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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.

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.

Before you begin
Disclaimer and copyright

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

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

Articles may not be published elsewhere, in
whole or in part, electronically or in print,
without written permission from the Edi-
tor-in-Chief. The responsibility of the con-
tent(s) and/or opinion(s) provided in the ar-
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.
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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
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:
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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

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 c¢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
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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,
Sl 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-
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 corner
of the page footer. Abstracts should not ex-
ceed 250 words for original research papers
and should be structured to include Purpose,
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Materials and Methods, Results, Conclusion
headings written in bold letters. 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.

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:

A-IV
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. Title page

«  Abstract & Keywords

+ Introduction

«  Materials and Methods (or Subjects and
Methods)

+  Results

. Discussion

«  Conclusion

«  Acknowledgements (optional)

- Source of funding

. Conflict of Interest

«  References

Introduction should provide a concise account
of the research problem and introduce the read-
er 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 pur-
pose and significance of the studly.

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).

A-V

uropean

Oral Research

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 Scienc-
es (SPSS) for Windows software, version 16.0
(SPSS Inc., Chicago, IL, USA). The standard de-
scriptive methods such as the mean, standard
deviation, median, frequency, minimum and
maximum were applied to determine the char-
acteristics of the sample. The chi-square test
was used to compare the categorical demo-
graphic 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-Whitney U tests were used
for the multiple and pairwise comparisons,
respectively. The correlations between at least
two continuous variables were examined us-
ing Pearson’s correlation coefficient. Stepwise
regression analysis was performed to under-
stand 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 scores of the groups was statistically
significant 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
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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 O then use :“45.6+23.4".

Provide p values between parentheses at the
end of the sentence before the period. if p
valueis 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

< 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
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summarize the current state of understand-
ing on a particularly important topic in den-
tistry based on previously published data,
preferably written by authoritative figures of
that field. A minimum of 50 references must
be cited. Authors are encouraged to use
headings of their own choosing between In-
troduction and Conclusion sections.

This type of manuscript should be organized
as follows:

«  Title page

+  Abstract & Keywords

« Introduction

«  Conclusion

«  Acknowledgements (optional)
«  Source of funding

«  Conflict of Interest

«  References

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

Letter to the Editor

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

Acknowledgements

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

Source of funding

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

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

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

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

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

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

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

References

Eur Oral Res recommends the use of refer-
ence management software to ensure that
the references are correctly formatted. All au-
thors must be included in this section, in con-
trast to the in-text citations. Journal abbrevi-
ations should be formatted according to the
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Prevalence of ectopic eruption of first permanent molarsin a

Turkish population

Purpose

The aim of this study was to investigate the prevalence and characteristics of
ectopically erupting first permanent molars (FPMs) in children attending the clinics
of the Pediatric Dentistry Department at istanbul University.

Materials and methods

This retrospective study was performed using panoramic radiographs of 7,649
patients (3,506 females and 4,143 males) aged from 5 to 11 years. The age and
gender of the subjects, the number and location of the ectopic molars, bilateral
versus unilateral occurrence, the degree of resorption of the roots of the primary
molars, and other associated dental anomalies were assessed. Ectopic eruption was
categorized according to a grading system based on the resorption rates of the
primary molars.

Results

Of the 7,649 reviewed subjects, 203 (118 males and 85 females) were diagnosed with
ectopic eruption of the FPMs, resulting in a frequency of 2.65%. The mean age of the
subjects with ectopic FPMs was 6.82+1.25 (range: 5-11) years. Of the 273 ectopic
FPMs, 157 (57.5%) were detected in the maxilla and 116 (42.5%) in the mandible.
Severe and very severe degrees of ectopic eruption were found to be more common
in the maxilla than in the mandible, whereas a moderate degree of ectopic eruption
was more prevalent in the mandible (p=0.251).

Conclusion

To our knowledge, this is the first study in a Turkish population reporting the
prevalence of ectopic eruption of FPMs. Although the difference between the right
and the left sides was not significant, the severity of ectopic eruption was different
between the maxilla and the mandible.

Keywords: Ectopic eruption, prevalence, resorption of primary second molar,
panoramic radiography, pedodontics

Introduction

Ectopic eruption of the first permanent molar (FPM) is a local eruption
disturbance characterized by the abnormal eruptive pathway of FPM
causing the permanent tooth to be locked under the distal undercut of
the second primary molar and failure to erupt into normal occlusal plane
(Figure 1) (1-3). The prevalence of ectopic eruption of FPMs varies from
0.75% to 6% in different populations worldwide (1, 4, 5). The differences
in these rates are attributed to the group size, age range of the popula-
tion and caries status (6). Ectopic eruption of FPMs can be associated with
other dental anomalies such as infraocclusion of primary molars (7, 8),
agenesis of the second premolars (7, 9), supernumerary teeth (9) and re-
duced size of maxillary lateral incisors (7). Additionally, ectopic eruption
of the permanent canines has been associated with the ectopic eruption
of the first permanent molars (8). Although the etiology of the ectopic
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Figure 1. Intraoral view and panoramic radiograph of a 10-year-old girl with ectopically erupted maxillary first permanent molars.

FPMs is not well known, it is considered to be multifacto-
rial, including a genetic component and local factors. The
increased prevalence in siblings suggests a hereditary com-
ponent (10). Possible etiologic factors of this anomaly are
insufficient intercuspid and anteroposterior growth of the
jaws, asynchronization between eruption of the FPMs and
bone growth at the tuberosity region, smaller maxilla, pos-
terior position of the maxilla in relation to the cranial base,
abnormal eruption angle or delayed calcification of the FPM,
and abnormal crown morphology of the second primary
molars (1, 3, 9).

Early diagnosis of this anomaly can be made during a rou-
tine radiographic examination before the eruption of FPMs,
usually between five and seven years of age. The earliest ra-
diographic sign of ectopic eruption is the superiorly and me-
sially directed FPMs. Clinician should also have a suspicion for
ectopic eruption if there is a delay (more than 6 months) or
abnormal eruption position of one or more FPM compared
with the other FPMs (2, 11).

To date, there have been no studies relating to prevalence
of ectopic eruption of FPM in Turkish population. Therefore,
the aim of the present study was to investigate the preva-
lence and characteristics of ectopically erupting FPM in Turk-
ish population.

Materials and methods
Study sample

This project has been reviewed and approved by the
Ethical Committee of istanbul University, Faculty of Den-
tistry (2016/54). Informed consent was waived due to the
retrospective design. The present study was performed
using panoramic radiographs of 7649 patients (3506 fe-
males, 4143 males) ranging in age from 5 to 11 (mean age;
8.15+1.649) subjected to Pediatric Dentistry Department
at Istanbul University between the years 2010 and 2013.
Children were included in the study if their permanent mo-
lars were present at the time of evaluation. Children suffer-
ing from any syndrome or craniofacial malformations were
excluded from the study. The age and gender of the sub-
ject, the number and location of the ectopic molars, bilat-
eral versus unilateral occurrence, the degree of resorption
on the roots of the primary molars and the other associat-
ed dental anomalies were assessed by a single investigator
(pediatric dentist).

Panoramic imaging

Panoramic radiographs were taken with the Kodak 8000 Dig-
ital Panoramic Machine (Kodak Dental Systems, Carestream
Health, Inc., Rochester, NY, USA) using the parameters as 65-68
kVp, 2-3.2 mA for infants and 5-6.5 mA for adolescents.

lmage assessment

Ectopic eruption was categorized according to a grad-
ing system proposed by Barberia-Leache et al. (11), which is
based on the resorption rates of the primary molars. Although
the original classification has four grades of resorption (mild,
moderate, severe and very severe), the present study classi-
fied the resorption rates using a three-grade system (moder-
ate, severe and very severe) (Figure 2). Mild cases were not
included in the current study in order to eliminate the errors
which may result from the diagnostic difficulty in differenti-
ating a mild form ectopic eruption from a non-ectopic teeth.
The distribution and frequency of ectopic FPMs were calculat-
ed with respect to dentition type (maxilla/mandible, left/right
side), ectopic eruption type and associated dental anomalies
including tooth agenesis, supernumerary teeth, macrodon-
tia/microdontia and infraocclusion.

Statistical analysis

Statistical tests were carried out using SPSS software
(version 21.0; IBM, Armonk, NY, USA). Statistical analysis
included descriptive statistics, frequencies, and cross-
tabs with chi-square analysis. Confidence level was set
to 95% and p values less than 0.05 were considered sig-
nificant.

Results

Of the 7649 reviewed cases, 203 subjects (118 males
and 85 females) were diagnosed with ectopic eruption
of the FPMs, giving a frequency of 2.65%. Ages of the
subjects with ectopic FPMs ranged between 5 and 11
years with a mean age of 6.82+1.25 years. Distribution of
ectopic eruption according to gender shows that there
was a slightly higher prevalence in males (2.85%) than
in females (2.42%) with no statistically significant differ-
ences (x?>=1.320, p=0.251) (Table 1). 133 children had one
ectopically erupted tooth whereas 70 children had two
ectopically erupted teeth. The distribution and the type
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Figure 2. a-c. Representation of the grades: (a) moderate, (b) severe, (c) very severe degree of resorption of the second deciduous molar (modified

from the classification of Barberia-Leache et al. (11)).

Table 1. Distribution of ectopically erupted first permanent molars according to gender (n=7649)

Ectopically erupted n (%)

Gender Female 85 (2.42)
Male 118 (2.85)
Total 203 (2.65)

Normal n (%) Total n (%) p
3421 (97.58) 3506 (100) 0.251
4025 (97.15) 4143 (100) x2=1.320
7446 (97.35) 7649 (100)

Table 2. Distribution of the type of ectopically erupted first permanent molars (FPM) stratified by the severity of ectopic eruption

Quadrant of the ectopic FPM

Maxillary Mandibular

Right FPM Left FPM Left FPM Right FPM Total

n (%) n (%) n (%) n (%) n (%)
Moderate n (%) 36(13.19%)  38(13.92%)  40(1465%)  53(19.41%) 167 (61.17%)
e n (%) 30 (10.99%) 25 (9.16%) 13 (4.76%) 6 (2.2%) 74.(27.11%)

ect0p|c erupt|0n

Very severe n (%) 17 (6.23%) 11 (4.03%) 3(1.1%) 1(0.37%) 32 (11.72%)
Total n (%) 83 (30.4%) 74(27.11%)  56(20.51%)  60(21.98%) 273 (100%)

Table 3. Distribution of the associated dental anomalies according to the subjects with ectopically erupted and nonectopically erupted molars

Ectopically erupted n (%)

Yes 2(0.99)
Infraocclusion

No 201 (99.01)

Yes 10 (4.93)
Tooth agenesis

No 193 (95.07)

Yes 4(1.97)
Supernumerary teeth

No 199 (98.03)

Yes 1(0.49)
Macrodontia

No 202 (99.51)

Total 203 (100)

Normal n (%) Total n (%) p
76 (1.02) 78 (1.02)
1.00
7370 (98.98) 7571 (98.98)
398 (5.35) 408 (5.33)
0.793
7048 (94.65) 7241 (94.67)
178 (2.39) 182 (2.38)
1.00
7268 (97.61) 7467 (97.62)
1(0.01) 2(0.03)
0.052
7455 (99.99) 7647 (99.97)
7456 (100) 7649 (100)

of ectopic eruption recorded for these 273 teeth are pre-
sented in Table 2. The most commonly affected tooth was
found to be maxillary right FPM followed by maxillary left
FPM, and then mandibular left FPM and mandibular right
FPM.

The anomaly occurred unilaterally in 144 affected patients
(70.9%) and bilaterally in 59 patients (29.1%). Right-sided
unilateral ectopic eruption was more common than left sid-
ed unilateral ectopic eruption. 157 out of 273 ectopic FPMs
(57.5%) were detected in the maxilla and 116 (42.5%) in the
mandible. Chi-square test revealed a significant association
between the severity of ectopic eruption and the affected

jaw (maxilla or mandible) (x>=32.245, p<0.001). Severe and
very severe degree of ectopic eruption were found to be
more common in maxilla than in mandible while moderate
degree of ectopic eruption was more prevalentin mandible.
No significant association was found between ectopic erup-
tion and the presence of other dental anomalies (p>0.05).
Seventeen subjects (8.37%) with ectopic FPMs exhibited
other dental anomalies including tooth agenesis (%4.93),
supernumerary teeth (%1.97), infraocclusion (%0.99) and
macrodontia (%0.49). The most common associated anom-
aly was tooth agenesis and was only seen in 10 subjects
(Table 3).
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Discussion

The prevalence rate of ectopic eruption of FPMs has been
reported to be between 0.75-6%. Higher incidence rates
have been noted in subjects with cleft lip and palate (12-
15). Kurol and Bjerklin (10) reported that the prevalence in
siblings was 19.8% whereas the general population showed
a prevalence of 4.3%. The increased prevalence in siblings
may also suggest a hereditary component of this anomaly.
The largest study, carried out by Salbach et al. (16), found
ectopic eruption of FPM in 1.3% of a sample of 8041 kin-
dergarten and school children aged 5-9 years. To the best
of our knowledge, the present study is the second largest
prevalence study in ectopic eruption after the study of Sal-
bach et al. (16). This is also the first prevalence study carried
out in Turkish population. Although the sample size and age
of the children investigated in the present study are simi-
lar to those of Salbach et al. (16), their results on the preva-
lence was lower than that of the present study. This can be
due to the fact that the current study was performed in a
university hospital set up not in the general population as
in the study of Salbach et al. No relationship was found be-
tween the presence of ectopic eruption and gender in the
present investigation. This is in agreement with the most of
the previous studies (1,4, 5, 11, 16). No significant difference
was found between the right and left side and this result is
consistent with those of previous studies (2, 4, 11, 16, 17).
Contrary to the findings of most previous studies and the
present study, Barberia-Leache et al. (11) reported that ec-
topic eruption on the right side is more frequent and of a
greater severity than in the left side. In the present study,
the prevalence of ectopic eruption of FPMs in the maxilla
was similar to that in mandible. This result is in agreement
with the findings of study by Chintakanon and Boonpinon
(1), whereas this is contrary to the findings of most previ-
ous studies (2, 4, 16) who found that ectopic eruptions were
more frequent in the maxilla than in the mandible.

The severity of ectopic eruption of FPM and the resorption
degree of the second primary molar roots were greater in the
maxilla than in the mandible. Similar results were reported by
Chintakanon and Boonpinon (1) and they proposed that this
is related to where ectopic molar crown impacts the second
primary molar. In mandible, ectopic molar crown impacts
mostly at the crown which is composed of enamel and there-
fore resorption is slight. On the other hand, in maxilla, ecto-
pic molar crown impacts under the cementoenamel junction
thus the chance for resorption is greater (1).

In the present study, a total of 17 (8.37%) patients with ec-
topic eruption were also found to have radiographic evidence
of one or more dental anomalies involving mostly tooth
agenesis (4.9%) and supernumerary teeth (1.97%). Contrary
to our finding, Mooney et al. (2) reported that 60.7% of the ex-
amined patients with ectopic molar eruption had at least one
other dental anomaly: primary molar infraocclusion being the
most common (n=9; 32.1%) followed by hypodontia (n=8;
28.6%), cleft lip and/or palate (n=7; 25%) and supernumerary
teeth (n=5; 17.9%). The conflicting results are probably relat-
ed to the differences in sample size and inclusion criteria of
the subjects, as the study by Mooney et al. (2) was performed
in 28 subjects and included the subjects with a cleft lip and/or
palate while the present study was conducted in 203 subjects

and patients with cleft lip and/or palate were not included.
Evidence suggests that individuals with cleft lip and/or palate
had a higher incidence of dental anomalies so the inclusion of
cleft patients may have been resulted in greater prevalence of
dental anomalies in ectopic molar patients.

Early diagnosis of ectopic eruption is essential for the de-
livery of appropriate treatment. If the resorption degree is
slight or moderate, no treatment is required and sponta-
neous self-correction can be expected. However, if the re-
sorption degree is severe or very severe, the majority of the
cases do not self-correct and treatment is needed (11). If ap-
propriate treatment cannot be provided, this may result in
premature loss of the second primary molar, resultant space
closure in the area and potential impaction of the second
premolar (2, 5).

Conclusion

The present study, which investigated the prevalence of
ectopically erupted first permanent molar in 7649 Turkish
subjects, is the first to describe the prevalence of ectopic
eruption in Turkish population. No statistically significant dif-
ferences were observed by gender. The incidence of ectopic
eruption did not differ between the right and left side or max-
illa and mandible. The severity of ectopic eruption of FPM and
the resorption degree of the second primary molar roots were
greater in the maxilla than in the mandible.
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Tiirk¢e 6z: Tiirk populasyonunda stirekli birinci biiyiik azi dislerinin
ektopik siirme prevalansi ve dagilimi. Amag: Bu ¢alismanin amaci Is-
tanbul Universitesi Pedodonti Anabilim Dali'na basvuran cocuklarda
ektopik stirmis stirekli birinci bliylik azilarin prevalansinin ve karakter-
istik ézelliklerinin arastinlmasidir. Gereg ve Yontem: Calismada yaslari
5-11 arasinda dedisen 7649 hastanin (3506 kiz, 4143 erkek) panoramik
réntgenleri retrospektif olarak incelenmistir. Hastanin yasi ve cinsiyeti,
ektopik birinci bliylik azilarin sayisi ve lokasyonlari, bilateral ya da uni-
lateral oluglari, ikinci siit azilarinin koklerindeki rezorpsiyon dereceleri
ve gbzlenen diger anomaliler ¢alisma kapsaminda degerlendirilmistir.
Ektopik stirme siddeti stit azilarin kéklerindeki rezorpsiyonun dereces-
ine gére siniflandiriimigtir. Bulgular: incelenen 7649 hastadan 203’iinde
(118 erkek, 85 kiz) ektopik birinci molar gézlenmistir (%2,65). Yaslar
5-11 arasinda degisen olgularin ortalama yaslari ise 6,82+1,25 olarak
bulunmustur. Toplam 273 ektopik olarak siirmiis birinci blyik az
disinden 157'si (%57,5) Ust cenede, 116's1 ise (%42,5) alt cenede gé-
zlenmistir. Siddetli ve cok siddetli derecelerdeki ektopik birinci blyiik
azilar Ust cenede alt ¢eneye gore daha sik gozlenirken, orta dere-
cedeki ektopik birinci buyiik azilar alt cenede siklikla gozlenmistir
(p=0,251). Sonug: Bu ¢alisma Tiirk toplumunda ektopik birinci biiylik azi
gortilme sikhgini belirleyen ilk calismadir. Sag ve sol taraflarda farklilik
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olmamasina ragmen, ektopik siirme siddeti alt ve st ceneler arasinda
farkhhk gostermektedir. Anahtar kelimeler: Ektopik siirme, prevalans,
stit ikinci azilarinin rezorpsiyonu, panoramik radyografi, pedodonti
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Oral health behavior differences between dental students in

graduate and doctoral programs

Purpose

This study aimed to compare oral health behavior between dental students in
graduate programs and those in doctoral programs (PhD students) and determine
the effects of parental education and occupation on these behaviors.

Materials and Methods

A questionnaire on oral health behaviors was distributed in a faculty of dentistry
in Ankara, Turkey. A total of 629 questionnaires were distributed, and 528 dental
graduate and 101 PhD students responded. Parental education and occupation
were also recorded, and data were statistically analyzed.

Results

Statistically significant differences were found between the two groups with respect
to the frequency of replacing toothbrush (p=0.001), use of electric toothbrush
(p<0.001), frequency of brushing (p<0.001), amount of water used to rinse mouth
(p<0.001), toothpaste selection criteria (p<0.001), use of dental floss (p<0.001),
amount of toothpaste used for brushing (p=0.018), frequency of professional
care (p<0.001), and sugar consumption (p<0.001). The PhD group showed more
favorable outcomes for these behaviors except for toothpaste selection. Parental
education and occupation were correlated with higher frequencies of flossing and
mouth rinsing.

Conclusion

The outcomes of this study show that the self-reported quality of overall oral health
behavior is more pronounced in PhD students than in graduate students, with the
exceptions of behaviors regarding the duration of brushing, toothpaste selection
criteria, and use of mouth rinse. The current dental curriculum in the universities
should be revisited with respect to oral health attitudes. This study also implies
that educational and occupational status of parents had little effect on oral health
behavior of the students, including the use of dental floss and mouth rinse.

Keywords: Oral health, toothbrushing, education, professional, parents

Introduction

Dental students, the future leaders in oral health care, have an import-
ant role in educating and promoting public oral health (1-3). Dental stu-
dents in general have been found to have a positive attitude towards oral
health (4, 5). Oral health behavior of dental students must be improved if
they are to serve as positive models for their patients, families and friends
(6-9).

There are several studies about oral health attitudes and behavior of
dental students (10-25). Most of these studieshave been carried out using
the Hiroshima University Dental Behavioral Inventory (HU-DBI) question-
naire developed by Kawamura (10-12, 14, 15, 17-21, 25). Some partici-
pants in the surveys were from all academic years (10, 12, 15, 17-20, 25)
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and others were from only final years of university (13, 14,
16).Yildiz and Dogan (25) and Peker et al. (19) compared the
oral health attitudes and behavior of preclinical students to
clinical students. Tseveenjav et al. (24) evaluated cross-sec-
tional and longitudinal comparison among clinical dental
students. Rong et al. (22) administered the HU-DBI ques-
tionnaire to medical and dental students when they were in
years 1 and 5 of their university.

There has been a lack of information about oral health atti-
tudes and behavior of dental students in doctoral (PhD) pro-
grams. Most research about oral health attitudes and behavior
of dental students in Turkey has been done by administering
the HU-DBI questionnaire (12, 18, 19, 25). HU-DBI question-
naire was developed to understand patients’ perceptions of
oral health (26), a structured questionnaire containingmore
specific questions related to oral health behaviorswas devel-
opedfor this study. The study aimed to compare the effects
of educational level on oral health behaviors of dental and
PhD students. Also, possible effects of educational level and
occupational status of parents on these behaviors were in-
vestigated. Main null hypothesis tested in this study was that
there is no difference in any of the study questionnaire items
between dental and PhD students.

