 0.30+2.07 0.044" 0.49+3.16 0.53+2.43 0.927 0.808
Nasolabial angle 0.903 109.99+7.02  108.68+8.10 0.635 102.17£6.96  101.35+7.49 0.753 0.035"
Labiomental angle 0.912 101.63+25.45 116.88+17.95 0.013" 115.72+26.20 133.01+£11.07 0.023" 0.016
Z angle 0.879 73.50+4.13 74.68+3.82 0.097 69.97+4.34 71.16+3.36 0.345 0.652

* Statistically significant changes (p<0.05), SD: Standard deviation, ICC: Intraclass correlation coefficient. Linear and angular cephalometric points measured:
SNA, sella-nasion-point A angle; SNB, sella-nasion—point B angle; ANB, point A-nasion-point B angle; A/OLp, linear position of the maxillary base; Pg/OLp, linear
position of the mandibular base; N-A-Pg , angle between points of nasion, A, and pogonion; SN/GoGn, the angle between Sella-nasion and gonion-gnathion
planes; Co-A, makxillary length; Co-Gn, mandibular real length; L1-NB, lower incisor-nasion/point B line (mm and angle); IMPA, angle between lower incisor long
axis and mandibular plane. 1/NA, upper incisor-nasion/point A line (angle and mm); U1/SN, angle between upper incisor long axis and sella-nasion plane; U1/
L1, interincisal angle; Is/OLp, position of the maxillary central incisor; li/OLp, position of the mandibular central; Mi/OLp, position of the lower first molar; Ms/OLp,
position of the upper first molar; Z angle, porion point/orbital point (Frankfort plane)-line E (Ricketts line profile) angle.

part-time rather than full-time increases the probability of
treatment failure. Class Il elastics, on the other hand, should
be worn for an average of 16 hours per day (27). In the cur-
rent study, patients in both groups were instructed to wear
the appliances full-time (except meals). As a result, device
usage time was not allowed to influence the results. The
forces produced by fixed functional appliances range be-
tween 150 and 200 g for each side (28). In the current study,
participants in the EA group were subjected to a total force
of 300-400 grams, which is similar to the value of fixed func-
tional devices. Significant mandibular base advancement

was observed in both applications. However, mandibular
base advancement was greater in the TB group (Pg / OLp:
4.39 + 8.48 mm) than in the EA group (2.32 + 10.0). In a sys-
tematic review, Janson et al. (29) reported that class Il elas-
tics were effective in correcting class Il malocclusion, but
the treatment effects were primarily dentoalveolar. In the
present study, similar results were found. Significant lower
incisor protrusion was observed in the TB group (IMPA: 3.66
+4.39), but there was no significant lower incisor protrusion
(0.35 + 9.04) in the EA group. Concerning lower incisor pro-
trusion, nevertheless, there was no statistically significant
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difference between the two methods. Giangotti et al. (30)
also reported minimal incisor protrusion in A-P correction
using Essix plates and class Il elastics. As the plates cover all
teeth, this could be related to the strengthening of the an-
chorage of the lower incisors (31). Significant retroclination
of upper incisors was observed in the EA group, which could
be attributed to a reduction in rigidity caused by the appli-
ance being separated by an expansion screw. Upper incisor
palatal tipping, on the other hand, is usually a desirable out-
come in class Il division 1 patients.

Lower molar tooth extrusion is one of the most common
side effects of using long class Il elastics (32). The use of
twin-block causes significant intrusion in the lower molars
(33). The increase in vertical dimension angles was greater
in the EA group (SN / GoGn: 1.10£0.94) than in the TB group
(0.02+1.52) (p=0.025). When the EA device is used in high
angle cases, short class Il elastics may be preferred or the
elastics can be attached from the upper lateral to the lower
second molar.

When the mandible was forced forward by the function-
al appliances, a reciprocal force was exerted distally on the
maxilla, diverting growth (34). While the SNA angle in the
EA group decreased (p=0.019), there was no statistically sig-
nificant difference (p=0.631) in the TB group. These findings
concur with some studies but contradict others (20,35,36).

The changes in soft tissue caused by the two appliances
were relatively similar. However, improvement in the labio-
mental sulcus was greater in the TB group (p=0.023). This
was a reasonable result as the TB group had a greater for-
ward movement of the mandibular base.