Materials and methods
Study sample and administration of the questionnaires

A 17-item questionnaire was prepared regarding oral
health behaviors. Before conducting a full-scale surve-
yin the Ankara University in the city of Ankara, Turkey, the
questionnaire was pretested with 35 subjects who were
representative of the study sample. After testing accuracy
and comprehension of the questions, the self-administered
guestionnaire was delivered to a larger population. This
study had exemption from institutional ethics review board
of the university. Graduate level dental school education in

Percentage of
responses
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Figure 1. Frequencies of flossing in dental students and PhD trainees.
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Figure 2. Frequencies of replacing toothbrush in study groups.

Turkey takes 5 years. PhD programs including Endodontics,
Periodontology, Oral and Maxillofacial Surgery, Dento-Max-
illofacial Radiology, Orthodontics, Pedodontics, Prostho-
dontics take about 4 years. The questionnaire was carried
on 528 volunteer dental students in graduate level and 101
volunteer students in PhD programs. The survey was com-
pleted anonymously. Questionnaire items are shown in Ta-
ble 1. Age, gender, academic year data, educational and oc-
cupational status of parents were also recorded. ISCED 2011
(International Standard Classification of Education) was
used for the educational status and ISCO-08 (International
Standard Classification of Occupations) for the classification
of the occupational status of the parents. Oral health behav-
iors of dental students and students in PhD programs were
compared. The correlation between the educational/occu-
pational status of parents and the behaviors of both dental
and PhD students were examined.

Statistical analysis

The collected datafrom both groups were imported to Sta-
tistical Package for Social Sciences (SPSS) for Windows soft-
ware, version 10.0 (SPSS Inc.; Chicago, IL, USA). The standard
descriptive methods such as the mean, standard deviation,
median, frequency, minimum and maximum were applied
to determine the characteristics of the sample. Pearson’s chi-
square test was used to compare the categorical demograph-
ic variables among the groups. Because the distribution of
the data did not meet the requirements for normality and ho-
mogeneity of variances assumptions. The confidence interval
was set to 95% and p values less than 0.05 was considered
statistically significant.

Results

Of the 528 participants, 417 were female and 212 were
male.Frequency distribution of number of the students ac-
cording to their academic year were as follows: 150 in the
first year (28%), 109 in the second year (21%), 107 in the
third year (20%), 83 in the fourth year (16%), 79 in the fifth
year (15%).

The PhD students reported higher frequencies of floss-
ing (60.40% PhD, 37.31% dental, Figure 1) and use of pea
sized toothpaste during brushing (73.27% PhD, 61.36%
dental) compared to the dental students. Seventytwo per-
cent of the PhD students and 51.70% of the dental stu-
dents reported that they replace their toothbrushes every
3 months (Figure 2). The PhD students visited profession-
al dental care more frequently (every 6 months) than the
dental students (39.60% PhD, 20.64% dental, Figure 3).
Sugar consumption less than once per day was reported by
57.43% of the PhD and 38.45% of the dental students. The
majority of participants (69%) brushed twice daily (87.13%
PhD, 65.72% dental) (Figure 4). Most subjects (41.18%) re-
ported rinsing with 2 handfuls of water after brushing. Two
percent of all students brushed their teeth for less than 1
minute, 17.65% 1 minute, 30.84% 1-2 minutes, 24.32% 2
minutes, 23.53% more than 2 minutes and 1.59% more
than 3 minutes.
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Table 1. Sample of the questionnaire used in the present study

Age: Gender:
Father educational level:

Father's occupation:

Academic year:
Mother educational level:

Mother's occupation:

1. From where or whom did you receive your initial oral hygiene education?

No instruction ( ) From parents/family ( ) From dentist ( )
From university/classes ( ) Other( )

2.What is the frequency of replacing your toothbrush?
3months( ) 6months( ) Tyear( ) Morethan1year( )

3. Do you use regular or electric toothbrush?
Regular ( ) Electric( ) Both regularand electric( )

4. How many times do you brush your teeth daily?

From advertisement, brochures ( )

Lessthanonceaday( ) Onceaday( ) Twiceaday( ) Threetimesaday( )

5. How long do you brush your teeth?
Half a minute orless ( ) 1 minute ( )

6. Do you rinse your mouth with water after?
Never ( ) Occasionally ( ) Often( ) Always( )

7. How much water do you use for rinsing?
A handful ( ) 2 handfuls ( )

8.What determines which toothpaste you use?
Price () Taste( ) Advertisements( ) Useswhat'sathome( )

9. How much toothpaste do you put on your toothbrush?
Sizeofapea( ) 1cm( ) 2cm( ) Never considered ( )

10. What is the effect of fluoride in toothpaste?

Makes teeth whiter ( ) Strengthens the teeth ( ) Clean teeth ( )

11. Do you clean between your teeth?

Yes( ) No( )

12. Do you use interdental brush or dental floss on regular basis?

Yes( ) No( )

13. Do you use toothpick?

Yes( ) No( )

14. Do you use mouth rinse?

Yes( ) No( )

15. How often do you go to dentist for professional dental care?

6 months( ) 1year( ) Morethan1year( ) Do notknow ( )

16. Do you consume sugary products between meals?

Less than once perday ( ) More( )

17. Do you smoke?
Yes( ) No( )

Do not know ( )

1-2 minutes ( ) 2 minutes( ) More than 2 minutes ( )

Never considered ( )

Half a glass of water ( ) A full glass of water ( )

Other ( ) Toothpaste’s ingredient ( )

Makes your mouth fresh ( ) Do not know ( )

Percentage of responses

20
15
10
5

|

6 months 1 year Imore than 1 year|

= Dental students (%)

20,64 21,40 17,05

= PhD trainees (%) 39,60 25,74 18,81
Figure 3. Frequencies of visiting dentist variable in study group strati-

fied by interval.

The students whose fathers had the lowest educational
status reported the lowest frequencies of flossing (28.28%)
and using mouth rinse (5.05%). Likewise the students having

Percentage of responses
2
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60
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20
0
LEIIETL once aday | twice a day three times
oncea day or more
ot 1
= Dental students (%) 417 17,09 65,72 1212
| =PhD trainees (%) 0,99 5,94 87,13 5,94

Figure 4. Frequencies of tooth brushing in study groups.

mothers with the lowest educational status reported the low-
est rate of flossing (33.92%) and using mouth rinse (11.01%).
Students with fathers having lowest occupation status also
reported the lowest rate of flossing and using mouth rinse



Professional education and oral self-care

9

(10%). Similar resultswere obtained for the students whose
mother had the lowest occupational status with the lowest
rate of flossing (34.49%) and using mouth rinse (12.41%).
According to the results, parents of PhD students had signifi-
cantly higher education level and higher skilled occupations
than parents of dental students (p<0.001).

Discussion

Professional dental education tends to have positive effects
on dental students’ oral health attitude and behavior as sup-
ported by several studies in different countries (19, 22-25, 27).
To the best of our knowledge, this is the first study to examine
oral health behaviors of PhD students in dentistry. This data
might be useful to determine the effect of professional train-
ing on these behaviors.

According to the results of the present research, PhD stu-
dents reported better behavioral responses for flossing,
amount of toothpaste, sugar consumption, frequency of
replacing toothbrush and visiting dentist variables. Howev-
er, rates of other oral health behaviors were under 50% for
both groups as indicated below. Most participants (41.18%)
reported using 2 handfuls of water to rinse their mouth after
brushing. Of the 17.17% who rinsed with 1 handful of water
after brushing, 13.26% were dental and 37.62% were PhD
students. Eighty three percent of all participants did not use
mouth rinse (82.18% PhD, 83.14% dental). For the frequen-
cy of brushing, twice a day was the most common response
(69%) and was reported by 87.13% of the PhD and 65.72%
of the dental students. Only 12.12% of dental and 5.94% of
PhD students reported brushing three times a day. The rate of
choosing toothpaste according to the ingredient was higher
in the dental student group (33.6% PhD, 41.29% dental). The
ingredient was not a dominant factor in selection of tooth-
paste in both groups. Although the most frequent visit to the
dentist (every 6 months) was higher in the PhD group, the
rate of this response was only 39.60%. The duration of brush-
ing was low for both groups. Most of the students brushed
for 1-2 minutes (29.92% dental, 35.64% PhD). A further study
should be performed to examine probable causes of these
low results.

Theories of behavior may be used to search whether it is
relevant to professional education or individual behavioral
compliance. De Wandel et al. (28) used “attitude-social influ-
ence-self-efficacy model” to determine the predictors and
determinants of noncompliance with hand hygiene prescrip-
tions in intensive care unit nurses. They reported self-efficacy
as a strong predictor whereas social influence and knowl-
edge as noncontributing factors. According to Larson et al
.(29), increase of one’s knowledge should not be effective to
improve one’s attitude.Low correlation between knowledge/
education and compliance to standard infection control pre-
cautions of healthcare practitioners was reported in the lit-
erature (30-32). Zadik et al. (33) found that oral self-care hab-
its of dental practitioners were better but not perfect when
compared to healthcare providers regarding toothbrushing,
flossing and visiting the dentist. Maltby et al. (34) reported
the relationship between how an individual perceives his/
her brushing duration ranks relative to other people and the

duration for which they can clean their teeth. In the present
study, individual comparisons within this social ranking sys-
tem may have not promoted brushing duration. According
to the results, 93% of all surveyparticipants reported the use
of regular toothbrush (95.64% dental, 79.21% PhD students).
Not to use electric toothbrush may be due to financial factors
which are not covered in this study.

The most frequent response for the origin of oral hygiene
education was reported as “family” (42.57% of PhD, 39.58%
of dental students). Oral health behaviors in contradiction
to expected results may be related to the parental influ-
ence. A correlation was found between use of mouth rinse
and both occupational and educational status of parents.
There was no correlation between criteria for toothpaste
selection and occupational/educational status of parents.
The present results indicate that education and occupa-
tion of parents effect use of floss and mouth rinse of the
participants. 51.67% of all participants’ fathers graduated
with a bachelor degree, 36.09% of mothers had primary
education and 47.38% of fathers had occupations requir-
ing professional skill, 64.07% of mothers had elementary
occupations.

This study has been conducted with only one questionnaire,
which is a serious limitation. To research the effect of educa-
tion, cross-sectional and longitudinal comparisons would be
more useful as personal differences between students may
predominate over education. Clinical examinations besides
the questionnaire would probably affirm the results. Another
limitation of the study was that the sample population was
limited to students of one university and had a small popula-
tion of PhD students, which may have biased the results.

Conclusion

The outcomes of this study show that the self-reported
quality of overall oral health behavior is more pronounced in
PhD students than those in graduate programs, with the ex-
ceptions of behaviors regarding duration of brushing, criteria
of choosing toothpaste and use of oral rinse. Present dental
curriculum in the universities should be revisited with respect
to oral health attitudes. This study also implied that educa-
tional and occupational status of parents had little effect on
oral health behavior of the students including the use of den-
tal floss and mouth rinse.
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Tiirkce 6z: Onlisans ve Doktora Programinda Okuyan Dis Hekimligi
Ogrencilerinin Kisisel Agiz Bakimlari Arasindaki Farkliliklar. Amag: Bu
calismanin amaci, doktora (PhD) ve énlisans programlarinda okuyan
dis hekimligi 6grencilerinin agiz saghdgi davraniglarini karsilastirmak,
ebeveynlerin egitim ve mesleklerinin bu davranislar (izerindeki etkileri-
ni belirlemektir. Gere¢ ve Yontem: Ankaradaki (Tiirkiye) bir dis hekim-
ligi fakiiltesinde agiz saghgi davranislari ile ilgili bir anket yapilmistir.
Toplam 629 anket dagitilmis, 528 dis hekimligi ve 101 doktora Ggren-
cisinden cevap gelmistir. Ayrica ebeveynlerin egitim ve meslekleri de
kaydedilmistir. Veriler istatistiksel olarak analiz edilmistir. Bulgular:
Dis fircasini degistirme sikligi (p=0,001), elektrikli dis fircasi kullanimi
(p<0,001), dis fircalama sikhigi (p<0,001), agzi ¢alkalamak icin kul-
lanilan su miktari (p<0,001), dis macunu se¢me kriteri (p<0,001), dis
ipi kullanimi (p<0,001), dis fircalamada kullanilan macun miktari
(p<0,001), profesyonel yardim alma sikiligi (p<0,0001) ve seker tiiketimi
(p<0,001) acisindan iki grup arasinda istatistiksel olarak anlamli farklar
bulunmustur. Sonug: Bu ¢alismanin sonuglari; dis fircalama siiresi, dis
macunu se¢me kriteri ve gargara kullanimi disinda belirtilen tim agiz
saghdi davranislarinin tstiinlligiiniin PhD dgrencilerinde 6nlisans pro-
gramindakilere gére daha belirgin oldugunu géstermektedir. Univer-
sitelerdeki mevcut dis hekimligi miifredati agiz saghgi davranislan
agisindan yeniden degerlendirilmelidir. Bu ¢alisma ayrica, ebeveynlerin
egitim ve mesleki durumlarinin dis ipi ve gargara kullanimini icermek
tizere dgrencilerin adiz saghdi davranislan lizerinde ¢cok az etkisi old-
ugunu gdstermistir. Anahtar kelimeler: Adiz saghgi, dis fircalama, egi-
tim, profesyonel, ebeveynler
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Alkaline phosphatase levels of murine pre-osteoblastic cells on

anodized and annealed titanium surfaces

Purpose

This study aimed to evaluate the initial adhesion morphology and alkaline
phosphatase (ALP) activity of murine pre-osteoblastic MC3T3-E1 cells cultured
on anatase/rutile mixed-phase TiO, thin films with photocatalytical activity with
previously confirmed antibacterial properties.

Materials and methods

Anatase/rutile mixed-phase TiO, thin films fabricated by anodization and annealing
of cpTi were used to culture MC3T3-E1 cells to evaluate the initial cellular adhesion
morphology and ALP activity in vitro.

Results

Compared with MC3T3-E1 cells cultured on cpTi substrates and the control group,
cells cultured on anatase/rutile mixed-phase TiO, thin films exhibited similar ALP
levels after cell culture day 9.

Conclusion
Anodizing and annealing processes fabricate multifunctional surfaces on cpTi with
improved osteogenic properties for implants.

Keywords: Titanium dioxide, surface roughness, crystal phase, alkaline phosphatase,
pre-osteoblastic cell

Introduction

Titanium and its alloys are widely used for dental implants due to their
periimplant bone formation without tissue rejection. After the installation
of an implant, implant surface comes in contact with the bone. Bone im-
plant contact is surface dependent and sensitive to surface properties of
the implant. The extent of incorporation of the implants is determined by
the surface roughness, topography and chemical composition (1). Surface
topography and chemistry were reported to influence osteoblast responses
and the osseointegration between bone and implant (2). Greater surface
roughness increased the total surface area, therefore creating more avail-
able surface sites for favorable cellular interactions as cellular adhesion,
proliferation, spreading, motility, aggregation and maturation (3-5). Hence,
surface modification techniques were deliberated to fabricate microscale
to nanoscale structures on Ti surface to simulate the architecture of hu-
man bone surface and promote attachment of the osteoblasts (6). Surface
chemistry is the other factor which affects the cellular response of the os-
teoblast cells. The thickness and crystalline structures of titanium dioxide
(TiO,) layers have been associated to influence the bioactive properties of
the implant material (7). Since the proposition of photocatalytical oxidation
by Fujishima and Honda (8), TiO, have gained great attention as a prom-
ising photocatalyst. The photocatalytic activity of TiO, is most significantly
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influenced by crystalline structure (9). TiO, is usually used as
a photocatalyst in two crystal structures: rutile and anatase.
Considerable surface treatment and modification techniques
were attempted to synthesize anatase/rutile mixed-phase TiO,
such as sol-gel method (10), sputtering (11), chemical vapour
deposition (12), atomic layer deposition (13), plasma immer-
sion ion implantation (14), cathodic arc deposition (15), and
anodization (16). Among these methods, anodization is an
economic and efficient technique that allows controlled ana-
tase/rutile mixed phase TiO, formation on the substrates that
have been widely employed to biologically modify Tiimplants.

Alkaline phosphatase (ALP) is a membrane-bound glycopro-
tein well known as an early osteogenic marker of bone forma-
tion and bone calcification, secreted by osteoblasts to provide
a high phosphate concentration at the osteoblast cell surface
during bone mineralization (17). Nano-surfaces (refers to the
scale from 0.1 nm to 100 nm) could promote the proliferation
of osteoblasts and increase the content of alkaline phospha-
tase after osteoblasts were cultured for 21 to 28 days (18). Non-
selective actions of the highly oxidized species are expected
to oxidize the cell membrane on the surface of the illuminated
TiO, (19). However, dental implants are in contact with osteo-
blasts when they are placed into the bone and these modified
surfaces need to be evaluated in terms of osteoblastic adhe-
sion and ALP activity. In this way, a thorough understanding of
the photocatalytical cell killing mechanisms at the periimplant
osteogenic cells should be questioned in conjunction with
their suggested killing effect on oral bacteria.

We suggested that anatase/rutile mixed-phase TiO, thin
films, prepared by electrochemical anodization with potassi-
um hydroxide and annealing treatment, would have signifi-
cant effects on the initial adhesion morphology and ALP ac-
tivity of murine pre-osteoblastic cells in vitro. To address this
hypothesis, the aim of this study was to assess the cellular re-
sponse of the murine pre-osteoblastic cells on anatase/rutile
mixed-phase TiO, thin films which combined the nanoscale
roughness characterization and photocatalytical activity by
electrochemical anodization.

Materials and methods
Preparation of samples

This study was performed at the laboratories of New York
University College of Dentistry and was supported by istanbul
University Fund of Scientific Research (BEK-2017-25356). Com-
mercially pure titanium (cpTi) (ASTM B265-02) sheets in squares
(10x10x1 mm) were used as substrates for the experiments as
described previously by Yeniyol et al. (9). The surfaces of the
specimens were prepared by standard metallographical tech-
nigues. These sheets were ultrasonically cleaned in acetone,
distilled water, and methanol, respectively. These untreated
cpTi sheets were named as Group Ti. The electrochemical anod-
ization was employed to form TiO, thin films on the cpTi sheets.
Anodization voltage was performed under 40V and each Ti
surface (anode) was electrochemically anodized in 0.1M KOH
electrolyte for 3 minutes at 20°C. Stainless steel was used as the
counter electrode. In order to convert the amorphous TiO, thin
films into the crystallized TiO, thin films, sheets were annealed

at 550°Cin air for 1 h after anodization treatment. These sheets
containing mixed-phase TiO, thin films consisting of anatase
and rutile were named as Group AR.

Surface characterization

The surface morphologies of the sheets were observed
using a scanning electron microscope (SEM; JSM5410, JEOL,
Tokyo, Japan) at a 20 kV acceleration voltage and a magnifi-
cation of x500.

The surface topologies of the sheets were investigated with
the White Light Optical Profiling (WLOP) Wyko-NT1100 (Veeco
Instruments Inc., Plainview, NY, USA) at VSI (Vertical Scanning
Interferometer) mode, which is a noncontact optical profiling
system that provides high vertical resolution. Two height de-
scriptive parameters of roughness as Ra and Rz were used to
quantify the surface roughness (9).

The structure and phase of the Group Ti were monitored by
utilizing a Philips PW 3710 grazing incidence x-ray diffractom-
eter with a CuKa radiation (scan range 20° to 80°). A scan rate
of 0.02°/sec was used with a grazing incidence of 0.5° for the
Ti structure. The structure and phase of the Group AR were
monitored by utilizing a Panalitical diffractometer (Phillips,
Holland) using X-ray diffraction data collected in the reflec-
tion Bragg-Brentano geometry with a CuKa radiation under
an applied voltage of 45 kV and a current of 40 mA. A scan
rate of 0.03°/sec with a grazing incidence of 0.45° was used
for the Ti and TiO, structure. The scanning data were recorded
in the 20 range of 20-73°. The phase contents of rutile and
anatase (%W,) and rutile (%W,) for the anatase/rutile mixed-
phase TiO, thin films at Group AR were estimated by utilizing
the obtained patterns to determine weight percentage of the
anatase phase and rutile phase TiO, using the Spurr-Myers’
equations (9).

Cell assay

In order to determine the impact of the electrochemical
anodization and annealing on the biological properties of
pre-osteoblasts, MC3T3-E1 were cultured on cpTi sheets
submitted to the experimental conditions. Pre-osteoblastic
MC3T3-E1 cells (ATCC, Rockville, MD, USA) were cultured in
a-MEM (Gibco, California, CA, USA), supplemented with 10%
fetal bovine serum (Hycolone, Utah, UT, USA), penicillin and
streptomycin (Gibco, California, CA, USA) mixture employed
as a cell culture medium. The cells were incubated at 37°C in
a humidified atmosphere of 5 % CO, in air. The culture medi-
um was changed every 2 d. Specimens were sterilized in 70%
ethanol. Cells were seeded onto Group Ti sheets and Group
AR sheets at a density of 10.000 cells/sheet in black 24-well
polystyrene culture plates for non-UV based conditions. Poly-
styrene culture plate sheets in squares (10x10x1 mm) were
used as positive controls (Control Group).

Cell morphology
Sheets were collected for SEM observation after 5 days to

study cells"morphological changes during initial adhesion of
MC3T3-E1 cells cultured on both experimental and control
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surfaces. The samples were fixed with 2.5% glutaraldehyde.
After washing three times in the 0.1M phosphate buffer,
cells were postfixed with 1% OsO, for 1 h. After sheets were
rinsed twice in the 0.1M phosphate buffer, they were dehy-
drated through a graded alcohol series (25-100%). Hexam-
ethyldisilazane was applied twice. Sheets were subsequently
critical-point dried; sputter coated with gold, and examined
using a scanning electron microscope (SEM; Philips XL 30,
Eindhoven, The Netherlands) at a 15 kV accelerating voltage
and a x500 magnification.