The bulky structure of the TB appliance was eliminated
thanks to the EA device design. Speech problems caused by
the TB appliance were clinically observed to disappear when
the EA was used. Other advantages of EA included its ease
of use, lack of a long and complex laboratory process, and
low cost. However, the TB was clearly more durable than the
EA appliance. Similarly, Saleh et al. (37) reported that vac-
uum-formed retainers are more acceptable in terms of ap-
pearance, self-confidence, and comfort.

The limitations of this study included a small sample size
and undertaking it retrospectively. Another limitation of the
study was the lack of a survey to assess ease of use and aes-
thetic expectations. Further studies are required to corrobo-
rate the present findings related to the EA approach.

Conclusion

Class Il malocclusion was corrected using the EA device. A
good occlusion and acceptable profile were achieved. The
use of the TB appliance resulted in greater mandibular base
advancement. There was no statistically significant differ-
ence in the amount of lower incisor protrusion caused by
either application. In patients with high aesthetic expecta-
tions, EA may be preferred over TB. Note that use of the EA in
high angle cases could be risky.

Tiirkge Ozet: iki farkli mandibular ilerletme yénteminin iskelet ve den-
toalveolar etkilerinin karsilastirilmasi: Geleneksel yéntem ve estetik
yaklasim. Amag¢: Bu ¢alismanin amaci iki farkli mandibular ilerletme
yénteminin iskeleletsel, dentoalveolar ve yumusak doku etkilerinin se-
falometrik réntgen élciimleriyle karsilastirlmasidir. Gereg ve Yéntem:
Calismaya fakiiltemiz arsivinden twin-block (TB) veya estetik yaklasim-
la (EY: Essix plaklar+sinif Il elastikler) tedavi edilen yirmi dért Sinif 2

béliim 1 hasta (10 erkek, 14 kiz) dahil edilmistir. EY grubuna 12 birey
(ortalama yas: 12.2+1.0) ve TB grubuna (ortalama yas: 11.8+1.1) 12 yer
almaktaydi. Tedavi 6ncesi ve sonrasi sefalometrik réntgenler lizerinde
14 linear, 14 angular olmak (izere toplam 28 6l¢iim yapilarak aparey-
lerin iskeletsel, dentaoalveolar ve yumusak doku etkileri degerlendirildi.
Analizlerde AudaxCeph 5.0 yazilimi (Ljubljana, Slovenya) kullanildi. Bir
yillik aygit kullanimi sonucunda ortaya ¢ikan degisiklikler her bir grup
icin bagimli rneklem t testi ile degerlendirildi. iki ydntemin etkilerinin
karsilastinlmasinda ise student t-testi kullanildi. Bulgular: Her iki y6n-
temde de mandibular kaidenin belirgin olarak 6ne hareket ettigi gbzlen-
di (p<0.05). Ancak TB grubunda mandibulanin éne dogru hareketi EY
grubundan daha fazlayd (p<0.05). Alt keser protriizyonu agisindan iki
yéntem arasinda fark yoktu. EY aygitinin vertikal yén parametrelerinde
belirgin artisa neden oldugu gézlendi (p<0.05). Sonug: Her iki yéntem
ile de Sinif Il malokltizyon diizeltilerek kabul edilebilir bir okliizyon ve
profil elde edilmektedir. EY ile ortaya ¢ikan diizeltme daha ¢ok dentoal-
veolardir. Ancak estetik beklentileri yiiksek hastalarda TB'ye alternatif
olarak EY tercih edilebilir. Anahtar Kelimeler: Sinif Il malokliizyon, Man-
dibular retrognati, Mandibular ilerletme, Twin-block, Seffaf Plaklar
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Comparison of postoperative pain after the use of different nickel-
titanium instrumentation systems: A randomized clinical trial

Purpose

Postoperative pain is a common complication in endodontics contributed by
multiple etiological factors, which consist canal preparation instruments and
kinematics. The aim of this randomized clinical trial compare the postoperative pain
in terms of intensity and incidence after the use of different nickel titanium (NiTi)
file systems.

Patients and Methods

In this randomized clinical trial (NCT03791762), a total of 150 patients were root
canal treated by 2 experienced endodontists according to a standardised protocol.
The subjects were randomly assigned to 1 of the 3 groups according to preparation
instrument used: ProTaper Next (Dentsply Sirona, Ballaigues, Switzerland), Reciproc
Blue (VDW, Munich, Germany) and WaveOne Gold (Dentsply Sirona). Following
preparation the teeth underwent standardized root canal treatment proceduresin a
single visit. The patients were contacted to gather information about the incidence
of pain and intensity at 6th, 12th, 18th, 24th, 48th, and 72nd hours postoperatively.
The data were analysed using chi-square, one-way analysis of variance and post hoc
Tukey tests and logistic regression analysis with 5% significance threshold.