Alkaline phosphatase activity

The differentiation of pre-osteoblast to osteoblast cells
was evaluated as a function of alkaline phosphatase (ALP)
activity for 5, 9, 12 and 21 days by ELISA method. Samples
of various groups were transferred into a new black 24-well
polystyrene culture plate and the cell layers were washed
with PBS. Triton X-100 were added to each well to study lysis
of the cells. The material was placed in an incubator for 30
min at 37°C. After 3 times freezing-thawing cycles, aliquots
of cell lysis solution were collected for the analysis of the
ALP activity. ALP activity was determined with conversion of
p-nitrophenylphosphate to nitrophenol in an alkaline buf-
fer. Reaction was initiated by adding of p-nitrophenylphos-
phate to the cell lysis solution. The reaction was stopped
after 20 min by adding NaOH. Optical density (SpectraMax
M5e Multi-Mode Microplate Reader; Molecular Devices,
Sunnyvale, CA, USA) was measured at 405 nm to quantify
the amount of p-nitrophenol produced.

Statistical analysis

All statistical analyses were performed using SPSS 22.0
(IBM SPSS Inc., Armonk, NY, USA). Data were expressed as
the meanztstandard deviation (n=12). Analysis of the base-
line clinical data of ALP activity was performed by Chi-square
statistics. We used the Kruskal — Wallis test for comparison of
more than two independent groups, followed by the Mann
-Whitney U test for comparisons between different groups,
and the Friedman’s test followed by the Wilcoxon Signed
Ranks test for intra-individual comparisons. Differences were
considered significant at p<0.05 (two tailed value).

Results
Surface characterization

Figure 1 shows surface SEM images of sheets of cpTi (Group
Ti) and the mixed-phase TiO, thin film photocatalyst (Group
AR). It is observed that cpTi surface has a flat texture and
showed relatively a smooth appearance. The surface mor-
phology of the photocatalyst was affected by the electro-
chemical anodization. Craters (2-5 um) and protruding hills
(10-50 um) were observed in Group AR anodized in the KOH
electrolyte, conferring a more pronounced increase of surface
roughness compared to cpTi sheets in Group Ti (9).

Quantitative roughness parameters Ra and Rz obtained
from WLOP analysis for 1x1.2 mm? areas for the Groups Ti

and AR are shown in Table 1. Three dimensional images of
the surface topography of the Groups Ti and AR at x5.1 mag-
nification are shown in Figure 2. Ra and Rz surface roughness
parameters values obtained from the Group AR quantitative-
ly presented higher height descriptive parameters of rough-
ness (9).

The phase compositions of the obtained samples were
characterized by XRD and the corresponding XRD patterns
are shown in Figure 3. There were no anatase or rutile diffrac-
tion peaks observed in cpTi surfaces in Group Ti. After anod-
ization treatment and annealing at 550°C for 1 h, the mixed-
phase composition of the Group AR was confirmed by its XRD
patterns in Figure 3, where two sharp peaks located at the 26
values of 38.4° and 27.4°, which are attributed to the diffrac-
tion of the (004) crystal plane of anatase TiO, and the (110)
crystal plane of rutile phase TiO,, respectively, indicating the
crystallinity of the structure. Other characteristic peaks of the
different crystalline phases are also marked on the pattern (Ti:
Titanium; A: Anatase; R: Rutile). Anatase and rutile contents
(weight percentages) in each sample were confirmed by us-
ing Spurr—Myers’ equations and the corresponding results of
anatase and rutile were calculated as 54.6 wt% and 41.9 wt%,
respectively (9).

Cell assay

Cell morphology was examined by using SEM analysis.
It was found that cells were able to adhere to the Group Ti
sheets and Control Group with similar cellular morphologies
indicating healthy behavior and significantly longer configu-
ration at day 5 (Figures 4b, c). Well-defined cytoplasmic cell
extensions, namely filopodia and lamellipodia, of these flat
cells were attached to the surface increasing the cell-material
interaction as well as showing extracellular interaction with
the neighboring cells.

In contrast to these findings, there were morphological
change in cell morphology on the surface of the Group AR
sheets (Figure 4a). SEM analysis showed that the electro-
chemically anodized and annealed surfaces exhibited burst-
ed cell morphology. Cells were found separated from each
other with no communication and no existence of filopodia
or lamellipodia. The extracellular matrix in Group AR were im-
proved and the network were found strong enough to cover
the whole surface. In this present case, extracellular matrix
was influenced by surface chemistry or the surface rough-
ness.

Figure 1. a, b. Representative top-view SEM micrographs of the (a)

Group Ti, and (b) Group AR. (original magnification x500; bar=100 um).
SEM: scanning electron microscope; AR: AnataseRutile; Ti: Titanium; cpTi: com-
mercially pure titanium.
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Alkaline phosphatase activity

Figure 5 shows the ALP activity of murine pre-osteoblas-
tic MC3T3-E1 cells on the different surfaces over the cell
culture period. The ALP activity of the cells on Group AR

Table 1. Ra (arithmetical mean roughness) and Rz (ten-point mean
roughness) of the Groups Ti and AR determined by WLOP for 736X480

um? areas. Data are presented as the mean+SD (Standard Deviation).
Values are in micrometers (um) (9)

Groups R, (um)+SD R, (um)£SD
Ti 1.51+0.02 12.76+0.04
AR 4.08+0.02 42.40+0.27

P

(L]

wna

gl

was lower than that on Group Ti after 5 days (p=0.002).
However, Group AR reached its highest ALP value at day
12, no significant differences were found between the
three groups for the days 9, 12, and 21 (p=0.0694, p=0.742,
and p=0.849, respectively).

Within the groups for time intervals, ALP levels of Group
Ti significantly decreased at day 21 compared to the days
5,9, and 12 (p=0.006, p=0.019, and p=0.041, respectively).
ALP levels of Control Group significantly decreased at day
21 compared to the days 9 and 12 (p=0.034 and p=0.041,
respectively) and ALP levels of Group AR significantly de-
creased at day 12 compared to the day 5 (p=0.015) reveal-
ing that ALP activity was surface roughness and crystalline
structure dependent.

Figure 2. a, b. Representative WLOP images of (a) Group Ti, and (b) Group AR at x5.1 magnification for 1 x 1.2 mm? of area (9).
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Figure 3. X-ray diffraction patterns of Group Ti: cpTi surface; Group AR: anatase/rutile mixed-phase TiO, thin film surface (Ti: titanium; A: anatase;

R: rutile) (9).
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Figure 4. a-c. Representative SEM micrographs illustrating cell adhesion morphology on; (a) Group AR; (b) Group Ti; and (c) Control group (tissue

culture polystyrene) (original magnification x500; bar=100 um).

b
(TS ' i 1 %

& L] "
Vi [Daysh
Figure 5. Histogram showing ALP activity of MC3T3-E1 pre-osteoblast
cells at5,9, 12, and 21 days. Data are Means+SDs of absorbance values
of the experimental and control groups (*p<0.05, and **p<0.01).

Discussion

The aim of this study was to evaluate in vitro pre-osteoblas-
tic initial cell adhesion morphology and ALP activity at the
anatase/rutile mixed-phase TiO, thin film coated surfaces,
prepared by electrochemical anodization with potassium hy-
droxide and annealing treatment.

Based on our previous study (9), by aiming to gain a bet-
ter understanding of the surface roughness and crystalline
structure of anatase and rutile, more active surface sites for
reactions by higher photocatalytic reaction potential were
created to be utilized for transmucosal components of dental
implants to interpret the antibacterial clinical performance of
these parts in relation to the intra oral usage sites. Anatase/
rutile mixed-phase TiO, thin films were found to inhibit the
adhesion of A. actinomycetemcomitans under UV light irra-
diation confirming enhanced photoactivity. This objective
was achieved via electrochemical anodization by KOH and
annealing of the cpTi substrates. This surface modification
of the cpTi in Group AR specimens in the nano-scale regime,
created craters (2-5um) and protruding hills (10-50pm) con-
ferring a more pronounced increase of surface roughness
compared to cpTi specimens in GroupTi (Figure 1). Quantita-
tive roughness parameters Ra and Rz, obtained from WLOP
analysis, quantitatively presented higher height descriptive
parameters of roughness for the anatase/rutile mixed-phase
TiO, thin films in Group AR (Figure 2, Table 1) (9). SEM obser-

vations showed that the pre-osteoblast cells were well spread
and attached onto both Group Ti and Control Group surfaces
at day 5. In Figures 4b and 4c, the cells were oriented with filo-
podia and lamellipodia. In contrast to these findings, on the
surface of the Group AR, bursted cell morphology as well as
improved extracellular matrix formation were evident (Figure
4a). In consequence, surface topography was effective on the
cellular response in the early phase of cellular proliferation.
Nanostructured alkali-metal titanates are utilized in appli-
cations including catalysis, photocatalysis, bioelectrocataly-
sis, hydrogen storage, lithium batteries, and solar cells (20).
Sodium hydroxide and/or heat treatment, hydrogen peroxide
treatment of Ti substrates have been widely used to enhance
the biocompatibility and corrosion resistance of the implants
in addition to their photocatalytic activities (21-24). When
subjected to NaOH and KOH alkali and followed by heat treat-
ment; formation of respective titanates as sodium titanate
and potassium titanate on cpTi had been found superior ow-
ing to their mechanical properties and corrosion resistances.
These bioactive surfaces were found to form a bone-like apa-
tite layer on their surfaces when immersed in simulated body
fluid providing earlier fixation of the implants (25). Tas and
Bhaduri (26) were the first to soak Ti sheets in a 5 M KOH solu-
tion at 60°C for 24 h and 600°C heating for 1 h in air, followed
by coating these alkali-modified surfaces with an apatitic cal-
cium phosphate layer by using a supersaturated SBF. The mi-
croporous layer formed in the 5 M KOH solution were found
to develop faster and thicker under anodization with superior
to the analogous layer prepared in the 5 M NaOH solution by
Tanaka et al. (27). Cai et al. (21) applied alkali treatment with
immersion of cpTi discs into KOH solutions at concentrations
of 4, 6, 8, and 10 M at 600°C for 24h followed by heat treat-
ment at 600°C for Th. This KOH alkali immersion treatment
presented peaks attributed to anatase Ti and K,Ti,O, confirm-
ing anatase and potassium titanate formation on titanium
substrate surfaces. KOH alkali treatment and heat treatment
was found to increase corrosion resistance and induce the
differentiation of murine mesenchymal stem cells into osteo-
blasts. In our study, anodic oxidation with 0.1 M KOH solution
and annealing treatment were applied instead of immersion
technique. In Group AR, corresponding results of anatase and
rutile were calculated as 54.6wt% and 41.9wt%, respective-
ly whereas Group Ti presented no anatase or rutile peaks, as
previously described (Figure 3) (9). The chemical composition
of the surfaces attribute to this result. Atomic structure of the
substrate confined by its crystallographic orientations and its
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interaction with the cell at nanoscale level must be controlled
for the interface modeling between bone and the implant
surface. Similar chemical compositions with different crystal-
lographic textures can affect the biological responses of the
cells (28).

Most works applying anodic oxidation and annealing on
the preparation of titanium oxide thin films have reported
on the formation of titanium oxide nanotubes, nanofibers,
and nanowires (29-31). The effect of heat treatment on these
structures was studied to form anatase titania having higher
specific surface area compared to rutile which is important
for the enhancement of photocatalytic property of the oxide
(32).

The formation of self-organized TiO, nanotubes in fluoride
containing electrolytes via electrochemical anodization is an
attractive way with the ability to couple with other surface
treatments such as thermal oxidation, coatings, nanotube
doping, and drug-loading (1). The presence of nanophase
surfaces and amorphous TiO, on Ti and Ti-alloys have been
shown to render available sites for protein adsorption and
cell-implant interaction (33). In our study, electrochemically
anodized and annealed cpTi surfaces presented non-tubular
TiO, thin film coated nanophase surfaces (Figure 1).

Alkaline phosphotase activity is used as an initial mark-
er of cellular differentiation (34). These two groups of cpTi
substrates having different surface roughness and crystallo-
graphic textures were used to assess the effects of surface
roughness and crystal orientation on pre-osteoblast cell dif-
ferentiation by measuring ALP activity in addition to its pre-
vious proven photocatalytical activity (9). In our experiment
the ALP activity significantly decreased for that anatase/rutile
mixed-phase TiO, thin films at Group AR at day 5 compared to
the cpTi surfaces at Group Ti, whereas this difference became
insignificant after the days 9, 12 and 21, which indicated that
the osteogenetic activity of these cells was stable during this
time (Figure 5).

The results of this present study show that anatase/rutile
mixed-phase TiO, thin films fabricated by electrochemical an-
odization in KOH and annealing, which is responsible for the
antibacterial properties, per se does not increase but it does
not limit either pre-osteoblastic initial cell adhesion morphol-
ogy and ALP activity at non-UV conditions in vitro. Anatase/
rutile mixed-phase TiO, thin films fabricated by electrochem-
ical anodization and annealing can be a promising option
considered for the short-term antibacterial improvement ap-
plications for the implants.

Conclusion

Anatase/rutile mixed-phase TiO, thin films fabricated by
electrochemical anodization in KOH and annealing showed
slightly better differential response of pre-osteoblastic cells
than cpTi during 21-days cell culture period, offering a choice
to be a candidate for the surface of implant materials. Howev-
er, for better understanding of photocatalytical mechanisms
involved in the application of this material under UV-based
conditions focused on cell-substrate interactions, experimen-
tal conditions should be tested under UV-based conditions to
better understand the whole destructive effect of this surface

over cellular behaviors in further in vitro studies. It is difficult
to simulate the real in vivo conditions, using murine pre-os-
teoblasts, as this study was carried out under laboratory
conditions. Therefore, further in vitro and in vivo studies are
warranted to demonstrate the influence of such anodization
treatments on the cellular response of osteoblast cells. The
findings, however, have to be verified in clinical settings.
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Tiirkge 6z: Anodizasyon ve isil isleme maruz birakilmis yiizeylere kars
pre-osteoblastik fare hiicrelerinin alkalen fosfataz seviyeleri. Amacg:
Bu ¢alismanin amaci; daha 6nce antibakteriyel 6zelligi teyit edilen ve
fotokatalitik olarak aktif olan anatas/rutil karisimi fazindaki TiO, ince
film kaplamalara yénelik pre-osteoblastik fare MC3T3-E1 hicrelerinin
baslangic adezyon morfolojileri ile alkalen fosfotaz seviyelerini (ALP)
degerlendirmektir. Gereg ve Yéntem: Saf titanyumun anodizasyonu ve
1sil isleme maruz birakilmasi ile elde edilen anatas/rutil karisimi fazin-
daki TiO, ince film kaplamalar MC3T3-EThiicreleri ile kiiltiire edilerek
hiicrelerin baslangi¢c adezyon morfolojileri ve ALP aktiviteleri in vitro
olarak degerlendirilmistir. Bulgular: Anodize edilmis ve isil islem uygu-
lanmis titanyum numuneler lizerinde kiiltiire edilen MC3T3-E1 hiicrel-
eri saf titanyum yiizeyler ve kontrol grubu ile karsilastirildiginda hiicre
kiiltiiriiniin 9. glinlinden sonra benzer ALP seviyeleri gostermektedir.
Sonug: Anodizasyon ve isil islem uygulamalari ile saf titanyum ytizeyler
tizerinde implantlar icin osteojenik ézelliklerin gelistirildigi multifonksi-
yonel yiizeyler (retilebilmektedir. Anahtar kelimeler: Titanyum oksit,
ylizey pliriizliiliigu, kristal fazi, alkalen fosfataz, pre-osteoblastik hiicre
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Coloration of provisional restoration materials: a comparison of

the effects of mouth rinses and green tea

Purpose
The present study aimed to evaluate the color stability of provisional restorative
materials stored in different mouth rinses and green tea extract for 14 days.

Materials and methods

Forty cylinders of fixed provisional restoration material of 15-mm diameter and
2-mm thickness were prepared. The samples were separated into four storage
solutions (three different mouth rinses and green tea) (n=10). The values of L*¥,
a*, and b* were determined before and after storage in the solutions using a
spectrophotometer, and the AE* value was calculated. The effect of mouth rinses
and green tea extract on the color change of provisional restoration materials
was determined with one -way analyses of variance. The Tamhane multiple
comparison analysis was used to determine the differences between the groups
(p<0.05).

Results

The color stability of the provisional restoration materials varies depending on
the solution. Listerine mouth rinse showed more color change than Sensodyne
or Colgate did. Minimal color change was found in the green tea solution.

Conclusion

The effect of mouth rinses on the color stability of fixed temporary restorative
materials is remarkable. As green tea shows less color change, it can be suggested
as an alternative to mouth rinses.

Keywords: Provisional dental materials, color stability, mouth rinses, green tea,
spectrophotometer

Introduction

It is essential that provisional restoration should be used in order not
only to protect the teeth having already been prepared while fixed res-
torations are being fabricated but also to provide the patient with com-
fort until the treatment ends. Provisional restorations should be able to
withstand the chewing pressure for as long as they are used, apart from
keeping the prepared teeth stable during any act of occlusal functioning.
Itis also necessary that provisional restorations should protect the dental
pulp against thermal mechanic and bacterial interactions, and that they
should protect the periodontium through edge matching. Finally, provi-
sional restorations should also achieve aesthetic perfection (1-3).

In the fixed prosthetic treatment, provisional restorations are known
to be good diagnostic tools because they are, in a sense, a kind of aes-
thetic and functional rehearsal for permanent restoration, which helps
the dentist assess whether the prosthesis being planned will sufficiently
meet aesthetic, biomechanical and physiological needs of the patient (4).
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While permanent restoration can be accomplished within
two weeks in the prosthetic treatment, provisional ones can
also be used for very long. It is necessary that long-term pro-
visional restorations should be used in predicting treatment
results of the patients who require changes in vertical dimen-
sion before the soft tissues in the anterior regions, where aes-
thetics is of great importance, can be shaped. They should
also be used in treating temporomandibular joint disorders,
and during the period when osteointegration is expected to
take place after an implant treatment as well as in evaluating
the prognosis of the teeth during a periodontal treatment (5,
6). Great care should be taken so that there are no big dif-
ferences between good provisional and permanent resto-
rations, because carelessly prepared provisional restorations
are doomed to result in repetitions, waste of time, periodon-
tal problems or a damaged oral mucosa (7).

Discoloration in the provisional restorations that have
been used for very long in the anterior region, where aes-
thetics is of paramount importance, is known to adversely
affect both quality of the restoration and patient satisfac-
tion (8). Provisional restorative materials to be used should
possess colour stability and resistance to discoloration in
the oral cavity as far as diverse drinks and teeth-cleansing
solutions are concerned (9, 10). Today, polyvinyl methac-
rylate, urethane dimethacrylate, polymethyl methacrylate,
polyethylene methacrylate, Bis-acrylic resin and resin com-
posites are used as temporary restorative materials. Po-
lymerization of these materials is achieved either through
chemical means or using light or employing both methods
at the same time (11, 12). Acrylic resin restorations that are
polymerised with heat are widely preferred due to their high
resistance and durability merits (13). However, Bis-acrylic
resins are increasingly used due to such properties as being
practical, having minimal polymerization shrinkage and low
exothermic reaction apart from providing remarkably satis-
factory aesthetic results (10).

Gargling with mouthwash is an effective method for main-
taining perfect plaque control and periodontal health. De-
pending on their ingredients, commercially available gargle
preparations are used in treating gingivitis, preventing sec-
ondary infections following radiotherapy or chemotherapy,
or supplementing an antibacterial treatment of inflammato-
ry cases such as tonsillitis, sinusitis, pharyngitis, and laryn-
gitis (14). Certain curative herbs like green tea are also used
for oral rinse in addition to various conventional mouthwash
solutions. We know of some studies that are working on a
viable alternative substance to disinfecting dental materials
(15, 16). Green tea is derived from the leaves of the Camellia
sinensis and is processed in a different way than black tea.
Green tea comes from ripe, fresh leaves, while black tea is
derived from leaves oxidized in the sun. Green tea, which
can have two or more phenol units, includes a larger num-
ber of antioxidants than all other drinks and helps remove
free radicals. Several studies have reported that green tea
helps prevent cancer, cardiovascular diseases and Alzhei-
mer’s disease apart from having neuroprotective and anti-
microbial properties. Other studies have also proved that
green tea helps reduce candida albicans involvement on
dental materials (17, 18).

Teeth and restorations in the oral cavity tend to lose their co-
lour stability due to internal and external factors. Today, when
aesthetics is viewed as highly as oral hygiene, discolouration
is undesirable not just for the dentist but also for the patient
(14). Colour recognition of dental materials is achieved with
digital colour measurement devices: spectrophotometer and
colorimeter. These are known to be more reliable and con-
stant than visual methods. The spectrophotometer measures
the light reflected off the object in accordance with its wave-
length, while the colorimeter measures the amount of blue,
green and red colours reflected off the object. The amount of
the three primaries used is known as the tristimulus values of
the colour. Spectrophotometer and colorimeter numerically
shows the tristimulus value that is present on the x, y, z lev-
el in recognition of colour. These values are calculated in ac-
cordance with Commission Internationale de I'Eclairage (CIE)
and then L*a*b* values are obtained. According to CIE values,
L* indicates lightness while a* and b* indicate colour satis-
faction. The value of a* describes red-green measurement
while b* describes the measurement of the yellow-blue axis
(19). The present study aims to evaluate the colour stability
of three different mouthwash solutions and green tea extract
upon provisional restoration with Bis-acrylic content that gets
hardened via autopolymerisation. The null hypothesis tested
in this study is that the mouthwash solutions and green tea
extract do not affect the colour stability of provisional resto-
rations.

Materials and Methods
Specimen preparation

In this study, 40 disc-shaped fixed provisional restoration
material (Protemp) in diameter of 15 mm and in thickness
of 2 mm (Protemp 4, Bis-acryl, 3M Espe, Seefeld Germany)
were prepared using stainless steel mold between two glass
plates in light of the suggestions made by the producing
company according to definition number 27 by American
Dental Association (ADA) (20). There is Bis-acryl resin con-
taining microparticle-fillers (GMA, UDMA, TEGDMA, bis-EMA
and 5nm silanized amorphous silica) in the composition of
Protempt 4, which is a provisional restorative material. Once
polymerization had finished, the samples taken out of the
mold were inspected with the naked eye by the same re-
searcher for air space, surface roughness, and presence of
porosity. The samples with a defective surface were picked,
so that 10 test samples were prepared for each of the groups.
Since the samples had been prepared in glass plates, they
had a smooth surface. For this reason, there was no need
for a polishing process. The samples were stored in distilled
water at 37°C+1°C for twenty four hours prior to the test. A
teabag of green tea was put in boiling water of 150 mL to
prepare a standard tea solution and was used after ten min-
utes of storage. 150 mL was also used for mouthrinses. The
solutions were renewed daily and stored for 14 days by be-
ing fully covered. After two weeks, the samples were washed
and dried before they could be made ready for colour mea-
surement. The solutions prepared for this study have been
presented in Table 1.
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Table 1. The solutions used in the present study

Brand name Composition Manufacturer
Listerine Total Care Zero Aqua, Sorbitol, Propylene Glycol, Potassium Nitrate, Poloxamer 188,Benzoic acid, Aroma, Johnson and
Sodium Benzoate, Eucalyptol, Sodium saccharine,Sucralose, Sodium Fluoride, Methyl Johnson, istanbul,
Saliccylate, Thymol, Cocamidopropyl Betaine, Menthol, BHT, Cl420 53 Turkey
Colgate Total Aqua, Glycerin, Sorbitol, Propylene Glycol, Poloxamer 407, Polysorbate 20, Aroma, Colgate-
Cetypyridinium Chloride, Potassium Sorbate, Sodium fluoride, Menthol, Sodium Saccharin, Palmolive
Cl117200,Cl42051 Thailand
Sensodyne Aqua, Glycerin, Sorbitol, Potassium Nitrate, PEG-60, Hydrogenated Castor Oil, Poloxamer GlaxoSmithKline,
407, Sodium benzoate, Aroma Disodium hosphate, Methylparaben, Propylparaben, Sodium istanbul, Turkey
Phosphate, Sodium fluoride, Menthol, Sodium Saccharin, Cl 19140,Cl42090, Potassium nitrate,
Sodium Fluoride
Green Tea Green tea leaves Natural food
products, Akyurt,
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Figure 1. The relationship between the colour differences observed in
the provisional restorative materials after being stored in the solutions
*Values not overlapping horizontally are statistically different.

Colour assessment

The first colour measurements of the samples were made
soon after they had been prepared, while the second mea-
surements were made 14 days after they had been stored in
the solutions. The measuring process was carried out with
the aid of a digital spectrophotometer (VITA Easy shade
Compact Advance 4.0, VITA Zahnfabrik H. Rauter GmbH
& Co.KG), during which the suggestions by the producing
company were taken into consideration. That is, the device
was calibrated at regular intervals and measurements were
made upon a white surface under D65 standard light condi-
tions. The spectrophotometer used in this study is capable
of measuring in colour values of vitapan classic and vitapan
3D-master, and has got a heat range of 15-40°C, apart from
being a rechargeable device fitted with a White High Pow-
er LED light lamp. The measurements achieved upon the
surface of every single sample were repeated there times
before the mean values for L*, a* and b* could be record-
ed. The differences observed in the colour were calculated
using the following formula (8, 14): AE=((L *-L *)2+(a,*-
a,%)2+(b,*-b,*)))'? L1, a1 and b1 values stand for CIE L* a* b*
values after the samples had been stored in the drinks, while

I X TETX T XY’

Figure 2. The provisional restorative materials evaluated in terms of co-
lour change have been presented below from top to bottom: listerine,
colgate, sensodyn and green tea samples, respectively.

Ly 3, and b0 values stand for the CIE L* a* b* values that had
been measured in the beginning.

Statistical analysis

The normality of the data was tested by the Shapiro-Wilk
Test (p>0.05). The effects of mouthwash solutions upon the
colour change observed in provisional restorative materi-
als were determined by the one-way analysis of variance
(ANOVA). The analysis of our study was evaluated using a
statistic analysis software programme (SPSS 18.0 for Win-
dows; IBM Corp, SPSS Inc, Chicago, IL, USA). Since the vari-
ance was not a homogenous, the difference between the
average values had to be determined, for which we used
the Tamhane multiple comparison test at the level 0.05 sig-
nificance.

Results

As a result of the one-way statistical analysis, it was deter-
mined that there was a statistically significant difference be-
tween the effects of mouth rinse solutions upon the colour
stability of the provisional restorative materials that had been
stored in a solution for 14 days (p<0.05). On the other hand,
less change was observed in the colour as far as the green
tea extract was concerned (2.39+0.81). Differences between
the materials have been presented in Figure 1. The mean co-
lour change value (AE) observed with the provisional restor-
ative materials being stored in different solutions has been
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Table 2. AE; mean and + standard deviation values of the provisional
restorative material after being stored in the solutions The mean values

with different letters are different according to the ANOVA (One-way)
test (p<0.05)

Meanztstandard
deviation values

Listerine 8.57+2.62"
Colgate 6.70+2.09°
Sensodyn 5.61+3.86°
Green Tea 2.39+0.81°

presented in Table 2. The change in colour was seen in the
samples stored in Listerine (8.57+2.62), Colgate (6.70+2.09),
Sensodyn (5.61+3.86), and green tea solutions (2.39+0.81), re-
spectively. Figure 2 shows colouration photos of the samples
after 14 days of storage.

Discussion

Several studies have used colouring solutions as diverse
as water, coffee, tea, cola, oral rinse, red wine and food dyes
for evaluating the colour stability of provisional restorations.
Our study has evaluated the colour stability of green tea can
serve as substitute alternatives to standard ones and different
mouthrinses that. Green tea was found to cause less change
in colour when compared to other mouth rinses.

Colour stability of dental materials are affected by liquid
absorption, completion of material polymerization, the type
of polymerization, the amount of residual monomer, the
thickness of the material and the roughness of the surface
(1). In the present study optimal polymerization was aimed in
keeping with the suggestions made by the company that pro-
duces the provisional restorative material containing autopo-
lymerized Bis-acryl. Polymerization was achieved between
the glass plates with a view to reducing surface roughness.
All the samples prepared consistently with those of others
studies into the colour stability of provisional restorative ma-
terials were standardized in such a way that each would have
a thickness of 2 mm (21).

It has been suggested that no full polymerization of the
surface resin plate can be ensured if samples happen to get
exposure to oxygen during the polymerization process (22).
It has also been reported in the literature that smoothing and
polishing are applied to remove the unpolymerized plate
over the material so that harder, durable and aesthetic sur-
faces can be obtained (23, 24). This study used glass plates
for preparing the study samples. However, it is still much bet-
ter to smooth and polish the samples by wet sanding so that
the top layer can be removed. Koroglu et al. (9) emphasized
that the surface roughness values of provisional restorative
materials affect the stability of colour. Colour change is ob-
served less frequently in the samples with a low roughness
value; therefore, polishing the samples while they are being
prepared on a glass surface will affect their surface rough-
ness values. In order to obtain low colour change values,
the samples to be studies should be as smooth as possible.
Protemp 4, fitted with a cartridge, is a Bis-acryl-based interim
composite that is used with a gun. That it is fitted with a car-

tridge makes it better for miscibility and utility, which helps
it gain increasing popularity (25). Bis-acryl-based Protemp 4
has been shown in some studies investigating colour stability
in provisional restorative materials to possess a lower colour
stability than do PMMA and PEMA (26). Bis-acryl composite
resins are known to be of a heterogeneous nature due to its
organic polymer matrix and inorganic filler particles. Howev-
er, presence of filler particles may prevent the surface of the
material from being smoothed (27). Sen et al. (28) reported
the fillers to cause protrusions to be formed over the surface
of the material when they analysed the SEM images of Bis-
acryl composite resins.

Discolouration of Bis-GMA is also affected by the polar OH-
groups included in its monomer structure, which accounts
for a larger amount of water absorption (29). Protemp 4 is
known to contain bis-GMA, UDMA, TEGDMA and bis-EMA.
When the amount of TEGDMA in BisGMA rises from 0% to
1%, absorption of water also rises from 3% to 6%. As a result,
discoloration increases in line with a rise in water absorption
(30). Similar studies including different oral rinse agents have
reported the biggest change in colour with the Listerine oral
rinse (14, 31). This significant colour change was attributed
to the high alcohol content of Listerine. Even though the
Listerine used in our study was alcohol-free, the biggest co-
lour change was observed with this mouthwash agent. As for
the green tea, discoloration was observed due to the fact that
it contained no chemical substances whatsoever. The provi-
sional restorative materials were stored in different mouth
rinses and green tea extract for 14 days, with the solutions
being renewed every single day. Considering the fact that
mouth rinses are used twice a day, a 24-hour storage period
of the provisional restorative materials in the containers cor-
responds to a one-month storage period in the oral cavity.
That is, a 14-day storage period equals to a 14-month aging
period, which is one of the longest periods that can be used
for restorative materials (31).

Studies into determining the colour of dental materials usu-
ally use the colorimeter and the spectrophotometer. The col-
orimeter determines the coordinates of the light reflected off
the material according to the CIE system. While the colorim-
eter is capable of making one-dimensional measurement,
the spectrophotometer can achieve a two-dimensional mea-
surement. Because the spectrophotometer is able to measure
all the spectral wavelengths reflecting off a material, it often
achieves more precise and more systematic measurements.
On the other hand, the colorimeter is capable of only measur-
ing the amount of blue, red and green wavelengths (32, 33).
Therefore, we used the spectrophotometer in our study for
more precise results. In as much as using the AE value for the
data obtained through the spectrophotometer is preferred
more often than giving them separate values as L*, a*, b*, we
also used the AE value in evaluating the colour change in our
restorative materials (34). If the AE value is 0 for the colour
change being evaluated, it means there is no difference be-
tween colour changes. On the other hand, if this value varies
between 0.5 and 1.5, it indicates perfect colour stability. If this
value varies between 1 and 2, it means ‘good’ while a value
between 2 and 3.5 is viewed as ‘acceptable’. However, if the
AE value is bigger than 3.5, it shows that discolouration of the
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material cannot be accepted clinically (8, 21, 35). In our study,
the sample groups showed a AE value over 3.5 with the ex-
ception of the green tea group.

The samples had been stored in distilled water for 24 hours
at 37°C before they were transferred to the solutions was in
order to imitate the oral medium. However, a wearing medi-
um can be created for in-mouth dental materials. Depending
on the person’s dietary habits, the content of the food con-
sumed, poor oral hygiene, smoking, and the makeup of the
saliva can damage the chemical structure of the materials
used for dental restorative materials (36). The resin matrix of
dental composites has been shown to soften when exposed
to organic acids and different food. The structure of the Bis-
acryl composite, which we have used as provisional restor-
ative materials in this study, bears similarity to that of dental
composites. It can also be affected by oral fluids and chemical
mediums induced by food (6).

One of the limitations of this study is that it is impossible to
imitate the factors to be produced in the oral medium under
the given experimental conditions. Another limitation is that
the shape of the samples does not match those of eligible for
clinical applications. The samples for this study were prepared
over disc-shaped glass plates in such a way that they would
have smooth surfaces. However, the provisional restorative
materials used in the oral medium will have an indented sur-
face just as natural teeth do. Unfortunately, it is not possible
to apply polishing to all surfaces or to prepare between glass
plates due to the uneven surface structures. Therefore, there
arises a need for clinical studies that can help overcome this
problem.

Conclusion

As a result of the 14-day aging process of the samples used
in the study groups, where Listerine, Colgate, and Sensodyne
mouthrinses were used, and within the limits of this in-vitro
study, we determined the AE values above 5. As to the group
using green tea extract, this value was 2.29, which seems to be
clinically acceptable. We, therefore, concluded that green tea
could be used as an alternative to the commercially available
mouth rinses. However, the dentist should consider that the
mouth rinses in question may fail to retain their colour stabil-
ity, and devise a treatment schedule accordingly. We suggest
that our results should be supported and confirmed by further
studies although we are providing essential knowledge about
discolouration in relation to mouth rinses and green tea.
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Tiirkce 6z: Agiz gargaralari ve yesil ¢cayin gegici restorasyon materya-
linin renklenmesi (izerindeki etkilerinin karsilastinlmasi. Amag: Bu ¢a-
lismanin amaci 14 glin farkli agiz gargaralari ve yesil ¢cay extratinda
bekletilen gecici restoratif materyallerinin renk stabilitelerini degerlen-
dirmektir. Gere¢ ve yéntem: Kirk adet silindir seklinde 15 mm ¢apinda 2
mm kalinliginda sabit gecici restorasyon materyali hazirlandi. Ornekler
soliisyonlarda bekletilmek lizere 4 gruba ayrildi (3 farkh agiz gargarasi
ve yesil cay) (n=10). Hazirlanan 6rneklerin soliisyonlarda bekletilmeden
once ve sonra L*, a* b*degerleri spektrofotometre kullanilarak tespit
edildi, AE*degeri hesaplandi. Adiz gargaralarinin ve yesil cay extratinin
gegici restorasyon materyallerinin renk degisimi lizerindeki etkisi tek
y6nlii varyans analizi ile tespit edildi. Ortalamalar arasindaki farkliligin
tespit edilmesi amaciyla Tamhane ¢oklu karsilastirma analizi kullanil-
di. (p<0,05) Bulgular: Gegici restorasyon materyallerinin renk stabilitesi
kullanilan soliisyona gére degismektedir. Listerine, Sensodyne ve Col-
gate adiz gargaralarindan daha fazla renk degisimi gdstermistir. En az
renk degisimi yesil ¢ay soltisyonunda bulunmustur. Sonug: Agiz garga-
ralarinin sabit gegici restoratif materyallerin renk stabilitesi lizerine et-
kisi fazladir. Yesil cay daha az renk degisimi gésterdidi icin gargaralarin
yerine alternatif olarak hastalara 6nerilebilir. Anahtar kelimeler: Gegici
restorasyon materyali, renk stabilitesi, agiz gargarasi, yesil ¢ay, spekt-
rofotometre
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Validity and reliability of a Turkish pediatric oral health-related

quality of life measure

Purpose

This study aimed to develop Turkish measures for Pediatric Oral Health-related
Quality of Life (POQL) and evaluate their reliability and validity for use in Turkish
children aged 8-14 years (Child Self-Report measure; CSR) and their caregivers
(Parent Report-on-Child measure; PRC).

Materials and methods

The English POQL was translated into Turkish, adapted for the Turkish culture,
and tested in 149 children and their caregivers attending the Cukurova University
Pediatric Dentistry clinics to assess the reliability, internal consistency, and
discriminant and convergent validity of the Turkish version.

Results

The internal consistency of the Turkish POQL evaluated using Cronbach’s alpha was
0.905 for CSR and 0.887 for PRC. To determine the test-retest reliability, the Turkish
POQL was administered to a sub-sample (n=16) a second time 2 weeks after the
first survey administration. Intraclass correlation coefficient values of the individual
items were 0.895 for CSR and 0.992 for PRC. For total scores, there was a significant
difference based on clinical caries status and perceived oral health in both CSR and
PRC.

Conclusion
The Turkish POQL is a valid and reliable measure of the perceived impact of oral
conditions on children’s lives.

Keywords: Quality of life, oral health, children, validity and reliability, pediatric

Introduction

The concept of need has a close relationship to the planning and or-
ganization of health care services (1). The drive for the use of patient-re-
ported outcome measures, such as treatment need, has come from the
modification of a biomedical perspective to a more comprehensive bio-
psychosocial model of health (2). Health related quality of life (HRQOL)
measures refer specifically to an individual’s perception of how their own
health affects their activities of daily living and ability to function in so-
ciety (3-5). The need to determine the significance and priority of oral
health problems for children has led to the development of instruments
for measuring oral health-related quality of life (6-9). Oral health-related
quality of life (OHQL) assesses the subjective impacts of oral conditions
on social and emotional well-being and daily functioning (10, 11). Quality
of life reports in combination with clinical data may provide information
for planning health actions and positive self-perceptions of oral health
status may encourage children and individuals to adopt healthy behav-
iors (6, 12, 13).
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Oral health-related quality of life instruments for children
include; The Child Oral Health Impact Profile (COHIP), The
Early Childhood Oral Health Impact Scale (ECOHIS), The Child
Oral Impacts on Daily Performance (Child-OIDP) and The
Child Perception Questionnaire (CPQ) (1, 14-16). However,
none of these instruments were developed with an emphasis
on the experiences and views of children and parents from
low-income populations. To address this need, Huntington et
al. (17) developed POQL with a particular focus on input from
parents and children from low income populations. This new
instrument fulfils the need for measuring OHQL in Turkish
children and their parents according to their socioeconomic
condition, which may be shown by Goékalp et al. (18) by low
rates of access to dental services, daily tooth brushing habits
and dental appointment frequency.

To date, no oral-specific health-related quality of life instru-
ments exists in the Turkish language for 8-14 year age groups.
This is especially salient because dental caries is frequent
among Turkish children, and there is an urgent need for com-
munity-based oral disease prevention programs. Thus, a brief
self-report instrument in the form of a simple questionnaire
may be helpful both in evaluating such programs as well as
for assessing health status in individual children. The aim of
this study is to evaluate the internal consistency, reliability
and validity of a POQL developed for use on Turkish children
between the ages of 8 and 14 years and their parents (care-
givers).

Materials and methods
Study design

This is a cross-sectional study of the development and
testing of a new oral health-related quality of life instrument
developed to measure the impact of oral conditions on the
daily lives of Turkish children and their parents. The study pro-
tocol and informed consent document was approved by the
Cukurova University Ethical Committee, a subdivision of Turk-
ish Ministry of Health, works full accordance with the World
Medical Association Declaration of Helsinki (October 2, 2011,
meeting number 5, decision number 5). The study started on
15t of March 2010 and ended on 7t of January 2013. Parents
gave written consent for themselves and their children and
the children verbally assented to their own participation.

Approach

In the first step, the English POQL instrument was translat-
ed into Turkish and adapted to Turkish culture. In the second
step, we assessed the reliability, internal consistency, discrim-
inant and convergent validity of the Turkish version of the
POQL.

Study sample

For the cultural adaptation process, 23 children and their
caregivers attending Cukurova University Pediatric dentistry
clinics completed the draft Turkish POQL instruments. Initial
linguistic corrections were done by individual interviews with

participants during this phase. After adaptation, the finalized
Turkish POQL instruments were administered for testing of
internal consistency, validity and reliability. A total of 196
children and their caregivers attending Cukurova University
Pediatric dentistry clinics were asked to complete the Turkish
POQL instruments. Of these, 149 completed the instruments
in between 13 December 2011 and 22 May 2012. This conve-
nience sample of 149 children, aged 8 to 14 years, and their
caregivers, was used for the analyses described. A subset of
16 individuals from the sample completed the instrument
again after two weeks in order to assess test-retest reliability.

Pediatric oral health-related quality of life instruments

The POQL is a 10-item instrument designed to measure oral
health-related quality of life in children from both the child’s
and their caregiver’s perspectives. Versions of the instrument
for use in 8 to 14 year old children were created to capture
two distinct perspectives: children’s self-report (CSR) and
caregiver’s report on their child (PRC). POQL versions were
also developed separately in English and Spanish for younger
and older age groups of children and their caregivers (19). The
original CSR and PRC that we used consisted of 4 domains:
physical function (2 items), role function (2 items), social
impact (3 items) and emotional impact (3 items). For each
item, it was asked “how often the event occurred”, with the re-
sponse options of “all of the time”, “some of the time”, “once in
a while” or“did not happen”. It was also separately asked “how
bothered the parent or child was by its occurrence’, with re-
sponse options of “very bothered”, “somewhat bothered’,
“bothered a little bit", “never bothered” or “did not happen”. A
total POQL score was created by multiplying “how often” by
“how bothered”; the sum of the multiplied scores from each
survey were divided into the total sum of multiplied scores
and multiplied by 100. POQL scores ranged between 0-100,
with higher scores reflecting greater negative impacts of the
child’s oral conditions on their health-related quality of life.

The POQL was originally developed in English and validat-
ed in the Greater Boston Area (17). The process we used for
developing the Turkish POQL versions followed internation-
ally accepted guidelines for translation and cultural adapta-
tion of self-report instruments (20-22). It consisted of: 1) two
separate and independent translations from English to Turk-
ish by two completely bi-lingual native speakers; 2) an initial
meeting of an expert panel review committee consisting of
6 health professionals (native Turkish and English speak-
ers, and bilingual speakers) to correct the translations and
produce the first two independent Turkish versions; 3) back
translations of the two Turkish versions independently by two
bi-lingual speakers 4) committee review where the original
English POQL and the two back translations were compared
by English speakers; 5) corrections and reconciliation to
achieve a single Turkish version; 6) pretesting the Turkish ver-
sion with the target population using a convenience sample
of 23 children their caregivers; 7) incorporate feedback from
interviews with pre-test individuals; and creation of the final
Turkish version (20-22). Face validity and content validity of
the Turkish POQL instrument were examined at this stage of
the study by the expert panel in order to assess the clarity of
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the wording of the items prior to the main study. Table 1 and
Table 2 show the Turkish translations of POQL Parent Report
on Child and Child Self-Report.

Other data collection

In addition to the POQL, we administered a brief question-
naire to collect basic demographic data, as well as general
health and dental information. Demographic data included
“age” of child, “gender’, caregiver (completed the PRC), “par-
ent’s education” (highest attained level of formal education
of caregiver), “income” (self-perception of family’s economic
status as reported by the caregiver) and tobacco “smoking”
status (whether caregiver smokes or not).

Each child was also asked to self-rate their global oral health
status, and caregivers were separately asked to rate their

child’s global oral health status. The CSR asked: “In general,
how would you rate the health of your teeth and gums?”The
PSR asked: “In general, how would you rate the health of your
child’s teeth and gums?”The response options for these ques-
tions were: 1=Excellent, 2=Very Good, 3=Good, 4=Fair and
5=Poor.

Clinical dental data collection

Participating children had a clinical dental examination, re-
cording dmft and DMFT according to WHO criteria (7), and de-
termination of treatment urgency as in the U.S. Association of
State and Territorial Dental Directors Basic Screening Survey
(ASTDD-BSS; 0=no obvious problems; 1=needs early treat-
ment: caries without accompanying signs or symptoms or
individuals with other health problems requiring care before

Table 1. Turkish translation of POQL Parent Report on Child (*questions for parents or caregivers)

Genel Sorular Cevaplar
Genel olarak cocugunuzun sagligi nasil?

Genel olarak cocugunuzun agiz ve dis saghgi
nasil?

Bir yil 6ncesiyle karsilastirdiginizda cocugunuzun
agdiz ve dis sagligi simdi nasil?