Results

No significant difference was found among preparation groups in relation to the
intensity of postoperative pain.The incidence of postoperative pain was significantly
linked with the preoperative pain presence with odds ratio values ranging between
2.06 and 4.08 irrespective of the preparation technique (P<0.05).

Conclusion
The effects of reciprocating and the continuous rotary systems on the intensity and
incidence of postoperative pain were found to be similar.

Keywords: Endodontic treatment, WaveOne Gold, postoperative pain, ProTaper Next,
Reciproc Blue

Introduction

Postoperative pain after endodontic treatment is an undesirable
condition that leads to distress for both the clinician and the patient
(1). Frequency of postoperative endodontic pain is common, with a
reported frequency ranging between 25% and 40% (2). Postoperative
pain, which is a complex and multifactorial process, may develop even
following an ideal root canal treatment (3). Several etiologic factors
are considered as predictive factors, including pulpal and periradicu-
lar status, sinus tracts, systemic steroid therapy, preoperative swelling,
the presence and incidence of preoperative pain (4, 5). When encoun-
tered with these predictive factors, clinicians take preoperative and
perioperative measures to manage postoperative pain. These man-
agement strategies may include pre and postoperative use of pharma-
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cologic agents such as the use of antihistamines, parac-
etamol, non-steroidal antiinflammatory drugs (NSAI) and
nonpharmacologic methods that can be used to adapt
treatment procedures such as occlusial reduction, canal
preparation technique, the use of intracanal medica-
ments (6-8). Root canal preparation is emphasized as an
important factor to achieve thorough disinfection along
with high volume of irrigation (7).

Standard root canal preparation has been carried out
with the use of different instruments and kinematics.
Rapid technological advances in the endodontic instru-
mentation systems introduce new design concepts with
the claim of easier and faster preparations that preserve
the original canal shape with considerably less iatrogen-
ic error (9, 10). The manufacturers also claim to achieve
more favorable treatment outcome with less postoper-
ative pain rate. ProTaper Next (PTN) (Dentsply, Sirona)
is a popular continous rotating instrumentation system
which is manufactured from M-wire nickel-titanium (NiTi)
showing enhanced flexibility and fatigue resistance over
conventional NiTi (11). WaveOne Gold (WOG) (Dentsply,
Sirona) is a reciprocating instrument manufactured via
a special thermomechanical treatment termed as Gold
treatment. WaveOne Gold instruments show novel paral-
lelogram cross-sectional shape with 2 cutting edges, and
consist of 4 instruments as 21/06 (small), 25/07 (primary),
35/06 (medium) and 45/05 (large) (12).The Reciproc Blue
(RB) (VDW, Munich, Germany), another thermally treated
reciprocating single-file system with a design identical to
that of its predecessor, the Reciproc with the advance-
ment of Blue wire providing increased fatigue resistance
and flexibility (13, 14). These novel thermally treated sys-
tems have design modifications such as changing tapers,
different cross-sections, variable helicoidal angles that
have been associated with postoperative pain by affect-
ing the amount of extruded debris (15-18).

Debris extrusion is an inevitable complication during the
cleaning and shaping procedures, both with manual stain-
less steel and nickel-titanium rotary instrumentation tech-
niques (15, 19). The instrument kinematics have been im-
proved to minimize the amount of extruded debris during
preparation, while conflicting findings have been reported
regarding the amount of extruded debris by instruments
with continuous rotation or reciprocation in the literature.
Several clinical studies compared reciprocating and rotat-
ing systems and linked instrument kinematics with the
postoperative pain (16, 17, 20-22). A meta-analysis con-
cluded that preparation with rotary instrumentation was
linked with a lower pain incidence compared to the prepa-
ration with reciprocating instruments in single visit cases
(18). According to our literature review, the effect of root
canal preparation using Reciproc Blue and WaveOne Gold
on the incidence and intensity of postoperative pain has
not yet been compared by a randomised controlled clinical
trial. This study aimed to compare the postoperative pain
after use the of PTN, RB or WOG. The null hypothesis was
established as no significant difference was expected in
term of the intensity and incidence of postoperative end-
odontic pain after root canal preparation using any of the
3 instruments.