Genel olarak agiz ve dis sagliginiz nasil?*

Genel olarak dis hekimiyle deneyimleriniz
nasil?*

En son dis hekimine ne zaman gittiniz?*
veya hicbir zaman

En son dis hekimi ziyaretinizin sebebi neydi?*

Mikemmel/ ¢ok iyi/ iyi/ orta/ kot
Miikemmel/ ¢ok iyi/ iyi/ orta/ kot

Cok daha iyi/ biraz daha iyi/ ayni/ biraz daha kotii/ cok daha kotu

Mikemmel/ cok iyi/ iyi/ orta/ kotu

Miikemmel/ cok iyi/ iyi/ orta/ kotu

Son 6 ayda/ 6 ile 12 ay arasinda/ 1yildan fazla 2 yildan az/ 2 ile 5 yil 6nce/ 5 yildan ¢ok

Diizenli kontrol ve dis tasi temizligi/ acil dis yaralanmasi/ acil dis agrisi/ dis ¢ekimi/

dolgu/ kanal tedavisi/ kaplama/ takma dis-protez/ dis teli- yer tutucu/ diger

Olcek Sorular

Hangi siklikla meydana geldi?

Cevaplar

Ne kadar rahatsizlik verdi?

Cocugunuzun agiz veya dis bolgesinden
kaynaklanan bir agrisi oldu mu?

Cocugunuz agiz ve dis problemleri yliziinden
yemek yeme de gticliik cekti mi?

Cocugunuz agiz ve dis problemleri ylziinden
okulda dikkat sorunu yasadi mi?

Cocugunuz agiz ve dis problemleri yliziinden
okula devamsizlik yapti mi?

Cocugunuzun agiz ve dis problemlerinden
dolayi baskalarinin yaninda giiliimsemekten
kagindigi oldu mu?

Cocugunuz agiz ve dis problemleri yliziinden
diger cocuklardan daha cirkin oldugunu
distintp endiselendi mi?

Cocugunuz agiz ve dis problemleri yliziinden
gorinlsiinden mutsuz oldu mu?

Cocugunuz agiz ve dis problemleri yiiziinden
sinirli ve tizgln oldu mu?

Cocugunuz agiz ve dis problemleri yliziinden
endiselendi mi?

Cocugunuz agiz ve dis problemleri yliziinden
agladi mi?

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hi¢bir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢ok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢ok az rahatsiz
edici/ rahatsiz edici degil/ hi¢bir zaman/ bilmiyorum
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their next routine dental visit; 2=needs immediate treatment:
signs and symptoms that include pain, infection or swelling)
(23). Oral hygiene was recorded based on examination of
the four maxillary anterior teeth, as 0=no plaque accumula-
tion; 1=plaque on gingival 1/3 of crown at least one tooth;
2=plaque on greater than 1/3" of crown at least one tooth.

Two clinically experienced examiners were used. Train-
ing consisted of a PowerPoint presentation of written de-
scriptions, pictures of caries lesions and soft tissue lesions.
According to ASTDD-BSS protocol, examiners also assess
treatment urgency and oral hygiene in addition to DMFT
and dmft. The inter-examiner agreement obtained on the

Table 2. Turkish translation of POQL Child Self-report

Genel Sorular
Genel olarak sagligin nasil?
Genel olarak agiz ve dis saghdin nasil?

Bir yil 6ncesiyle karsilastirdiginda agiz ve dis
sagligin nasil?

Genel olarak dis hekimiyle deneyimlerin nasil?

En son dis hekimine ne zaman gittin?

En son dis hekimi ziyaretinin sebebi neydi?

Olcek Sorular

Agiz ve dis problemlerin ylziinden agrin oldu
mu?

Agiz problemlerin yiiziinden yemek yemede
(sert/ sicak/ soguk) giigliik cektin mi?

Agiz ve dis problemlerin yliziinden okula
dikkatini vermekte gticlik cektin mi?

Agiz ve dis problemlerin yliziinden okula
devamsizlik yaptin mi?

Agiz ve dis problemlerin yliziinden diger
insanlarin yaninda giilmekten veya kahkaha
atmaktan kagindin mi?

Baskalar tarafindan giizel gérinmedigini
distindiin mii?

Agiz ve dis problemlerin yliziinden
goriintsiinden mutsuz oldun mu?

Agiz ve dis problemlerin yiiziinden sinirli ve
lizglin oldun mu?

Agiz ve dis problemleri yliziinden endiselendin
mi?

Dis sorunlarin yiiziinden agladigin oldu mu?

Cevaplar

Mikemmel/ cok iyi/ iyi/ orta/ kotu

Mikemmel/ ¢ok iyi/ iyi/ orta/ kéti

Cok daha iyi/ biraz daha iyi/ ayni/ biraz daha kotii/ cok daha kotu

Mikemmel/ ¢ok iyi/ iyi/ orta/ kéti

Son 6 ayda/ 6 ile 12 ay arasinda/ 1yildan fazla 2 yildan az/ 2 ile 5 yil 6nce/ 5 yildan ¢ok

veya hicbir zaman

Dizenli kontrol ve dis tasi temizligi/ acil dis yaralanmasi/ acil dis agrisi/ dis ¢ekimi /
dolgu/ kanal tedavisi/ kaplama/ takma dis-protez/ dis teli- yer tutucu/ diger

Cevaplar

Hangi siklikla meydana geldi?

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hi¢bir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
higbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Her zaman/ bazen/ arada bir/
hicbir zaman/ bilmiyorum

Ne kadar rahatsizlik verdi?

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢ok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢ok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢ok az rahatsiz
edici/ rahatsiz edici degil/ hi¢bir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ ¢ok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Cok rahatsiz edici/ biraz rahatsiz edici/ cok az rahatsiz
edici/ rahatsiz edici degil/ hicbir zaman/ bilmiyorum

Table 3. Internal consistency reliability (Cronbach’s alpha) interscale correlation

Role & Physical Function

CSR - Role & Physical Function
CSR - Social Impact

CSR - Emotional Impact

CSR - Total Score

PRC - Role & Physical Function
PRC - Social Impact

PRC - Emotional Impact

PRC - Total Score

.862
615
.566
.887
.820
541
.550
.863

Social Impact

.863
.553
836

.789
554
827

Emotional Impact  Total POQL Score

.847
815 .905
.853
814 .887

Cronbach’s alpha shown in bold

CSR: Child Self-Report measure; PRC: Parent Report-on-Child; POQL: Pediatric oral-health related quality of life
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examination parameters such as treatment urgency, oral
hygiene and DMFT on 25% of the children was 0.89 as mea-
sured by kappa statistic. Dental treatments of children with
any treatment needs were completed in turn. This work was
supported by Cukurova University Scientific Researches
Projects Department with the project number DHF2010D3
and NIH/NIDCR grants U54 DE014264, U54 DE019275, K24
DE000419, and K24 DE018211.

Statistical analysis

All statistical analyses were performed using SPSS 16.0
software for Windows (SPSS, Inc.; Chicago, IL, USA). The fi-
nal version of the Turkish POQL was assessed for internal
consistency and test-retest reliability. Cronbach’s alpha
measured the internal consistency. Item-total correlations
were calculated by Pearson correlation coefficient allowing
us to determine the suitability of the domains of Turkish
POQL identified in the factor analysis. Test-retest reliability
was conducted in a subset of participants (n=16) two weeks
after the initial POQL instrument administration and mea-
sured by intraclass correlation coefficient (ICC) (24). We as-
sessed convergent validity by comparing the response on
the POQL to responses to their self-rated overall oral health
status, using the single-item global self-assessment of cur-
rent oral health which ranged from “poor” to “excellent.” In
addition, discriminant validity was assessed by comparing
scale scores and total scores for children with untreated car-

ies to children who were caries-free (25). The differences in
POQL scores between the groups were assessed using the
Mann-Whitney U-test.

Results

Turkish POQL adaptation process

After the interviews with the individual patients and par-
ents, and the professional staff committee reviews, partic-
ipants and committee members reported that all items
were relevant in relation to children’s oral health. The En-
glish, “don’t want’, in the 5" POQL question was replaced
with the word “avoid” (kaginmak) in the Turkish version. For
the 6™ POQL question instead of the word “worry”, “think”
(distinmek) was used. With the exception of these chang-
es the conceptual meaning was preserved as in the English
version.

The demographic data of children and their caregivers who
completed the surveys is; seventy-six (53.3%) children were
male and 73 (46.7%) children were female of the total 149
participants. The age of children range were between 7 and
14 (mean%SD: 10.82+1.76). “Caregivers” were parents of the
child who filled the survey while “Parent’s education” was the
highest grade or level of school that parent have complet-
ed. “Income” was a self-report of the economic status of the
child’s family and “Parent smoke” was current smoking situ-
ation.

Table 4. Test-retest of child self report and parent report on child (n=16)

Intraclass correlation coefficient Paired T Test

Test1 Mean Test2 Mean
(sd) (sd) ICC P T p
CSR - Total Score 14.42 (14.31) 12.60 (10.38) 0.895 <.001 0.948 0.358
CSR - Role and Physical Function 13.28(15.88) 11.84 (10.66) 0.852 <.001 0.590 0.564
CSR - Social Impact 14.58 (13.81) 12.15(10.23) 0.853 <.001 1.005 0.282
CSR - Emotional Impact 15.79(18.41) 13.88 (16.94) 0.911 <.001 0.754 0.462
PRC - Total Score 15.31(13.74) 14.84 (12.35) 0.992 <.001 0.796 0.439
PRC - Role and Physical Function 15.49 (12.54) 14.84 (10.23) 0.967 <.001 0.639 0.533
PRC - Social Impact 20.31 (23.67) 19.79 (23.78) 0.989 <.001 0.417 0.682
PRC - Emotional Impact 10.06 (13.79) 9.8(13.18) 0.996 <.001 0.436 0.669

CSR: Child Self-Report measure, PRC: Parent Report-on-Child, SD: standard deviation

Table 5. Pediatric oral health related quality of life scores by caries status and reported oral health of child and caregiver

CARIES STATUS

OH1 - Child Self Report OH1 - Parent Report on Child

SCORE Caries free Caries E,VG,G* F P* P E, VG, G* F, P* p

CSR - Total Score 15.0 262  <.001 13.6 352 <001 13.2 34.1 <.001
CSR - Role & Physical Function 15.5 31.0 <.001 16.3 39.6 <.001 15.6 38.8 <.001
CSR - Social Impact 12.6 228  0.005 10.7 320 <.001 10.9 30.1 <.001
CSR - Emotional Impact 16.7 23.0 0.034 12.8 32.0 <.001 123 317 <.001
PRC - Total Score 14.4 24.1 0.001 15.4 28.8 <.001 11.9 35.1 <.001
PRC - Role & Physical Function 16.4 269  0.003 16.9 328  <.001 13.6 357 <.001
PRC - Social Impact 16.2 244 0.028 17.5 27.8 0.001 12.3 334 <.001
PRC - Emotional Impact 10.0 199  0.002 11.2 244 <001 8.4 26.9 <.001

*E, VG, G: excellent, very good, good; *F, P: Fair, Poor; CSR: Child Self-Report measure; PRC: Parent Report-on-Child; SD: standard deviation
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Factor Analysis

An exploratory iterated principal factor analysis on the 10
Turkish POQL items was conducted. Varimax rotation was
used with the eigen value of 1. Turkish CSR and PCR data were
separately rotated. Based on varimax rotation separately done
for Turkish CSR and PCR, the variance was distributed across
three factors and individual items clustered with a coherent
theme to each factor: role and physical functioning, social
functioning and emotional functioning. Factor loadings for
“role and physical functioning” were .669, .679, .873 and .828
(pain, trouble eating, pay attention at school, miss school);
“emotional impact” were .856, .820 and .789 (angry/upset,
worry, cry); and “social impact” were .848, .836 and .731 on
CSR. Factor loadings for “role and physical functioning” were
.610,.785,.757 and .849 (pain, trouble eating, pay attention at
school, miss school); “emotional impact” were .760, .873 and
.782 (angry/upset, worry, cry); and “social impact” were .774,
.805 and .697 on PRC. Thus, the Turkish version of POQL has
3 domains instead of the 4 domains in the English version.
The English version includes Physical Functioning, Role Func-
tioning, Social Impact and Emotional Impact. In contrast, the
Role Function subscale in Turkish version includes both the
Physical Impact and Role Function items of the original scale
(17). For Turkish children and their caregivers the items “pain”
and “difficulty while eating” are associated with the items “pay
attention/school” and “miss school”.

Reliability

The internal consistency was assessed using Cronbach'’s
alpha coefficient. For the Turkish CSR Cronbach alpha was
0.905 and for the Turkish PCR it was 0.887. All the subscales
show strong correlations with the total score ranging be-
tween 0.814 and 0.887. Cronbach’s alpha coefficients did not
increase by deleting any item. The item-total correlation coef-
ficients ranged from 0.661 to 0.793 (Table 3).

The test-retest reliability of the Turkish POQL was examined
through a sub-sample (n=16) completing the instrument a
second time two weeks later the first survey application (Ta-
ble 4).1CC values were 0.895 for the child self report and 0.992
for the parent report on child in Turkish version. ICC values
of child report subgroups (role and physical function, social
function and emotional function) ranged between 0.852 and
0.911. Parent report on child ICC values of subgroups ranged
between 0.967 and 0.996. Discriminant validity of the scales
and total scores was examined by comparing children with
caries with children known to be caries free, and convergent
validity by relating POQL scores with global perceptions of
oral health status (the OH1) reported by child and caregiver
separately. Table 5 shows the average scale and total scores
by caries status and perceived oral health. For each scale and
total score there was a significant difference by caries status
and by child and parent-reported oral health.

Discussion

Studies in English speaking countries, evaluating dental im-
pacts on the quality of life, have been conducted since 1980

(26). In order to use these instruments among other popu-
lations, instruments need to be translated, adapted and val-
idated. The process of translation and cross cultural adapta-
tion was done according to WHO criteria (20). The English and
Turkish versions were conceptually equivalent except in re-
gards two items, “don’t want” and “worry”, resulting in modest
differences in meaning from the English version before the
initiating the testing process for reliability and validity.

Based on varimax rotation separately done for Turkish CSR
and PCR, the variance was distributed across three factors.
Distinctive from the four factor English version, role and phys-
ical functioning perception loadings for the Turkish version
were on one factor defined as role plus physical functioning.
This could be the result, for example, of a Turkish cultural per-
spective binding physical health to school success and atten-
dance.

In relation to internal consistency, the item-total correlation
values were higher than Streiner and Norman’s (25) recom-
mended level of 0.20. The Cronbach alpha of this analysis was
satisfactory (between r=0.661 and r=0.793 in child report, be-
tween r=0.664 and r=0.768 in parent report on child). Cron-
bach alpha values and interscale correlations were close to
those in the English version. The child self-report’s Cronbach’s
a values were between 0.55 and 0.83 while the parent report
on child values were between 0.54 and 0.86 (17).

Assessment instruments should be reproducible over time,
the two week interval between the survey applications re-
vealed high test-retest reliability. In general total and subscale
scores of child and parent report showed ICC values r>0.7, in-
dicating good reproducibility. Parent report on child test-re-
test correlation was better than for the child self- report. The
ICC of the Turkish version were between 0.85 and 0.99, higher
than those in the English version (0.49 and 0.88) (17). By com-
parison, ICC values of the Turkish PedsQL condition-specific
version for arthritis were 0.79 to 0.91 for child self-reporting
and 0.80 to 0.88 for parent report on child. Parent-child con-
cordance was 0.42 to 0.92 for the PedsQL Turkish version. Sim-
ilarly, the Spanish version of the POQL showed high values
of Cronbach a, between 0.86 and 0.93, for item-domain and
item-total (19). The Spanish version of the POQL's ICC values
showed similar results with the present study.

Importantly, the Turkish POQL instrument is able to discrim-
inate between children with and without dental caries. Chil-
dren with untreated caries had higher average total and sub-
scale scores than children without untreated caries (p<0.05).
The English version of the POQL showed similar results re-
garding untreated caries; caries-free children as compared to
children with untreated caries showed significant differences
by total POQL score, and by physical and emotional function
scores based on the child self-report instrument. On the oth-
er hand, the PRC instrument showed significant difference
between the groups for total POQL, role, physical and emo-
tional function scores (17). Both the Turkish and English POQL
instruments also demonstrated strong associations between
caries experience and POQL scores like the Spanish POQL
instruments; significant differences between the groups by
dental caries were seen (p=0.4) (19).

Convergent validity was performed by grouping the an-
swers to the “global rating of oral health item” (OH1) dichot-
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omized as excellent, very good, and good versus fair or poor.
The differences between POQL scores in the “Excellent”, “Very
Good"” and “Good” categories were statistically significantly
different than in parents and children who rated the child’s
oral health as fair or poor. Turkish subscales and total POQL
scores were worse in the OH1 groups rating their oral health
as fair/poor. The differences in POQL scores among OH1 re-
sponse groupings and caries experience groupings were also
consistent.

To the best of our knowledge this is the first study among
8-14 year old children in Turkey on pediatric oral health-re-
lated quality of life. In order to enhance the assessment of
oral health and more comprehensively evaluate the oral
health needs of children in different age groups, pediatric
oral-health related quality of life measurements should be
implemented across multiple Turkish speaking populations.
Further studies with larger sample sizes could add more infor-
mation to the literature. Research using instruments like the
POQL is needed to more accurately determine the oral health
needs of children and the impacts of dental problems on their
quality of life.

Conclusion

The Turkish POQL is a quantitative and objective means by
which to measure the impact of oral health in Turkish children
and their families. Our findings suggest that the Turkish ver-
sion of the POQL is a valid and reliable measure of the impact
of oral conditions on the day-to-day lives of 8-14 year old
Turkish children.
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Tiirkce 6z: Tiirkce Pediatrik Adiz Sagliginda Yasam Kalitesi (POQL)
Olceginin Gegerlilik ve Giivenilirliginin incelenmesi. Amag: Bu calismanin
amaci Tiirk¢ce Pediatrik Adiz Saghdinda Yasam Kalitesi (POQL) en-
striimaninin 8-14 yas araligindaki Tiirk cocuklari ve ebeveynleri agisin-
dan gecerlilik ve giivenilirliginin 6lctilmesidir. Gereg ve Yontem: ingilizce
POQL Tiirkgeye cevrilmis ve Tiirk kiiltiiriine adapte edilmistir. Cukurova
Universitesi Cocuk Dis Hekimligi kliniginde 149 cocuk ve onlarin ebev-
eynlerinin yaptigi anketlerle gegerliligi, ic tutarliligi, ayirt edici tutarliligi
ve yakinsak gecerliligi dl¢tilmUstiir. Bulgular: Tiirkce POQLn i¢ tutar-
lihigr Cronbach alfa ile él¢iilmistiir ve cocuk anketi icin 0,905, ebeveyn
anketi icinse 0,887 sonuglari bulunmustur. Test-retest gegerliligi icin
alt 6rneklem segilmis (n=16); bu grubun anketleri iki hafta sonunda
yeniden yapmasi istenmistir. Sinif ici korelasyon katsayisinin bireysel
sonuglari ¢ocuk anketi icin 0,895 ve ebeveyn anketi icin 0,992dir. To-
plam skorlar agisindan ise anketler arasinda klinik ¢iriik durumu ve
algilanan agiz sagligi durumu agisindan her iki anket icin anlamli fark
bulunmaktadir. Sonug: Tiirkce POQL ¢ocuklarin agiz saghklari ile ilg-
ili algiladiklar etkiyi élcmek agisindan gegerli ve glivenilir bir Slgektir.
Anahtar Kelimler: Yasam kalitesi, agiz saghdi, ¢cocuk, gecerlilik ve glive-
nilirlik, pediatrik
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Original research

Quantification of volumetric, surface area and linear airway
changes after orthognathic surgery: a preliminary study

Purpose

The aim of this study was to conduct a retrospective evaluation of the volumetric,
cross-sectional surface area and the linear airway changes in healthy subjects
undergoing orthognathic surgery.

Materials and methods

A total of 10 patients were included in this study and categorized into two groups.
The first group consisted of five patients who underwent maxillary and mandibular
advancements (MMA) with genioplasty. The remaining five patients who underwent
maxillary advancement with mandibular setback (MAMS) comprised the second
group. The changes in airway volume, surface area, and linear values obtained
from defined hard and soft tissue parameters were evaluated using preoperative
and postoperative cone-beam computed tomography. A paired t-test was used to
explore the statistical significance.

Results

A statistically significant increase in the airway volume (34.3%) was observed in
the MMA group. The changes in the MAMS group were not statistically significant,
although an average volumetric decrease of 8.8% was observed. The minimal axial
surface area measurements in the MMA group at the levels of the soft palate and
the tongue were significantly increased (56.8% and 44.9%, respectively). However,
MAMS resulted in no significant changes at these levels (11.2% and 9.1% decrease,
respectively). Linear changes showed a statistically significant increase in the airway
in the MMA group, whereas the same measurements failed to produce significant
changes in the MAMS group.

Conclusion

As there were no significant changes in the measured parameters, surgeons can
have greater confidence that MAMS does not have any negative influence on the
airway.

Keywords: Volumetric, linear, surface area, airway changes, orthognathic surgery

Introduction

Utilization of the cone beam computed tomography (CBCT) has become
aninvaluable tool in the diagnosis and treatment planning in oral and max-
illofacial surgery. Previous analysis of soft tissue and accompanying airway
changes after skeletal movements of the maxilla and mandible were limit-
ed to two dimensions with the lateral cephalogram or increased radiation
and cost using traditional CT scans. With the advent of CBCT imaging, prac-
titioners are now able to accurately define and explore changes pre- and
post-operatively in patients undergoing skeletal movements of the maxil-
lofacial region (1).

Orthognathic surgery has been associated with both positive and neg-
ative changes in patient’s airway function. The negative changes are con-
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troversial and have been implicated in the creation of ob-
structive sleep apnea syndrome (2, 3). Prior studies looking at
airway changes after orthognathic surgery have been limited
in quantifying the amount and location of changes in the air-
way before and after surgical intervention (4) The complexi-
ty of the changes in the airway include alterations in tongue
position, hyoid positioning and pharyngeal wall changes that
are affected by alteration of muscular and ligamentous at-
tachments to the bone. Few studies have attempted to look
at volumetric, surface area and linear changes in the same pa-
tient (4-7). By looking at these expanded parameters, it was
aimed to help clinicians accurately predict and understand fa-
vorable and unfavorable airway changes that follow planned
orthognathic movements.