Patients and methods
Ethical board approval and selection of participants

Study protocol was approved by local university clinical re-
searches ethical board (KAEK/389) and also registered in Clin-
icalTrials.gov (NCT03791762). A priori sample size calculation
was performed using a computational software (G*Power,
G*Power 3.1 for Macintosh, Heinrich-Heine, Disseldorf, Ger-
many) F test family based on the effect size of a previous
study (21). Based on a type | error of .05 and a power of 80%,
a minimum sample size of 39 would be required to detect
differences among groups. Fifty patients per group were in-
cluded to the study due to a possible dropout rate of 10% (n
= 50). Patients with systemic diseases, apical abscess or mul-
tiple teeth requiring treatment, showing signs of systemic
infection, currently taking medications until 7 days prior to
the procedure (analgesic, anti-inflammatory drugs, antibiot-
ics or corticosteroids), or having a drug allergy were excluded
from the study (Figure 1). Subjects were informed about the
study protocol and signed informed consent forms before
treatment. The study included teeth diagnosed with symp-
tomatic/asymptomatic irreversible pulpitis or symptomatic/
asymptomatic apical periodontitis. The clinical diagnosis of
symptomatic irreversible pulpitis was based on positive pulp
sensibility test result, presence of spontaneous pain, linger-
ing provoked pain longer than 30 seconds, and deep caries,
extensive restorations or fractures exposing the pulp. The
clinical diagnosis of asymptomatic irreversible pulpitis was
based on the absence of clinical symptoms and presence of a
deep carious lesion that will eventually result in a large pulp
exposure following removal. Symptomatic apical periodon-
titis was diagnosed according to the presence of painful re-
sponse to biting / percussion / palpation, spontaneous pain
and periradicular radiographical features varying from a nor-
mal periapical structures to a periapical radiolucency, where-
as asymptomatic apical periodontitis was diagnosed accord-
ing to the absence of clinical symptoms, responsiveness to
pulp sensibility tests and the presence of a periapical radiolu-
cency. Thermal and electric pulp tests were performed to de-
termine pulp sensibility. Preoperative periapical radiographs
were taken with a digital radiography system (Sirona Vario
DG, Bensheim, Germany). Two independent blinded endo-
dontists analysed clinical and radiological data sheets, which
was obtained and filled for each subject. A third opinion of
an endodontist was obtained when conflicts arose. Table 1
provides a summary of the baseline demographic and clini-
cal properties of the study groups.
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Figure 1. Flow diagram CONSORT for randomised clinical trials.
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Table 1: Baseline demographic and clinical features of the patients in the study groups.

Baseline demographic and clinical features ProTaper Next, Reciproc Blue, WaveOne Gold Total
n(%) (n=50) n(%) (n=50) n(%) (n=50) (n=150)

Female 26 (31.3) 27 (31.3) 31(37.4) 84
Male 24 (36.3) 23 (34.8) 19 (28.9) 66
Vital 36 (30.7) 42 (35.89) 39 (33.4) 117
Nonvital 14 (42.4) 8(24.2) 11(33.4) 33
Incisor Teeth 5(27.7) 7 (38.8) 6 (33.5) 18
Premolar Teeth 12(31.6) 14 (36.8) 12(31.6) 38
Molar Teeth 33 (35.1) 29 (30.8) 32 (34.1) 94
Frequency of preoperative pain 39(78) 35(70) 42 (84) 116

Treatment procedures

Root canal treatments were performed by 2 endodontists
between June 2018 and December 2018. All treatments
were completed in a single visit. The patients were trained
about the use of visual analogue scale (VAS) forms. Treat-
ment preparation included the administration of 2.0 mL
local anesthesia 4% articaine with adrenaline 1:100.000,
which might be followed by an additional 2.0 mL carpule
of 4% articaine use when necessary. Before treatment 1 of
the 3 sealed envelope, which was written the experimen-
tal group name was selected by a third person, who was
not involved in the study and kept sealed until root canal
preparation phase. Traditional endodontic access cavities
were prepared. Glide path was created with stainless steel
#8, 10, 15 K-files with push and pull motion at apical direc-
tion. Working length (WL) was determined using a 10 K-file
and electronic apex locator (Root ZX Mini, Morita, Kyoto, Ja-
pan) and periapical radiography (Sirona Vario DG, Bensheim,
Germany). Then, the envelope was opened and the subject
was assigned to 1 of the 3 preparation groups according to
the root canal instrumentation system as RB, WOG and PTN.
All instrumentation procedures were performed according
to the manufacturers’ instructions. Patients did not know
which experimental group they were assigned to.