The aim of this preliminary study was to explore volumet-
ric, cross sectional surface area, and linear changes using pre-
and post-op cone-beam computed tomography (CBCT) im-
aging in healthy patients undergoing orthognathic surgery.
The null hypothesis tested in this study is that there is no
difference between the pre- and post-operative volumetric,
cross-sectional and linear measurement variables in patients
undergoing orthognathic surgery.

Materials and methods
Study population

This study was approved by the Ethical Review Board of
University Hospitals Case Medical Center, Cleveland OH,

Table 1. Patient demographics, average values for maxilla-mandibular
movements

Average age 248 Range (17-54)
Average maxillary advancement 52 mm Range (3-10)
Average mandibular advancement 54 mm Range (3-10)
Average mandibular setback 3.3mm Range (2-5)

Average genioplasty (advancement) 7.8 mm Range (6-11)
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Figure 1. Reconstruction of the 3-D airway.

(Protocol Approval Number: 20110805). Written informed
consent was obtained from patients who participated in this
study. Patients included in the study were chosen random-
ly from a database of orthognathic surgeries performed by
the above department. Exclusion criteria included previous
orthognathic surgery, patients with craniofacial syndromes,
midline shifts of greater than 3 mm, superior or inferior move-
ments of more than 3mm, and any other previous hard or soft
tissue surgery of the maxillofacial region including tonsillec-
tomy and adenoidectomy. Ten patients, aged 17-54 years (av-
erage age of 24.8 years), 5 women and 5 men were divided
into two groups. The first group included five patients that
had maxillary and mandibular advancements with genioplas-
ty. The second group included five patients that underwent
maxillary advancement with mandibular setback. Mandibular
surgery included bilateral sagittal split osteotomies. Maxillary
surgery included Le Fort | osteotomies. All patients under-
went rigid internal fixation of the maxilla and mandible. The
average maxillary advancement was 5.2 mm (range of 3-10
mm) for both groups. Mandibular advancement averaged 5.4
mm (range of 3-10 mm). The mandibular setback averaged
3.3 mm (range 2-5 mm). The advancement genioplasty aver-
aged 7.8 mm (range 6-11 mm) (Table 1).

Imaging procedures

Postoperative CBCT images were obtained approximately
two months after surgery with the patient in natural head po-
sition, using the same machine and technique. Two attending
surgeons and multiple surgical residents, at the same institu-
tion, completed all of the surgeries. Pre- and post-operative
CBCT scans were acquired with CB Mercuray® (CB Mercuray;
Hitachi Medical Corporation, Tokyo, Japan) and analyzed us-
ing Invivo 5.1 (Anatomage, San Jose, Ca) and Dolphin 3D soft-
ware. Digital imaging files were imported to Invivo. The files
were then reconstructed into volumetric, sagittal, and axial
slices.

Linear and volumetric measurements

The changes in airway volume, surface area and linear val-
ues from defined hard and soft tissue parameters were re-
corded. To increase accuracy, each patient underwent three
independent measurements for the above values. These val-
ues were averaged to yield the final linear, volumetric and
surface area numbers to be analyzed. All measurements were
performed and recorded by the same specialist experienced
in craniofacial radiology and imaging. Imaging was com-
pleted using the same scanner and technician based on the
equipment specifications to acquire needed reference points
and areas.

Volumetric analysis of the airway was defined by a superior
plane at the level of the hard palate (HP), from the anterior na-
sal spine (ANS), posterior nasal spine (PNS), posterior pharyn-
geal wall (PP) and an inferior plane ending at the level of the
third cervical vertebrae (3CV). They were then reconstructed
before and after surgery (Figures 1-3). Within these boundar-
ies a minimal constricted axial surface area at the level of the
soft palate and tongue was identified and measured.
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In addition to the above-mentioned parameters, linear two-di-
mensional measurements were recorded from the sagittal view
at the level of the hard palate (HP), third cervical vertebrae (3CV),
soft palate (SP) and tongue (T) pre- and post-operatively. A
fourth measurement of the linear distance included the change
from the genial tubercles to the hyoid pre- and post-operatively.
Finally, on the axial cross sections at the level of the minimal con-
stricted areas, (SP and T) lateral and antero-posterior dimensions
of the airway were measured. Results were evaluated by calcu-
lating percent change of 3-D, 2-D, and linear values.

Statistical analysis
The collected data from all groups were imported to Statis-

tical Package for Social Sciences (SPSS) for Windows software,
version 22.0 (IBM Corp.; Armonk, NY, USA). Descriptive analy-

Figure 2. Sagittal view of the reconstructed 3-D airway.

Figure 3. Pre- (blue) and post-operative (red) airway reconstruction for
makxillary / mandibular advancement.

ses were performed to calculate the mean and standard error
of variables in each group. An exploratory test (Kolmogorov-
Smirnov) test revealed normal distribution of the data; there-
fore, a paired t-test was used to explore statistical significance
pre- and post-operatively. Percent change for the groups was
averaged for all measurements. The confidence interval was
set to 95% and p<0.05 was considered statistically significant.

Results

Ten patients met the inclusion criteria as outlined in the
methods. In general, the results showed favorable airway
changes in the maxillary and mandibular advancement
group.Table 2 shows volumetric changes for the maxillary and
mandibular advancement group. This group showed a statis-
tically significant increase in airway volume of the defined

Table 2. 3-D Volumetric measurements for maxillary/mandibular
advancement

Volumetric

Post-operative
Mean +/-SD Mean +/-SD

10983(4450.8) 15528.8(5099.2) Sig

Significant if p<0.05, paired t-test, Sig: significant, measurements in mm?

Pre-operative
Measurement

Volume

Table 3. 3-D Volumetric measurements for maxillary advancement/
mandibular setback

Volumetric

Post-operative
Mean +/-SD Mean +/-SD

21162(5855.7) 19373.6(5915.1) NS

Significant if p<0.05, paired t-test, NS: not significant, measurements in mm?

Pre-operative
Measurement

Volume

Table 4. Surface area changes maxillary/mandibular advancement

Surface Area

Pre-operative Post-operative

Measurement Mean +/-SD Mean +/-SD
Surface area of 5228.8(910) 5932(1312.2) NS
defined plane

Minimal axial (SP) 192.0 (151.8) 344.5(137.6) Sig
281.2 (233.3) 444.1 (193.0) Sig

Significant if p<0.05, paired t-test, values in mm?

Minimal axial (T)

Table 5. Surface area measurements: maxillary advancement/
mandibular setback

Surface Area

Pre-operative  Post-operative

Measurement Mean +/-SD Mean +/-SD

Surface area of 6800.6(1848.6) 6220.6(1755.4) NS
defined plane

Minimal constricted 555.67(209) 496.6(216.5) NS
axial (SP)

Minimal constricted 467.3(304.8) 426.6(242.3) NS
axial (T)

Significant if p<0.05, paired t-test, NS: not significant, measurements in
mm?Z Min: minimal, SP: soft palate, T: tongue
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area. The mean starting volume of 10,983 mm? increased to
15,528 mm3, This corresponded to an average increase in air-
way volume of 34.3%. Table 3 shows the volumetric changes
in the maxillary advancement and mandibular setback group.
The results in this group were not found to be significant. The
mean pre-operative and post-operative volumes were 21,162

Table 6. Linear measurements: maxillary/mandibular advancement

Linear Measurements

Pre-operative Post-operative

Measurement Mean +/-SD Mean +/-SD

Hyoid-genial tubercle 28.3(2.6) 37.8(3.6) Sig
Lateral dimension (min SP) 17.8 (3.8) 22.2(4.3) NS
A-P dimension (min SP) 5.7 (5.4) 8.9 (6.1) NS
Lateral dimension (minT) 19.9 (7.5) 23.9 (4.9) NS
A-P dimension (minT) 7.1 (5.1) 10.5 (4.0) NS

Significant if p<0.05, paired t-test, NS: not significant, measurements in mm
Min: minimal, SP: soft palate, T: tongue

Table 7. Linear measurements: maxillary advancement/mandibular
setback

Linear Measurements

Pre-operative Post-operative

Measurement Mean +/-SD Mean +/-SD

Hyoid-genial tubercle 39.5 (6.6) 37.6(7.1) NS
Lateral dimension (min SP) 24.8 (7) 23.2(5.3) NS
A-P dimension (min SP) 12.0 (2.2) 11.8 (3.1) NS
Lateral dimension (min T) 23.8 (6.8) 25.5(3.9) NS
A-P dimension (minT) 14.4 (7.5) 5.7 (3.5) NS

Significant if p<0.05, paired t-test, NS: not significant, measurements in mm
Min: minimal, SP: soft palate, T: tongue

Table 8. 2-D measurements for maxillary/mandibular advancement

2-D measurements

Pre-operative  Post-operative

Measurement Mean +/-SD Mean +/-SD

HP sagittal 15.4 (4.4) 19.0 (3.03) NS
SP sagittal 6.9 (6.1) 10.8 (6.4) NS
T sagittal 7.2 (4.99) 10.7 (4.3) NS
3 CV sagittal 10.3 (4.6) 11.7 (4.0) NS

Significant if p<0.05, paired t-test, NS: not significant,
measurements in mm

Table 9. 2-D measurements for maxillary advancement/mandibular
setback

2-D measurements

Pre-operative  Post-operative

Measurement Mean +/-SD Mean +/-SD

HP sagittal 21.0(2.7) 22.3(2.52)

SP sagittal 12.3(2.8) 12.6 (2.7) NS
T sagittal 12.6 (2.7) 12.4 (4.4) NS
3 CV sagittal 12.1 (4.4) 9.7 (2.0) NS

Significant if p<0.05, paired t-test, NS: not significant, measurements in mm

and 19,373 mm?, respectively. This was an average volumetric
decrease of 8.8%.

The minimal axial surface area measurements in the maxil-
lary and mandibular advancement at the level of the soft pal-
ate and tongue were found to be significant (Table 4). The val-
ues of the soft palate mean increased from 192 to 344.5 mm?,
Minimal axial surface area of the tongue increased from 281.2
to 444.1 mm?2. This represented a 56.8 and 44.9% increase.
Once again, as in the volumetric analysis, the maxillary ad-
vancement and mandibular setback group did not produce
significant changes in terms of axial cross sectional surface
area (Table 5). The decrease in surface area at the soft palate
and tongue was 11.2 and 9.1%, respectively.

Table 6 demonstrates that linear changes in the maxillary
and mandibular advancement group showed a statistical sig-
nificance from the hyoid to genial tubercles. Linear changes
in the maxillary advancement and mandibular setback group
were not significant (Table 7). The percent change in the lin-
ear measurements in this group was minimal, a 5% decrease
from hyoid to genial tubercles, a 7% decrease in the lateral
dimension at the level of the soft palate and a less than 1%
change in the A-P dimension at the level of the soft palate.
The lateral dimension at the predefined level of the tongue
showed an increase of 1%. The greatest percent change oc-
curred in the A-P dimension at the tongue, with a decrease of
39%. Two-dimensional values for both groups failed to pro-
duce statistically significant changes (Tables 8, 9).

Discussion

The results of this study support previous findings of fa-
vorable airway changes after maxillary/mandibular advance-
ment. The percent positive change in airway volume was
significant with advancement of the maxilla and mandible.
Volume was found to change less than linear or surface area
values in this group. Of particular interest was the increase in
the minimal axial surface area of the soft palate and tongue.
This identification would not have been possible without us-
ing volumetric analysis to recreate the airway and identify ar-
eas of constriction. As expected, the increased linear distance
from the hyoid to the genial tubercles followed a predicted
pattern with mandibular advancement and genioplasty. Of
interest to this study, a group with mandibular advancement
without genioplasty would have led to further understanding
of changes at this level, and provide data for statistical com-
parison.

The findings of the previous studies, which evaluate airway
changes after mandibular setback surgeries, have so far re-
mained controversial. Tselnik and Pogral (8) reported a reduc-
tion of the airway by 28% in distance and 12.8% in volume
at retro-lingual level. Similar findings of decrease in the air-
way dimensions associated with mandibular setback surger-
ies have also been reported by Athanasiou et al. (9), Gu et al.
(10) and Turnbull and Battagel (11) These studies common-
ly indicate postero-inferior displacement of the hyoid bone,
decrease in inter-maxillary space and sequent posterior dis-
placement of the tongue after the operation. In the present
study however, the maxillary advancement/mandibular set-
back group failed to show significant changes after orthog-
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nathic surgery. This was similar to Park et al. (6) who failed to
show significant changes at the nasopharyngeal and oropha-
ryngeal levels. Jakobsone et al. (7) also failed to show signif-
icant changes with maxillary advancement and mandibular
setback. Lee et al. (12) demonstrated significant changes in
linear values of the upper airway without significant changes
in total airway volume. We believe that the complexity of the
airway accounts for these differences. Each study, including
the present one, used unique movements and positioning of
the maxilla and mandible besides simple anterior or posterior
repositioning. Superior movements, rotations, and asymmet-
ric changes make uniform evaluation impossible and there-
fore can lead to different results.

The comparison of volumetric evaluation of changes with
two-dimensional measurements has seldom been reported.
Shaw et al. (13) have previously stated that two-dimensional
measurements from conventional cephalometric lateral skull
radiographs were comparable to those from CBCT images.
Conversely, Burkhard et al. (14) reported limited comparabil-
ity of linear and volumetric measurement of the pharyngeal
airway space. In the present study, three-dimensional evalu-
ations demonstrated statistically significant changes where
two-dimensional values failed to identify statistically signifi-
cant alterations. Although a limited number of subjects were
included in this preliminary study, we find it safe to state that,
three-dimensional evaluation has the potential to better de-
termine the postsurgical morphological changes.

Several issues in the interpretation of the data need to be
addressed. First, the total number of patients was limited.
Larger numbers would strengthen statistical findings and fu-
ture research may benefit to a great extent from the use of
a larger sample size. Secondly, due to the retrospective na-
ture of this study, no set timing of post-operative scanning
existed. Multiple set post-operative images would allow the
investigator to follow changes over time and lessen issues
of post-operative edema, and compensation of soft tissue
to new bony positions as previously reported by Becker et al.
(15) and Sears et al. (16). It should also be taken into consider-
ation that increased outcomes of volumetric airway changes
may be achieved in cases of greater advancements. Future
research may therefore consider the comparison of different
levels of advancement to better understand the effects of or-
thognathic surgery on airway volume. Finally, the dynamic
nature of the pharyngeal airway makes evaluation difficult.
We believe that, future studies would benefit from standard-
ization of the image recording techniques to a great extent.

Conclusion

Maxillary and mandibular advancement with genioplasty
increased the volume of the pharyngeal airway. This increase
in volume was greater than the increase in surface area and
linear measurements. Mixed advancement of the maxilla and
posterior movement of the mandible failed to produce signif-
icant changes, which can be interpreted as a positive result.
Without significant changes in the measured parameters,
surgeons can have greater confidence that this combination
movement is not altering the airway in a negative way. Fur-
ther studies with standardized movements and increased

number of patients will lead to more comprehensive under-
standing of airway changes after orthognathic surgery.
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Tiirk¢e 6z: Ortognatik cerrahi girisim uygulanmis saglkl bireylerde
havayolunda meydana gelen hacimsel, lineer ve kesit ylizey alaninda-
ki degisimlerin incelenmesi. Amag¢: Bu ¢alismanin amaci, ortognatik
cerrahi girisim uygulanmis saglikli bireylerde havayolunda meydana
gelen hacimsel, lineer ve kesit ylizey alanindaki degisimlerin geriye
dénlik olarak incelenmesidir. Gere¢ ve Yéntem: Calismaya 10 hasta
dahil edilmistir. ilk grupta maksiller ve mandibuler ilerletme (MMi) ile
birlikte genioplasti uygulanms bes hasta yer almaktadir. ikinci grupta
ise maksiller ilerletme ile birlikte mandibuler geriletme (MIMG) uygulan-
mis bes hasta yer almaktadir. Belirlenen sert ve yumusak doku parame-
treleri kullanilarak, operasyon éncesi ve sonrasinda konik-1sinli bilgisa-
yarli tomografi (KIBT) ile 6l¢tilen havayolu hacmi, yiizey alani ve lineer
degerlerdeki degisimler incelenmistir. Eslestirilmis t-testi kullanilarak
istatistiksel degerlendirmeler gerceklestirilmistir. Bulgular: MMI gru-
bunda havayolu hacminde istatistiksel olarak anlamli bir artis (%34,3)
gézlenmistir. MIMG grubunda, havayolu hacminde ortalama %8,8'lik
bir azalma g6zlenmesine ragmen, meydana gelen degisim istatistiksel
olarak anlamli bulunmamustir. MMI grubunda, yumusak damak ve dil
seviyesinde yapilan élciimlerde minimal aksiyal yiizey alaninda anlam-
I artig gbézlenmistir (sirasi ile %56,8 ve %44,9). MiIMG grubunda bu
seviyelerde yapilan 6l¢timlerde istatistiksel olarak anlamli degisim g6-
zlenmemistir (sirasi ile %11,2 ve %9, 1 azalma). MM grubunda yapilan
lineer 6l¢iimlerde havayolunda istatistiksel olarak anlamli bir artis
gézlenirken, MIMG grubunda bu élciimlerde anlamli bir fark bulun-
mamustir. Sonug: Olciilen parametrelerde anlamli bir dedisiklige neden
olmayisi ile havayolu lizerinde olumsuz bir etkisi olmadigi belirlenen
MIMG cerrahisi giivenle uygulanabilir bir yaklasimdir. Anahtar kelimel-
er: Hacimsel, lineer, ylizey alani, havayolu degisikligi, ortognatik cerrahi
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Original research

Child perceptions questionnaire 11-14 in Turkish language in

an orthodontic patient sample

Purpose

The Child Perceptions Questionnaire 11-14 (CPQ 11-14) is a generic tool that was
developed to measure oral health-related quality of life in early adolescents. The
aim of this study was to prepare a Turkish version of the CPQ 11-14 and to test its
psychometric properties in an adolescent orthodontic patient sample.

Materials and Methods

The questionnaire was adapted to Turkish using a forward backward translation
method, and it was found to be understandable in a pilot study (n=15). The Turkish
version of the CPQ 11-14 was administered to 200 orthodontic consultation
patients (aged 11-14 years). Retests were conducted in 50 patients 2 weeks after
the first tests. The ICON index was used to determine the orthodontic treatment
need. Decayed, missing, and filled teeth were also recorded with the DMFT index.
Spearman correlations and t-tests were used to assess validity. Internal consistency
was assessed using Cronbach’s alpha coefficient, and intraclass correlation
coefficients were calculated to assess test-retest reliability.

Results

Significant positive correlations were found between CPQ 11-14 scores and the
global ratings of oral health (r=0.381), global ratings of well-being (r=0.350),
ICON scores (r=0.211), and DMFT scores (r=0.233), supporting construct validity.
Children who needed orthodontic treatment had a worse quality of life than
those who did not need orthodontic treatment (p=0.016). Cronbach’s alpha and
intraclass correlation coefficients were calculated as 0.917 and 0.817, respectively,
demonstrating good internal consistency and acceptable test-retest reliability.

Conclusion
The Turkish version of the CPQ 11-14 was found to be valid and reliable in
11-14-year-old orthodontic patients.

Keywords: Orthodontics, quality of life, child perceptions questionnaire, validation,
Turkish

Introduction

WHO defined health as “the state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity” Since then
biomedical health model evolved into the biopsychosocial health model
and quality of life assessments have gained attention in medicine (1, 2).
According to WHO, quality of life is defined as’‘an individual’s perception
of their position in life in the context of the culture and value systems in
which they live and in relation to their goals, expectations, standards, and
concerns. It is a broad ranging concept affected in a complex way by the
person’s physical health, psychological state, personal beliefs, social rela-
tionships and their relationship to salient features of their environment”(3).

Oral health is also known to influence the quality of life. Although research
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on the oral health-related quality of life began in adult popu-
lations, more recently, adolescents’ oral health-related quality
of life assessments gained attention as well (4). This later grow-
ing interest was explained as a result of the inherent difficulties
with the measurement of abstract concepts in growing individ-
uals who are also developing regarding self-concept and cog-
nitive capabilities (5). Therefore, further studies were carried
out to provide quality of life assessment instruments for spe-
cific age groups (5-7). Child Perceptions Questionnaire 11-14
(CPQ 11-14) was developed to measure the oral health-related
quality of life in 11-14 year olds with dental, oral and orofacial
problems and became the most frequently used tool in the lit-
erature (5, 8).

Oral health-related quality of life assessments became in-
creasingly popular in the field of orthodontics as well, most-
ly to determine treatment need or to assess treatment out-
comes (9). Although CPQ 11-14 is increasingly being used in
the orthodontic literature, there is no validated adaptation for
Turkish culture and language. Therefore, the aim of this study
was to adapt CPQ 11-14 to Turkish culture and language and
to test its validity and reliability in11-14 year old patients who
had arranged for orthodontic consultations. The null hypoth-
esis was stated as CPQ 11-14 Turkish version is not valid nor
reliable to measure oral health-related quality of life in ortho-
dontic patients.

Materials and Methods
Ethical approval

Ethical approval was granted by the Ethics Committee of
Yuiziinct Y1l University, Faculty of Medicine (decision number
02; dated 18.04.2014). Informed consent was obtained from all
of the participants included in the study.

Description of the questionnaire

CPQ 11-14 consists of 2 global questions addressing oral
health and well-being and 37 questions on four different
domains. These questions ask the frequency of events and
feelings in the last three months about oral symptoms (6),
functional limitations (9), emotional well-being (9) and social
well-being (13). The questionnaire has a Likert scale struc-
ture and response options are; “0=Never’, “1=0nce/twice",
“2=Sometimes, “3=0ften and “4=every day/almost every
day” Higher scores indicate worse oral health-related quality
of life (5).