Group PTN. In the ProTaper Next group, following prepa-
ration of the root canals with X1 and X2 instruments at WL,
a 25 K-file was introduced to the canals. If the instrument
was passively introduced to the WL, the root canals were
prepared with subsequent X3 instruments. Then 30 or 40
K-files were introduced to the canals and root canals were
prepared with X4 or X5 instruments when required. The in-
struments were operated with continuous rotary brushing
motion at a speed of 300 rpm and a torque of 2 Ncm using
apex locator entegrated endomotor (VDW Gold, VDW, Mu-
nich, Germany).

Group RB. In the Reciproc Blue group, instrument selection
was performed based on the dimensions of root canals (23).
If a 30 K-file was passively introduced into the root canals
up to WL, this root canal was considered as large and R50
(50.05) instrument was selected. When a 30 K-file failed to
reach the WL and a 20 K-file was introduced into the WL, the
root canal was considered as medium and R40 (40.06) instru-
ment was selected. When a 20 K-file failed to reach the WL,
this canal was considered as narrow and R25 (25.08) instru-

ment was selected. Three pecking motion with 3 mm ampli-
tude followed by removal and cleaning of th e instrument
was performed until the established WL was achieved. The
instruments were operated with Reciproc ALL mode of the
same apex locator integrated endomotor (VDW Gold, Mu-
nich, Germany).

Group WOG. In the WaveOne Gold group, the Small file
(20.07) was used to prepare the root canals if a 25 K-file failed
to reach the WL.When a 25 K-file was passively introduced to
the WL, the Primary file (25.07) was selected for preparation.
When a 25 K-file was passively introduced to the WL, the Me-
dium file (35.06) was selected. When a 35 K-file was passive-
ly introduced to the WL, the Large file (45.05) was selected.
Three pecking motions with 3 mm amplitude followed by
removal and cleaning of the instrument was performed un-
til the established WL was achieved. The instruments were
operated with WaveOne ALL mode of the same apex locator
integrated endomotor (VDW Gold, Munich, Germany).

During preparation of each canal was flushed with 10 mL
of 5.25% NaOCI with a 30-G needle syringe. Patency of the
apical foramen was maintained during all the techniques
by introducing a #10 K-type file (Dentsply Sirona) to a point
0.5 mm beyond the working at each instrument change.
After preparation, final irrigation of each root canal includ-
ed flushing with 5 mL of 17% EDTA, 2.5 mL distilled water
and 2.5 mL of 5.25% NaOCl|, respectively. Then, the canals
were dried with sterile paper points. Root canal obturation
was performed by cold lateral compaction technique using
epoxy resin sealer (AH Plus Jet, Dentsply Sirona, Ballaigues,
Switzerland) and gutta-percha. Coronal restorations were
performed with composite resin filling material (Gradia Di-
rect, GC Dental, Tokyo, Japan). After treatment, the patients
were recommended to take 600 mg ibuprofen only if nec-
essary and record their analgesic intake. Then the patients
were discharged with VAS forms. No prescription was pre-
pared for any medication. Following 3 days, the patients
were contacted via telephone for the record of their postop-
erative 6th, 12th, 18th, 24th, 48th, and 72nd hour VAS scores.

Statistical analysis

Distribution of possible confounding factors such as
gender (female/male), age, pulp sensibility (nonvital/vital),
tooth type (incisor/premolar/molar), and preoperative pain
(present/absent) among groups were tested with chi-square
test. Distribution of postoperative VAS scores was tested for
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normality and confirmed normal distribution. Prior to treat-
ment, the patients were instructed how to complete a visual
analogue scale (VAS) to determine their preoperative and
postoperative pain scores. The VAS forms included a 10 cm
straight horizontal line numbered at each centimetre from
0 to 10. The beginning of the line was defined as ‘0=no pain’
and the ending was defined as’10=the most severe pain
experienced’ Scores of postoperative pain intensity were
analysed with by one-way analysis of variance and post-
hoc Tukey tests. Then a logistic regression analysis was per-
formed to assess the importance of the preparation group
and confounding variables for the prediction of postoper-
ative pain. Model fit was assessed with Hosmer-Lemeshow
goodness of fit statistics. SPSS software (v.18.0; IBM, Chicago,
IL, USA) was used to for all statistical analyses.

Results

A total of 150 patients were enrolled but one patient of
each group was excluded because they could not be con-
tacted for follow-up. None of the patients applied with the
complaint of inter-appointment flare-up. Five patients in the
PTN group (2 paracetamol intake for 3 patients and 1 NSAI
intake for 3), one patient in the RB group (1 NSAI) and four
patients in the WOG group (1 NSAI) reported analgesic in-
take in the first 48 hours.

The distribution of gender, age, pulp sensibility, preopera-
tive pain severity and incidence, and tooth type were found
similar among the experimental groups.

The mean VAS pain scores were shown in the Figure 2.
Preoperative pain scores were similar among groups. At all
postoperative measurement intervals, there were no sig-
nificant differences among preparation groups regarding
the postoperative VAS scores. The frequency of patients re-
ported postoperative endodontic pain in each experimental
group was presented in Table 2.

Table 3 presents the logistic regression analysis results
at each time intervals. Hosmer-Lemeshow tests showed
good level of fit for all time intervals. Only the presence of
preoperative pain variable showed significant influence on
the presence of postoperative pain during the first 24 hour
(P<0.05). Root canal preparation method was not a signifi-
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Figure 2. Mean (standard deviation) values for preoperative and
6 postoperative VAS scores after preparation using ProTaper
Next, Reciproc Blue and WaveOne Gold instruments.

cant predictive factor at all time intervals. When the subjects
had preoperative endodontic pain they tend to report more
pain (P<0.05) with odd ratio values varied between 2.06 and
4.08 irrespective of the preparation system.

Table 2: Number and frequency of patients who reported presence of
pain following root canal treatment at measured intervals, n(%).

6thh 12thh 18thh 24hh 48thh 72ndh
ProTaper 25 17 17 15 11
Next (51.00 (67.3) (67.3) (30.6) (224) 9(18.3)
Reciproc 19 17 13 10
Blue (38.7) (34.6) (25.5) (204) 9(183) 7(14.2)
WaveOne 27 23 19 15
Gold (55.1) (46.9) (38.7) (30.6) 9(18.3) 5(10.2)
Discussion

The use of reciprocating instruments was correlated with
increased postoperative pain incidence compared to con-
tinuous rotation in parallel to greater amount of apically ex-
truded debris reports (18, 22, 24, 25). However the effect of
instrument kinematics on the amount of extruded debris is
not evidenced in the presence of the various conflicting re-
sults caused by the use of different instruments varying with
cutting efficacy, alloy type, cross-sectional shape, number
of files used, pitch design and taper (22). As an attempt to
standardise the instrument related factors, an in vitro study
compared the debris extruded during reciprocation and
continuous rotation using the same instrument and report-
ed that the continuous rotation caused significantly greater
amount of extruded debris, while another study also stan-
dardized the instrument and reported similarity between re-
ciprocation and continuous rotation (25-27). Well designed
randomized clinical trials are warranted to evaluate the ef-
fect of different instrumentation systems on postoperative
pain since in vitro results may not apply to clinical situations.
Therefore, the aim of this prospective clinical trial was to
compare the incidence and intensity of postoperative pain
after the use of different NiTi instrumentation systems. Since
the results of the study revealed similarity among RB, WOG
and PTN; the null hypothesis was not rejected.

Various instrumentation systems were associated with the
some degree of postoperative pain (16, 20, 21, 26-28). Two
clinical trials reported similarity regarding the intensity of
postoperative pain between OneShape and reciprocating
single file groups; WaveOne and Reciproc (29, 30). Creation
of glide path with reciprocating or rotating instruments
caused similar degree of postoperative pain (31). Another
randomized trial reported that the use of PTN or Reciproc
exerted a similar impact on quality of life (32). The results
of the present study showed that no significant difference
was observed in the incidence of postoperative pain after
use of PTN, RB, and WOG. These results are in accordance
with those clinical trials, however the compared instruments
were different apart from the comparison of reciprocation
and rotation motions (18, 22, 28). The differences might
stem from methological differences, including subject num-
ber and randomization, the use of different irrigation agents
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Table 3: Odd ratios, 95% confidence intervals (Cl) and associated p values for logistic regression models of the data of the postoperative pain

incidence for each measurement intervals.