Translation, adaptation and pretesting of the CPQ 11-14

Guidelines recommended in the literature for cross-cultur-
al scale adaptations were followed during the preparation of
the CPQ 11-14 Turkish questionnaire (10-12). In the first part
of the study, CPQ 11-14 was forward translated into the Turk-
ish language by two translators. Both translators were fluent
in English and talked Turkish as their native language. While
one of the translators had a medical background, the other
did not have any knowledge about the CPQ 11-14 question-
naire or the concept of oral health-related quality of life. After

the synthesis of translated questionnaires, two other trans-
lators prepared two back translations. These two translators
talked English as the native language, and both were fluent
in Turkish. Neither of them had seen the original CPQ 11-14
questionnaire before. At last, the translators and the author
of this paper gathered all four questionnaires together and
evaluated CPQ 11-14 Turkish form regarding face and content
validity.

Pilot testing of the questionnaire was performed on 15
volunteers who have applied to the Yizinci Yil University,
Faculty of Dentistry, and Department of Orthodontics for
consultation. Each one of the volunteers was interviewed
about his/her understanding for all of the explanations,
questions and answer options in the questionnaire and,
the questionnaire was found to be generally understand-
able. Turkish version of the questionnaire was shown in
Table 1.

Application of the questionnaire

Two hundred children aged 11-14 who have applied for or-
thodontic consultation between 17.04.2014 and 27.12.2014
were included in the main study. Inclusion criteria were de-
fined as the consent of the parent and the child, and the child’s
proficiency in Turkish reading and writing. Patients who had
clefts of the lip or palate or any other syndromes were exclud-
ed. Parents were asked to stay in the waiting lounge to avoid
interference in the responses. The questionnaires were col-
lected and checked for missing responses before the children
left the clinic. The participants were invited to answer any
missing questions when existed. To assess test-retest reliabil-
ity, 50 volunteers who had to take appointments for ortho-
dontic record taking or reevaluation of oral hygiene problems
were scheduled for two weeks apart and the CPQ 11-14 was
applied again.

Clinical measures

During clinical examination, the numbers of decayed, miss-
ing and, filled teeth were recorded using DMFT index. Missing
teeth related to congenital absence were not included. Or-
thodontic treatment need was determined using ICON (Index
of Complexity, Outcome, and Need). Aesthetical assessment,
crowding or spacing amount in the upper arch, cross bites,
overbite-open bite and anteroposterior relation of the buccal
segments are considered in orthodontic treatment need as-
sessment using ICON index (13).

Statistical analysis

All analyses were performed with IBM SPSS Statistics soft-
ware package ver. 24.0 (IBM Corp.; Armonk, NY, USA).Over-
all and subscale CPQ 11-14 scores were calculated for each
respondent. Descriptive statistics (mean and standard devi-
ation) for CPQ 11-14 overall and subscale scores were per-
formed. Independent samples t-tests were used to compare
CPQ 11-14 overall and subscale scores in patients according
to orthodontic treatment need to assess discriminant valid-
ity. Spearman rank correlations were calculated between
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CPQ 11-14 overall and subscale scores and global ratings of  Results

oral health, global ratings of overall well-being, DMFT scores,

and ICON scores to test the hypotheses for construct and dis- Independent samples t-test results for the comparisons of
criminant validity. Internal consistency was calculated with ~ CPQ 11-14 overall and subscale scores between patients ac-
Cronbach’s alpha coefficients and, test-retest reliability was  cording to their orthodontic treatment need status are shown
assessed using intra-class correlation coefficients. in Table 2. Patients who had orthodontic treatment need ac-

Table 1. Turkish translation of the Child Perceptions Questionnaire 11-14 (CPQ 11-14) which was used in this study
Genel sorular

Sizce dislerinizin, dudaklarinizin, ¢enelerinizin ve agzinizin saghgi nasil?
Miitkemmel/Cok iyi/iyi/Fena degil/Kétii

Dislerinizin, dudaklarinizin, cenelerinizin veya agzinizin durumu hayatinizi toplamda ne kadar etkiliyor?
Hi¢/Cok az/Biraz/Fazla/Cok fazla

Olcek sorulari

SON UC AY iCERISINDE NE SIKLIKLA...

1. Dislerinizde, dudaklarinizda, ¢enelerinizde veya agzinizda agr hissettiniz?

2. Disetleriniz kanadi?

3. Agzinizda yara oldu?

4. Nefesiniz kotl koktu?

5. Disleriniz icine veya arasina yiyecekler takildi?

6. Agzinizin tavanina yiyecekler takildi?

7. Agizdan nefes aldiniz?

8. Bir yemegi yemeniz diger insanlardan daha uzun sirdi?

9. Uyumakta zorlandiniz?

10. EIma, misir veya biftek gibi yiyecekleri isirmakta veya cignemekte zorlandiniz?
11. Agzinizi cok agmakta zorlandiniz?

12. Herhangi bir kelimeyi sdylemekte zorlandiniz?

13. Istediginiz yiyecekleri yemekte zorlandiniz?

14. Pipetle birsey icmekte zorlandiniz?

15. Sicak veya soguk gidalar yemekte veya icmekte zorlandiniz?

16. Sinirlendiniz veya hayal kirikligina ugradiniz?

17. Kendinizden emin olmadiginizi hissettiniz?

18. Utangag veya mahcgup hissettiniz?

19. Diger insanlarin disleriniz, dudaklariniz, ceneleriniz veya agziniz hakkinda distincelerinden endiselendiniz?
20. Diger insanlar kadar iyi gériinmediginizden endiselendiniz?

21. Mutsuz oldunuz?

22. Endiselendiniz veya korktunuz?

23. Diger insanlar kadar saglhkl olmadiginizdan endiselendiniz?

24. Diger insanlardan farkli oldugunuzdan endiselendiniz?

25. Agn, dis hekimi randevusu veya dis hekiminde yapilan islem yiliziinden okula gidemediniz?
26. Okulda dikkatinizi toplamakta zorlandiniz?

27. Ev 6devinizi yapmakta zorlandiniz?

28. Sinifta yiiksek sesle konusmak veya okuma yapmak istemediniz?

29. Spor, tiyatro, muzik veya okul gezisi gibi etkinliklere katiimak istemediniz?

30. Diger ¢ocuklarla konusmak istemediniz?

31. Diger ¢ocuklarla birlikteyken giilmek veya kahkaha atmak istemediniz?

32. Flut gibi bir mizik aleti calmakta zorlandiniz?

33. Diger ¢ocuklarla birlikte zaman gegirmek istemediniz?

34. Diger cocuklarla veya ailenizle tartistiniz?

35. Diger ¢ocuklar sizinle dalga gecti veya size lakap takti?

36. Diger cocuklar tarafindan dislanmis hissettiniz?

37. Diger ¢ocuklar disleriniz, dudaklariniz, ceneleriniz veya agziniz hakkinda sorular sordu?

Olcek sorulari icin cevap secenekleri Hic/Bir-iki defa/Bazen/Siklikla/Hergiin veya neredeyse hergiin.
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Table 2. Discriminant validity: Overall and subscale scores for children

with and without orthodontic treatment need as determined by Index of
Complexity, Outcome, and Need (ICON) (*Independent samples t-test)

Orthodontic Treatment Need

Yes (n=140) No (n=60) p*
Total scale 41.40£20.67 34.03£17.14  0.016
Subscales
Oral symptoms 7.99+£3.46 7.33+£3.49 0.220
Functional limitations 8.97+5.40 8.03+4.60 0.241
Emotional well-being 12.71+8.46 10.42+6.84 0.045
Social well-being 11.72+8.37 8.25+6.24 0.001

Table 3. Discriminant validity: Rank correlations between DMFT and

ICON scores, and overall and subscale scores (*Spearman’s correlation
coefficient)

DMFT ICON
r* P r¥ P
Total scale 0.233 0.001 0.211 0.003
Subscales
Oral symptoms 0.145 0.041 0.019 0.787

Functional limitations ~ 0.212 0.003 0.095 0.182
Emotional well-being  0.167 0.018 0.178 0.011
Social well-being 0.213 0.002 0.279 0.001

Table 4. Construct Validity: Rank correlations between global

ratings of oral health and well-being, and overall and subscale scores
(*Spearman’s correlation coefficient)

Global rating
Oral health Overall well-being
r* p r* p
Total scale 0.381 0.0001 0.350 0.0001
Subscales
Oral symptoms 0.327 0.0001 0.167 0.018

0.0001 0.161 0.022
0.0001 0.369
0.0001 0.311

Functional limitations ~ 0.323
0.0001
0.0001

Emotional well-being ~ 0.325
Social well-being 0.301

Table 5. Reliability statistics for total scale and subscales (*One-way

random effect model; p<0.001 for all values)

intra-class
Cronbach’s Correlation
Number Alpha Coefficient
ofltems  (n:200) (%95 CI)* (n:50)
Total scale 39 0917 0.817 (0.574-0.922)
Subscales
Oral symptoms 6 0.726 0.885 (0.733-0.951)
Functional limitations 9 0.708 0.733(0.379-0.886)
Emotional well-being 9 0.895 0.780 (0.488-0.906)
Social well-being 13 0.831 0.799 (0.532-0.914)

cording to ICON index had significantly greater CPQ 11-14
overall, emotional well-being and social well-being subscale
scores when compared to patients who did not have orthodon-
tic treatment need (p=0.045, p=0.001, p=0.016 respectively).
There were no statistically significant differences in oral symp-
toms or functional limitations scores between groups (p>0.05).

Rank correlations between CPQ 11-14 overall and subscale
scores and, ICON and DMFT index scores are shown in Table
3. There was a statistically significant positive correlation be-
tween ICON scores and CPQ 11-14 overall scores (r=0.211,
p=0.003). Among the subscale scores emotional and so-
cial well-being were positively correlated with ICON scores
(r=0.178, p=0.011, r=0.279, p=0.001 respectively).There were
no statistically significant correlations between ICON scores
and oral symptoms or functional limitations.

Significant positive correlations were observed between
DMFT scores and CPQ 11-14 with all of its subscales (oral
symptoms; r=0.145, p=0.041, functional limitations; r=0.212,
p=0.003, emotional well-being; r=0.167, p=0.018, social
well-being; r=0.213, p=0.002, total scale; r=0.233, p=0.001).
There were significant positive correlations between glob-
al ratings of oral health, overall well-being, and CPQ 11-14
scores. Besides, all of the subscale scores were also signifi-
cantly correlated with global ratings (Table 4). Reliability sta-
tistics for CPQ 11-14 are shown in Table 5. CPQ 11-14 total
scale alpha coefficient was calculated as 0.917 and subscale
alpha coefficients were between 0.708 and 0.895. intra-class
correlation coefficient was 0.817 for the total scale and var-
ied between 0.733 and 0.885 for the subscales.

Discussion

It is important to use mutual measurement tools in the
quality of life studies just as in clinical studies to conduct
cross-cultural research, to collect global evidence together
and to compare research results among different studies (14).
CPQ 11-14 has been reported to be the most frequently used
oral health-related quality of life questionnaire for early ado-
lescents (8, 15). It has been proved to be valid and reliable in
many adaptation studies (14-22). However, there is currently
no study in the literature demonstrating CPQ 11-14 Turkish
version’s psychometric properties.

Construct validity is one of the prerequisites for health-re-
lated quality of life scales. Correlations between similar tests
and comparison of test scores between patients with differ-
ent clinical characteristics (known groups) can be utilized to
test construct validity (23, 24). The null hypothesis was reject-
ed. The results of this study have shown that there were sig-
nificant correlations between CPQ 11-14 total and subscale
scores and, both of the two global questions that were asked
at the beginning of the questionnaire. This finding provides
evidence that CPQ 11-14 Turkish version has construct va-
lidity, and it is similar to those of other studies which have
validated CPQ 11-14 across several languages (5, 16, 17). Neg-
ative relations between the number of decayed, missing and
filling teeth and oral health-related quality of life with all sub-
dimensions were also observed (Table 3) which is in agree-
ment with Canadian pedodontic patients (5) providing addi-
tional evidence for construct validity.
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The results have shown a negative relation between mal-
occlusion severity and oral health-related quality of life with
emotional and social well-being domains (Table 3). When
patients were compared according to their orthodontic treat-
ment need status, significant differences were also observed
in aforementioned dimensions (Table 2). This finding is also
consistent with previous research (25-27). The reason why
malocclusion severity is associated with emotional and social
well-being but not oral symptoms or functional limitations
can be explained by the fact that people often seek ortho-
dontic treatment for aesthetic improvement (28) but not that
much for physical reasons like pain or gingival bleeding or
functional problems like chewing, mouth opening or speech.

Reliability of the CPQ 11-14 was evaluated with test-retest
and internal consistency calculations. Retest reliability is the
stability of the observed scores from a scale among different
administrations. It is important to conduct retests within a
reasonable period concerning the construct of interest. Lon-
ger retest time intervals may lead to decreases in reliability
calculations since health is variable and patients may change
their opinions about their health over time. Short retest inter-
vals are also undesirable since patients may remember their
old answers and some even think of the retest method as a
memory test (29). Therefore, retest appointments were sched-
uled two weeks after the initial administrations with regard to
similar studies (5, 14, 16). Intra-class correlation coefficients
were calculated as 0.817 for total scale and 0.885, 0.733, 0.780
and 0.799 for subscales thus retest reliability coefficients were
found to be acceptable (Table 5).

Cronbach’s alpha coefficient examines the consisten-
cy between individual items and total scale or subscale
scores (30). In this study, alpha coefficients were calculat-
ed as; 0.917 for total scale, 0.726 for Oral Symptoms, 0.708
for Functional Limitations, 0.895 for Emotional Well-Being
and 0.831 for Social Well-Being subscales (Table 4). Alpha
coefficients of the Turkish version are found to be similar to
those observed in the original form (5). Internal consisten-
cy is considered ideal when alpha coefficients are between
0.70 and 0.95 (24).

Conclusion

CPQ 11-14 Turkish form is a valid instrument to measure
oral health-related quality of life in orthodontic clinics. Hope-
fully, with the inclusion of the quality of life measurements in
orthodontic clinical trials, those aspects of treatment that are
important for patients would be evaluated as well as further
information about the psychometric properties of the CPQ
11-14 Turkish form would be attained. Future studies would
be appropriate to evaluate the performance of CPQ 11-14
Turkish version in general (non-orthodontic) samples.

Ethics Committee Approval: Ethical approval was granted by the
Ethics Committee of Yliziinct Yil University, Faculty of Medicine (de-

cision number 02; dated 18.04.2014).

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

Peer-review: Externally peer-reviewed.

Author Contributions: CA designed the study, analyzed the data
and wrote the paper. CA, ACY, AA, DSS generated and gathered the
data. All authors have approved the final version of this article.

Acknowledgements: Authors would like to thank Dr. Rana Kony-
alioglu for her help in the design of the study and statistical analysis
of the data.

Conflict of Interest: No conflict of interest was declared by the au-
thors.

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

Tiirk¢e 6z: Ortodontik Hasta Ornekleminde Cocuk Algr Olcegi 11-14
Tiirkce Formunun Dederlendirilmesi. Amag:Cocuk Algi Anketi 11-14
(CPQ 11-14), ergenlik déneminde adizsaghdi ile ilgili yasam kalitesini
6lcmek icin gelistirilen bir aractir. Bu arastirmanin amaci CPQ 11-14'(in
Tiirk¢e uyarlamasini hazirlamak ve ortodontik bir hasta 6rnekleminde
psikometrik 6zelliklerini test etmektir. Gere¢ ve Yontem: Anket, ceviri geri
ceviri ydntemiyle Tiirkce’ye uyarlanmistir. Anketin anlasilirhigi 15 kisinin
katildigi bir 6n ¢calisma ile belirlenmistir. CPQ 11-14 Tiirk¢e formu, 200
ortodontik muayene hastasina (11-14 yas) uygulanmustir. llk testlerden
iki hafta sonra 50 hasta ile tekrar test uygulamasi yapilmistir. Ortodon-
tik tedavi ihtiyacini 6lgmek icin ICON indeksi kullaniimistir. Cliriik, eksik
ve dolgulu disler DMFT indeksi ile kaydedilmistir. Olcegin gecerligi,
Spearman korelasyonlari ve t-testleri kullanilarak degerlendirilmistir.
Olcegin ic tutarlik ve test-tekrar test guvenirlikleri Cronbach alfa vesinif
ici korelasyon katsayilarikullanilarak belirlenmistir. Bulgular: CPQ 11-
14 puanlari ile adiz saghginin geneldurumu (r:0,381), genel iyi olus
(r:0,350), ICON skorlari (r:0,211) ve DMFT puanlari (r:0,233) arasinda
anlamli pozitif korelasyonlarin gézlenmesi ile dlgegin yapisal gegerlige-
sahip oldugu desteklenmistir. Buna ek olarak, ortodontik tedaviye ihti-
yag duyan ¢ocuklarin, ortodontik tedaviye ihtiya¢ duymayan ¢cocuklara
gore daha kétii yasam kalitesine sahip oldugugézlenmistir (p=0,016).
Cronbach alfa ve sinifici korelasyon katsayilar1 0,917 ve 0,817 olarak he-
saplanmis ve élceginiyi derecede i¢ tutarlilik ve kabul edilebilir derecede
tekrar test glivenirligine sahip oldugu bulunmustur. Sonug¢: CPQ 11-14
Tiirkge uyarlamasi, 11-14 yas grubundaki ortodontik muayene hasta-
larinda gecerli ve giivenilir bir 6icektir. Anahtar Kelimeler: Ortodonti,
yasam kalitesi, cocuk algi 6lcegi, gecerlik, Tirkce
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The relationship between tooth color, skin and eye color

Purpose

Tooth color is one of the most important factors in dental and facial esthetics. The
aim of this study was to determine the tooth color of the upper frontal teeth in
subjects and to provide comparisons with different skin and eye colors.

Material and methods

Tooth color was determined in 255 patients in the intercanine sector of the maxilla
using an intraoral spectrophotometer Vita Easyshade® (Vita Zahnfabrik. H Rauter
GmbH & Co. KG. Bad Sackingen. Germany). Skin and eye color was determined by
visual perception. The shades of the Vita Tooth Guide 3D Master (Vita Zahnfabrik,
H Rauter GmbH & Co, KG, Bad Sackingen, Germany) were registered by the
spectrophotometer. Pearson’s chi-squared test was used to examine the differences
between tooth color and skin and eye color.

Results

The most frequent shade registered in the central incisors was 2M1 (62 subjects,
8.10%); in the lateral incisors, 1.5M1.5 (65 subjects, 8.50%); and in the canines, 2M3
(142 subjects, 18.56%). Pearson’s chi-squared test results showed a statistically
significant difference in the relations between skin and eye color and central incisor
color (p<0.01; p<0.001), lateral incisor color (p<0.001), and canine color (p<0.001;
p=0.001). On the other hand, no significant difference was observed in the relation
of the lateral incisors and canines with eye color.

Conclusion
Skin and eye color significantly correlate with tooth color; however, the color of
lateral incisors and canines does not correlate significantly with eye color.

Keywords: Color determination, intraoral spectrophotometer, eye color, tooth color,
skin color

Introduction

The color of teeth is strongly determined by dentin with more translu-
cent enamel playing a lesser role through scattering at wavelengths in the
blue range (1). The tubules are the predominant cause of light scattering in
dentin and in enamel the hydroxyapatite crystals contribute significantly
to scattering (2). At the outermost incisal and proximal edges of teeth, the
layer of enamel is backed only by its own curved surface; because of the in-
terfacial reflection caused by the change in index of refraction, this surface
acts as a condensing mirror focused on the dentin (3).

Many authors reported that color matching is difficult and the results
are inadequate (4-8).The use of unsuitable shade guides for color selection
adds to the problems making consistent color matching impossible (6, 9).
Existing shade guides are unsuitable (10) as the shades do not conform to
tooth color (8, 11) and there is a lack of any organized distribution of the
samples (5, 6, 8). Also, they are constructed in different materials and the
colors do not match the restorative material (6).
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Prosthodontists, in their daily routine have to harmonize
tooth shade with facial appearance in fully edentulous patients
or complete fixed appliances. Authors (12) suggest that the
color of the teeth must harmonize with the surrounding envi-
ronment such as skin, hair, eye color and age all with the aim
of enhancing facial appearance.The color of the restorations
is a significant factor affecting dental appearance of maxillary
anterior teeth in patients and, therefore, the clinician has to be
very careful in choosing the right one using reliable tools (13).
The knowledge of human tooth color and its distribution are
very important in aesthetic dentistry (14).Tooth color has an
influence on aesthetics and it is important for social rehabilita-
tion of denture wearers (15, 16). Sykora (17), concluded that the
determination of the color of posterior teeth should be based
on premolars and for anterior teeth on upper central incisors.

The denture aesthesis has been defined as “the cosmetic
effect produced by a dental prosthesis which affects the de-
sirable beauty, attractiveness, character and dignity of the in-
dividual (18).Based on Veeraganta (19), it can be concluded
that tooth shade value is significantly influenced by age. Chi-
square statistical test demonstrated that younger subjects
have lighter tooth shade values. According to Richardson,

Figure 1. Intraoral spectrophotometer Vita Easyshade®.

Figure 2. The Infection Control Shield was inserted to the probe tip of
the spectrophotometer.

the illusion of greater contrast between skin color and tooth
shade explains the visual perception that individuals with
darker skin color have lighter shades of teeth (20). Lagou-
vardos et al. (21), concluded that teeth color was not related
to eye color. The purpose of this study was therefore the de-
termination of tooth shades of the upper frontal teeth in sub-
jects and their comparison with different skin and eye color.

Materials and Methods
Study population

This study analyzed the tooth color, measured by a spectro-
photometer in different skin and eye color and was realized in
the University Dental Clinical Center of Kosovo (UDCCK). Before
we started with this research, on 09" of November 2009, the
Ethical Approval was issued from UDCCK. The statement for ap-
propriation of the investigation was issued with no. 138/2009
and signed from members of Ethical Board in UDCCK. The
measurements, which were conducted at the University Den-
tal Clinical Center of Kosovo, were made in the intercanine
sector of maxilla in 255 subjects of Kosovo Albanian popula-
tion (130 females and 125 males). Based on visual perception,
the skin tones were divided into 3 categories: light, medium
and dark skin. The eye color was categorized into four groups:
brown, green, blue, very dark brown eye color. The total of 765
left teeth from the midline of maxilla (central incisors, lateral
incisors and canines) were analyzed. The subjects’ teeth color
measurements, were determined using an intraoral spectro-
photometer Vita Easyshade” (Vita Zahnfabrik. H Rauter GmbH
& Co, KG, Bad Sackingen, Germany), Figure 1.