Timeinterval Variable P value (95%ClI) Odds ratio

ProTaper (reference) 0.26 -
WaveOne Gold 0.86 (0.39-2.17) 0.92

Preoperative pain presence (absent vs. present) 0.04 (1.29-6.41) 2.29

Group

Reciproc Blue 0.26 (0.09-3.75) 1.61
12" hour

Gender (female vs. male) 0.64 (0.42-1.7) 0.84

Vitality (nonvital vs. vital) 0.11(0.2-1.26) 0.50
ProTaper (reference) 0.49 -
WaveOne Gold 0.91 (0.4-2.2) 0.95

Preoperative pain presence (absent vs. present) 0.01(1.3-12.9) 4.08

Group

Reciproc Blue 0.22 (0.6-4.7) 1.81
24" hour

Gender (female vs. male) 0.26 (0.7-3.52) 1.58

Vitality (nonvital vs. vital) 0.09 (0.11-1.18) 0.37
ProTaper (reference) 0.71 -
WaveOne Gold

0.43 (0.54-4.18) 1.50

Preoperative pain presence (absent vs. present) 0.08 (0.85-17.9) 3.90

Group
Reciproc Blue 0.49 (0.48-4.43) 1.47
Gender (female vs. male) 0.70 (0.45-3.21) 1.21
Vitality (nonvital vs. vital) 0.83(0.26-2.9) 0.88

with different volumes, variances in tooth types, the choice In the present study, postoperative pain intensity was the

of blinding procedures, which pain scales were used, and  highestin the early hours postoperative and then decreased
varying follow-up durations. substantially after 48 hours in all groups, which is congruent
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with the existing literature (32, 33). The frequency of severe
and moderate pain decreased by the time as the frequen-
cy of mild and no pain increased. Interestingly, WOG group,
which showed the greatest incidence of postoperative pain
among groups (n=27) also showed the greatest reduction
from 55% to 10% from 6th hours to 72nd hours. In RB group
least postoperative pain incidence was detected with 19 pa-
tients. It is also worth to mention that mean postoperative
pain values at postoperative 6th hours were below 3 in all
preparation groups. The persistence of mild pain might be
related to the continuing inflammatory processes particular-
ly in the presence of preexisting periradicular inflammation
or injection wounds, pressure of the rubber dam clamp, or
the discomfort due to prolonged mouth opening.

Kherlakian et al. (21) compared the postoperative pain fol-
lowing preparation with PTN, Reciproc and WaveOne instru-
ments in 210 healthy teeth root canal treated for prosthetic
rehabilitation and reported similarity between rotary and re-
ciprocating systemsin agreementwith the present study also
evaluating PTN with novel reciprocating instruments (21).
However, apart from the different alloys Blue and Gold wire,
the design of the RB is identical with Reciproc instruments,
while WOG displays less taper and different cross-sectional
shape from WaveOne. WaveOne instruments were reported
to extrude greater amount of debris compared to WOG due
to its greater taper and triangular cross-section that causes
screwing effect pushing the debris apically (34). Increased
flexibility of the thermally treated NiTi alloys have been indi-
cated to lead a decreased amount of extruded debris (34). In
the present study, no difference was detected between re-
ciprocating and continuous rotation groups. In all subjects,
glide path was created or followed, patency was achieved;
irrigation solution, volume and technique were standard-
ized and manufacturers’ recommendations were strictly
followed during instrumentation. Along with these factors
and homogenous distribution of demographic factors and
preoperative pain incidence in groups might contribute to
the similarity among instrumentation techniques in terms of
postoperative pain occurrence and intensity.

Apical patency has been discussed due to the potential
apical extrusion of infected debris risk with the assumption
that it would increase postoperative pain. Two recent me-
ta-analyses concluded that maintanence of patency does
not increase postoperative pain and analgesic intake (35,
36). Based this information, apical patency was maintained
in our study.

Standardization of all possible confounding variables
would clarify the actual effect of the investigated variable on
the postoperative pain levels. However, given the large sam-
ple size and multifactorial nature of the endodontic pain,
elimination of all confounding factors would not be possi-
ble, which constitutes a major limitation. Therefore, in the
present study the homogenous distributions of subject re-
lated factors such as gender, tooth type, pulp sensibility and
the preoperative pain were confirmed. The effects possible
confounding factors on the incidence of postoperative pain
was also analysed. Some studies have concluded that vari-
ables such as gender, age, tooth type and preoperative pain
are significant factors for the development of postoperative
pain (4, 37). The presence of preoperative pain emerged as
a significant factor for the incidence of postoperative pain

apart from patient gender, tooth type and preparation
group. These findings are in accordance with the previous
literature that reported that greater postoperative pain inci-
dence is significantly linked with the presence of preopera-
tive pain (5, 38). Today, preoperative pain is considered as a
significant factor for the prediction of postoperative pain (2,
3).Therefore, patients whose chief complaint is endodontic
pain could be warned about probable postoperative pain
and possible need for analgesic intake.

In the present study subjective nature of the pain evalua-
tion method could be considered as a limitation. The visual
analogue scale was used to assess pain levels as it is a ba-
sic method with greater reliability, validity and sensitivity
than descriptive scales (39, 40). Pain was followed up to 72
hours after the completion of root canal treatment as the in-
cidence and intensity of pain were the greatest in the first
24 hours and then decreased substantially after 48 hours.
As the follow up period of postoperative pain included the
first 48 to 72 hours after treatment in several clinical stud-
ies (41, 42). Another limitation was the inability of blinding
the operators regarding the groups; however, assignment of
the patients to the experiment groups was performed after
working length determination just prior to the root canal
preparation step to minimize a possible selection bias. All
patients included in the study were treated in a single visit.
Therefore, the findings of the present study can not be ap-
plied or interpreted for multiple-visit treatments, which war-
rants for further randomized clinical trials.

Conclusion

Within the limitations of the present randomized clinical
trial, Reciproc Blue, WaveOne Gold and ProTaper Next canal
preparation systems had similar postoperative pain intensi-
ty and incidence following single visit root canal treatment.
The presence of preoperative pain was the most significant
predictive factor for the occurrence of postoperative pain.

Tiirkge Ozet: Farkli Nikel-Titanyum Enstriimantasyon Sistemlerinin Kul-
lanimi Sonrasi Postoperatif Agrinin Karsilastinlmasi: Randomize Klinik
Galisma. Amag: Postoperatif agri, kanal preparasyonunda kullanilan
aletler ve kinematiklerinin de icinde bulundugu ¢ok sayida etiyolojik
faktoriin sebep oldugu endodontide sik gértilen bir komplikasyondur.
Bu randomize klinik ¢alismanin amaci, farkli nikel titanyum (NiTi) ege
sistemlerinin kullanimindan sonra postoperatif agrinin yogunlugunu
ve insidansini karsilastirmaktir. Gere¢ ve Yéntem: Bu randomize klinik
calismada (NCT03791762), toplam 150 hastaya standart bir protokole
gdre iki deneyimli endodontist tarafindan kék kanal tedavisi uygulandi.
Denekler, kullanilan preparasyon sistemine gére 3 gruptan birine rast-
gele atandi: ProTaper Next (Dentsply Sirona, Ballaigues, isvicre), Recip-
roc Blue (VDW, Miinih, Alimanya) ve WaveOne Gold (Dentsply Sirona,
Isvicre). Kanal preparasyonunun ardindan dislere tek seans standardize
kanal tedavisi prosediirleri uygulandi. Hastalarla postoperatif 6., 12.,
18., 24., 48. ve 72. saatlerde agri insidansi ve siddeti hakkinda bilgi al-
mak icin iletisime gegildi. Veriler, ki-kare, tek yénlii varyans analizi ve
post hoc Tukey testleri ve% 5 anlamlilik esigi ile lojistik regresyon ana-
lizi kullanilarak analiz edildi. Bulgular: Gruplar arasinda postoperatif
adrinin siddetine gére anlamli bir fark olmadidi tespit edildi. Postop-
eratif agn insidansi, instrumantasyon sistemlerine bakilmaksizin 2.06
ile 4.08 arasinda dedisen odds oranlari ile preoperatif agri varligi ile
anlamli iliski gésterdi (P <.05). Sonug: Postoperatif agrinin siddeti ve
insidansi agisindan resiprokasyon yapan ve devamli rotasyon yapan
sistemler benzer bulunmustur. Anahtar kelimeler: Endodontik tedavi;
WaveOne Gold; postoperatif agri; ProTaper Next; Reciproc Blue
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