Color assessment

The shades of Vita Tooth Guide 3D Master (Vita Zahnfab-
rik. H Rauter GmbH & Co, KG, Bad Sackingen, Germany) were
registered from the spectrophotometer. The color of skin and
eyes were determined by visual perception. In this study, only
patients with natural teeth, without any fillings, stains and
non-smokers were included. Before the color measurement,
teeth were polished with tooth paste and brush. After that,
Vita Easyshade was turned on and the lamp was warmed up.
The Infection Control Shield was inserted to the probe tip, Fig-
ure 2. After the calibration, the normal measurement mode
was used, which provides a possibility to measure the base
shade of a tooth, with the selection of “Tooth Single” on the
measurement style menu, Figure 3. The probe tip was holed
at 90°, to the third middle segment of vestibular surface of the
tooth. The 3D Master data shades were collected.

Statistical analysis

All statistical analysis were performed using the Statisti-
cal Program STATISTICA 7.1 (Stat. Soft, Inc,; Tulsa, OK, USA).
To evaluate the relationship between tooth color, skin and
eye color, Pearson’s test was used. Chi square test of inde-
pendence were selected to evaluate bivariate relationships
among variables. Confidence level was set to 95% and p val-
ues less than 0.05 were considered as significant.
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Results

In the central incisors the most frequently registered shade
was 2M1 in 62 subjects (8.10%). The shades that were regis-
tered rarely were: 3.5M2.5 (0.13%), 4M1 (0.13%), 4M2.5 (0.13%),
1M1.5 (0.13%), 2.5M2 (0.13%), 3L2.5 (0.13%), and 2R2 (0.13%).

Figure 3. a, b. The tooth color measurement was made with program
“Tooth Single” in the middle vestibular third.

Table 1. The tooth shades and distribution/Skin color

Spectrophotometer Skin color
light
Total 0.5M2-4M3
2L1.5-4L2 189
2R2-4R2.5
% / 24.71%

In the lateral incisors the most frequent shade registered was
1.5M1.5in 65 subjects (8.50%). The shades that were registered
rarely were: 4M1 (0.13%), 3R2.5 (0.13%), 2.5M1.5 (0.13%), 2L1.5
(0.13%), and 2.5M2 (0.13%). In the canines the most frequent
shade registered was 2M3, in 142 subjects (18.56%). The shades
that were registered rarely were: 4M1 (0.13%), 2.5R2 (0.134%),
4M3 (0.13%), 4R1.5 (0.13%), and 3M2.5 (0.04%).

The relation between skin color and tooth shades in central
incisors, lateral incisors and canines are presented in Table 1.
From 765 analyzed teeth, in 189 teeth a light skin color was
determined, in 501 teeth there was a relation with medium
skin color, whereas 75 teeth were related to dark skin color.

There was a statistical significant difference observed in the
distribution between skin color and tooth shades. The results
for central incisors were x2=179.72 and p<0.001 (p=0.000); for
lateral incisors 179.43, df=82. p=.001, and for canines 127.42,
df=90. p=.006. There was a statistical significant difference ob-
served in the distribution between skin color and tooth shades.
The relation between eye color and tooth shades is presented
in Table 2. The results for relation between central incisors and
eye color was x?=210.71 and p<0.001 (p=0.000) which indi-
cates a significant statistical difference in distribution.

The results for relation between lateral incisors and eye col-
or were x?=137.53 and p>0.05 (p=0.18) and this shows that
in the distribution the difference was statitically insignificant.
The relation between canines and eye color was x>=142.16
and p>0.05 (p=0.18). In the shown distribution there was no
statistically significant difference observed.

Discussion
The study was designed to explore the relationship between

natural tooth shades, skin and eye color. The measurement of
tooth color remains a challenge. Therefore, a thorough under-

Skin color Skin color Total
medium dark
501 75 765
65.49% 9.80%

Pearson Chi-square: 179.72.df=82. p=.000/ Central incisors
Pearson Chi-square: 179.43. df=82. p=.001/Lateral incisors
Pearson Chi-square: 127.42. df=90. p=.006/ Canines

Table 2. The tooth shades and distribution/Eye color

Spectrophotometer Brown eyes
Total 0.5M2-4M3
2L1.5-4L2 426
2R2-4R2.5
% / 55.69%

Blue eyes Green eyes Very dark brown Total
96 210 33 765
12.55% 27.45% 4.31% 100%

Pearson Chi-square: 210.71.df=123. p=.000/ Central incisors
Pearson Chi-square: 137.53.df=123. p=.18/Lateral incisors
Pearson Chi-square: 142.16. df=135. p=.32/ Canines
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standing of appearance attributes of natural teeth is required
along with new shade guides and shade taking instruments
to maximize shade-matching results (22).

Spectrophotometers are amongst the most accurate, useful
and flexible instruments for color matching in dentistry (23, 24).
Compared with visual perceptions by the human eye, or con-
ventional techniques, it was found that spectrophotometers
offered a 33% increase in accuracy and a more objective match
in 93.3% of cases (25).Vita Easyshade is a handheld spectropho-
tometer for tooth shade matching. The instrument consists of a
handpiece and a base unit, which are connected by a monocoil
fiber optic cable assembly. This device provides accurate shade
determination for natural and bleached teeth and a variety of
restorations. Easyshade displays its output on a touch-screen
that is also used to make menu selections and enter data. It has
the capability to measure the color in the vestibular thirds in-
cluding cervical, middle and incisal area (26). From the 3D Mas-
ter shade guide, results of Easyshade measurements for the
central incisors showed that the most frequent shade was 2M1,
in lateral incisors 1.5M1.5 and in canines 2M3.

Based on the literature it can be observed that a relation
between ethnic background and tooth shade exists (27). Go-
mez-Polo et al. (28), concluded that the most frequent color
among the Spanish population is 3M1. They also represented
the most common color parameters according to the 3D Mas-
ter System in the Spanish population and concluded as fol-
low: lightness group was 2; the most frequent hue group was
M and the most frequent chroma group was 1.5. Compared
with the results of this study, it can be said that the Spanish
and the Albanian population of Kosovo are part of the M
group and this fact can be explained by the fact that the two
population samples belong to the same neutral color, with
different group of lightness and the same chrome intensity.

Veeraganta et al. (19) did not find any statistically significant
differences according to tooth shade value, gender or skin col-
or. Based on Goodkind and Schwabacher (29), women's teeth
in general were lighter, less chromatic and less reddish-colored
than men’s; aging produced darker and more reddish teeth,
whereas Dosumu and Dosumu (12), did not find any significant
association between tooth shade and skin color nor between
tooth shade and gender (p<0.05). These findings do not cor-
respond with the results of the present study. In the relation
between central incisors and eyes color p<0.001 (p=0.000)
there was a statistically significant difference. Also, between
lateral incisors and skin color there was a significant statistical
difference p<0.01 observed. However, no significant associ-
ation was found between tooth shade in lateral incisors and
canines to eye color p>0.05. Lagouvardos et al.(21), concluded
that teeth color was not related to eye color, but persons with
lighter teeth were found to be associated with lighter skins
and redder lateral incisors to lighter hair. Darker facial skins or
yellower forehead areas were also associated with darker hair
and vice versa. Based on conclusions of Hassel et al. (30), teeth
and eye color coordinates were not correlated.The other study
(22), which investigated facial characteristics concluded that
these characteristics are inter-correlated weakly to moderately,
and for this reason predicting the color parameters of one fa-
cial characteristic by another would not be accurate, but help-
ful for a rough color selection as associations show.

The Saudi Arabian, East Asian, and Indian groups had posi-
tive linear correlation with the lightness value between tooth
and skin color (31). A significant correlation was found be-
tween tooth and skin color. This study found an association
between skin color and tooth shade. Based on statistical anal-
ysis and results of this study, it was found that there was sig-
nificant correlation between light skin color and tooth shades
with low lightness; between dark skin color and tooth shades
with highest lightness and between medium skin color and
tooth shades with medium lightness. These results are similar
to the findings of Jahangiri et al. (15) who found inverse rela-
tionship between tooth shade and skin color in their study
on multiracial population. From all analyzed subjects, as more
representative skin color was medium, whereas eye color
was brown. The tooth shades in the central incisors correlat-
ed with medium skin color and brown eye color showed that
there is a significant statistical difference. The most frequent
shade in the central incisors was 2M1.The tooth shades in the
lateral incisor related with skin color with a significant statisti-
cal difference. The most frequent shade in the lateral incisors
was 1.5M1.5. On the other hand, the correlation between eye
color and lateral incisors did not show a significant statistical
difference the tooth shades in the canines, in relation with
skin color showed that there is a significant statistical dif-
ference. The most frequent shade in the lateral incisors was
2M3, whereas, the correlation between eye color and canine
showed no statistically significant difference.

Conclusion

Teeth color of prosthodontic appliances, must harmonize
with the factors such as skin and eye color. The shades ob-
tained from the intercanine sector (2M1, 1.5M1.5 and 2M3),
might be used as a guide for shade selection for prosthodon-
tic appliances. The most frequent group from Hue was M,
which indicates that during the teeth color determination we
should be focused more on neutral shades from the Vitapan
3D-Master shade guide. The skin and eye color significantly
correlate with the tooth color, except in the relation with lat-
eral incisors and canines to eye color. Therefore, this fact will
serve as a guidance to the appropriate selection of tooth col-
or for prosthodontic appliances.
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Tiirkge 6z: Dis rengi, cilt ve gbz rengi arasindaki iliski. Amag: Dis ton-
lari, dis estetigi ve yliz estetiginde en 6nemli faktérlerden biridir. Bu
calismanin amaci, deneklerdeki (st 6n dislerin dis tonlarini belirlemek
ve farkli cilt tipi ve g6z rengi ile karsilastirmalar yapmaktir. Gereg ve
yéntem: Deneklerin dis renk él¢ciimleri, intraoral spektrofotometre Vita
Easyshade® (Vita Zahnfabrik, H Rauter GmbH & Co. KG, Bad Sackingen,
Almanya) kullanilarak yapildi. Olciimler maksillerin kaninler arasinda
ve 255 hastada yapildi. Cilt ve géz rengi gérsel algi ile belirlendi. Vita
Dis Rehberi 3D Master'in (Vita Zahnfabrik, H Rauter GmbH & Co, KG,
Bad Sackingen, Almanya) tonlari spektrofotometre ile kaydedildi. Dis
rengi ile cilt ve gbz rengi arasindaki farklari incelemek icin Pearson Chi-
square testi kullanildi. Bulgular: Orta kesici dislerde en sik gértilen ton
62 olguda (%8,10) 2M1, yan kesicilerde 65 olguda (%8,50) 1.5M1.5 ve
142 olguda kanin disinde (%18,56) 2M3 idi. Pearson Chi-square tes-
ti sonuglari, santral dislerin cilt ve géz rengi ile iliskisinde istatistiksel
olarak anlamli bir farklilik oldugunu gdstermistir (p<0,01; p<0,001);
lateral kesici dislerde p<0,001, kaninlerde p<0,001 (p=0,001) olarak
bulundu. Ote yandan, lateral kesici dislerin uclar ile kanin dislerinin g6z
rengiyle iliskisinde anlamli bir fark gézlenmemistir. Sonug: Deri ve géz
rengi, lateral ve kanin dislerinin g6z rengiyle iliskisi disinda, dis rengiyle
anlamli sekilde korelasyon géstermektedir. Anahtar kelimeler: Renk tay-
ini, intraoral spektrofotometre, gz rengi, dis rengi, ten rengi
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Case report

Removal of a supernumerary tooth displaced into the

infratemporal fossa during extraction

Accidental displacement of an impacted tooth into the infratemporal fossa (ITF)
is a rare but serious complication because of the vulnerability of the surrounding
anatomical structures. Here we present the case of a 40-year-old man who reported
pain on the right side of his face. Panoramic radiography and cone-beam computed
tomography revealed an impacted third molar and a supernumerary tooth
positioned immediately below it. Under local anesthesia, the third molar was easily
extracted; however, the supernumerary tooth was inadvertently displaced into the
ITF.The position of the tooth was confirmed by radiographic examination, and it was
immediately removed intraorally by expanding the flap and carefully dissecting the
soft tissues. Clinical aspects of this rare complication were evaluated, with special
emphasis on the reliability of imaging modalities and surgical techniques.

Keywords: Infratemporal fossa, supernumerary, cone beam computed tomography,
accidental displacement, complication

Introduction

Removal of an impacted maxillary third molar or supernumerary tooth
is a routine procedure in the daily clinical practice of oral and maxillofacial
surgery. Maxillary tuberosity and root fracture, maxillary sinus perforation,
prolapse of the buccal fat pad are common complications of this procedure
(1, 2). However; displacement of an entire tooth into the anatomical spaces
such as infratemporal fossa (ITF) is a serious but rarely reported occurrence
(3).

Infratemporal fossa contains lateral and medial pterygoid muscles, the
branches of the mandibular nerve, the otic ganglion, the chorda tympani,
the maxillary artery, and the pterygoid venous plexus and it is also bound-
ed in front by the posterior surface of the maxilla, behind by the styloid pro-
cess, above by the infratemporal surface of the greater wing of the sphe-
noid, medially by the lateral pterygoid plate, and laterally by the ramus of
the mandible (4). Because of the vulnerable nature of neighboring ana-
tomical structures, patients are at risk of having a post-operative infection,
limitation of mouth opening, prolonged pain and foreign-body reaction (1,
4-6). Even ligation of the internal maxillary artery and blood transfusion
may become necessary in the case of abundant bleeding (1).

Radiographic examination is crucial to determine the exact location of
displaced tooth. Diagnostic potential of conventional techniques such
as occlusal, panoramic or occipitomental radiographers are limited even
when they are used simultaneously (7). The introduction of cone-beam
computed tomography (CBCT) in the field of oral and maxillofacial surgery
dramatically increased the quality of medical care in such conditions, as
it is now possible to obtain high-resolution images of the relevant anato-
my from multiple planar orientations. Analysis of CBCT images allows pin-
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pointing the location of the displaced tooth, in exchange for
relatively low levels of ionizing radiation when compared to
medical CT, which is also capable of providing similar diag-
nostic information (3).

The aim of this article is to report the displacement and im-
mediate removal of a supernumerary maxillary tooth into ITF
with special emphasis being on the surgical procedures and
the reliability of imaging modalities.

Figure 1. Pre-operative panoramic radiograph showing impacted third
molar and supernumerary teeth.

Figure 2. Pre-operative three dimensional reconstruction with volume
rendering algorithm.

Figure 3. Panoramic radiograph of the displaced tooth taken during
the surgery.

Case report

In May 2012, a 40-year-old male applied as a self-referred pa-
tient complaining of having persistent pain for the last three
months at the right side of his face. His medical history was
non-contributory. There was no visible swelling, tenderness
or pus discharge. Skin color and temperature were normal. In
the intraoral examination of the relevant region, oral hygiene
level was good and oral mucosa was in normal color. The pa-
tient stated that his maxillary right first molar tooth had been
extracted more than five years ago without any problem. The
second molar was found to be in good condition, but no third
molar could be observed.

Digital panoramic radiography (PANO) was selected as the
initial radiographic modality (OP200D digital, Kavo Instru-
mentarium Dental, Charlotte, NC, USA) by using the follow-
ing imaging parameters: 66-85 kVp, 10-16 mA, 14.1 exposure
time. An impacted third molar tooth in the horizontal position
was observed immediately below the level of alveolar crest,
along with an impacted supernumerary tooth which was lo-
cated more superiorly in the vertical orientation. To overcome
the effects of superimposition on the diagnostic process,
CBCT imaging was ordered as the advanced imaging modal-
ity. Newtom 5G CBCT device (QR, Verona, Italy) was used to
acquire tomographic data with 0.25 mm isotropic voxel size
setting. Images were displayed on 32 inches liquid crystal dis-
play screen with a resolution of 1280 x 1024 pixels and exam-
ined in the NNT viewer (Version 3.0, Verona, Italy) installed in a
Dell Precision T5400 workstation (Dell, Round Rock, TX, USA).
Multiplanar reconstructions from the axial and coronal planes
confirmed that the patient had an impacted third molar with
curved roots and supernumerary tooth located superiorly to
the third molar (Figure 1, 2).

Based on the findings of radiographic examination that cor-
roborate clinical complaints, simultaneous surgical extraction
of the impacted third molar and the supernumerary tooth
was planned. Maxillary third molar was extracted without
any problems under local anesthesia with 4% articaine with
epinephrine 1:200.000 (Ultracain DS, Sanofi Aventis, istanbul,
Turkey) via the intraoral approach. The crown of the supernu-
merary tooth then became immediately visible. After remov-
ing some bone, a Bein elevator was used to move the tooth in
the craniocaudal direction. Although the crown of the super-
numerary tooth has emerged out of the crestal bone; it was
not possible to keep a tight grip with the extraction forceps.
Therefore, a hemostatic clamp was used to further move the
tooth vertically. However, when the clamp was released to
replace it with the extraction forceps, the tooth immediate-
ly disappeared deeper into the soft tissues. Visual inspection
was not possible at that time because of the prolapsed buc-
cal fat pad and hemorrhage. To determine the position of the
tooth, another set of PANO (Figure 3) and CBCT imaging (Fig-
ure 4a, b) was obtained which clearly showed that the tooth
has been displaced into the ITF and positioned medially to
coronoid notch between the lateral wall of the maxillary sinus
and the zygomatic arch (Figure 5).

The patient was clearly informed about the situation and
he approved to undergo surgical exploration under local an-
esthesia. The blood clot was removed and the incision was
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Figure 4. a, b. (a) Coronal view of displaced tooth in cone beam com-
puted tomography. Note the displaced tooth between lateral superior
wall of maxilla and coronoid process of mandible. (b) Axial view of dis-
placed tooth in cone beam computed tomography.

Figure 5. Three dimensional reconstruction by using volume render-
ing algorithm based on cone beam computed tomography data taken
during the surgery. Blue arrow indicated the displaced tooth which was
located medially to the coronoid notch of the mandible.

Figure 6. Panoramic radiography taken two years after the surgical re-
moval of the displaced tooth.

extended to reveal the maxilla in the superior and posterior
directions. A metal tongue depressor was used to protect and
retract the buccal fat pad and muscles from the surgical site.
Bone was removed from the maxillary tuberosity to increase
visibility after carefully measuring the distance between the
alveolar crest and the displaced tooth in CBCT. The crown of
the supernumerary tooth was located and it was removed im-
mediately. The surgical site was checked for signs of excessive
hemorrhage, maxillary sinus perforation or any related com-
plications. As none was found, oxidized regenerated cellulose
was used as the hemostatic agent (Surgicel Nu-Knit, Johnson
and Johnson Medical, Arlington, TX, USA) was inserted into
the cavity. Primary wound closure was achieved by using a
3-0 vicryl polyglactin resorbable suture (Ethicon, Inc, Somer-
ville, NJ, USA). 1000 mg amoxicillin combined with 250 mg
clavulanate (Augmentin, GlaxoSmithKline, Brentford, UK)
per oral twice daily for five days and 25 mg dexketoprofen-
trometamol (Arveles, IEUlagay-Menarini Group, Italy) per oral
twice daily for five days were prescribed for infection control
and pain management, respectively. Healing was uneventful
at one week control and the patient claimed that his initial
symptoms have been resolved. Two years of the follow-up pe-
riod was completed with no complication (Figure 6).

Discussion

Possible complications of maxillary impacted molar surgery
include the displacement of the tooth into anatomical spaces
(6) such as maxillary sinus, infratemporal fossa, buccal, lateral
pharyngeal, and pterygomandibular spaces (7-14). The maxil-
lary sinus is the most frequent space into which the maxillary
third molars are dislocated but the displacement of a tooth
into the ITF is a rare occurrence (4).

Displacement of maxillary teeth has been associated with
lack of knowledge of the basic principles of surgical tech-
nique, lack of anatomical knowledge, inadequate flap design
and decreased visibility during surgical extraction, incorrect
extraction technique, distopalatinal angulated tooth, tooth
crown in the more superior level of the adjacent molar root
apexes, limited bone volume distal to the teeth (7, 15). Ap-
plying excessive force when using the elevator may fracture
the thin cortical layer of the buccal wall, thereby leading
to the displacement of the tooth into the anatomical spac-
es. Consistently, Orr (16) reported that the right maxillary
tooth has displaced into the infratemporal fossa because of
the inattentive use of the elevator. Although excessive force
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has not been applied in the present case, the supernumer-
ary tooth was located superiorly to the right maxillary third
molar and the root apices were angulated, which might have
led the tooth to be stuck between muscular attachments and
mucoperiosteal flap during extraction. Extracting the super-
numerary tooth by using standard forceps proved to be very
difficult in the present case, as the tip of the instrument was
too short. Therefore, the hemostatic clamp was used because
of its seemingly ergonomic design. However, although being
long enough, a firm grip could not be established by using
that clamp, probably because of its thin profile.

PANO is the standard imaging modality for the surgical ex-
traction of impacted third molars (17, 18). However, angula-
tion of the third molar and the position of the root relative to
the maxillary sinus on panoramic radiographs can be difficult
to diagnose because of the superimpositions of the anatom-
ical structures. CBCT is capable of presenting high-quality
cross-sectional images from different planes that provide
more reliable diagnostic information regarding the position
of the maxillary third molars (19). On the other hand, clini-
cians should remember that CBCT still uses higher ionizing ra-
diation doses than PANO, therefore, benefit/cost ratio should
be carefully evaluated to adhere to the As Low As Reasonably
Achievable (ALARA) principles (20, 21). In the present case,
CBCT was used for planning as well as emergency purposes,
which shows the versatility of this imaging modality.

The timing for surgery is critical in the removal of displaced
teeth, as potential risks may increase over time. The most no-
table risks of the delayed surgery include infection, limitation
of mouth opening, pain, and foreign-body reaction (1, 4-6).
Winkler et al. (22) reported a patient in whom swelling, pain,
and mouth opening impairment developed almost 7 years
after the displacement of the right maxillary third molar into
the infratemporal fossa. In addition, external root resorption
and pulp necrosis were observed in the removed teeth which
may be considered as signs of an ongoing odontogenic infec-
tion (4, 15). On the other hand, some authors (7, 8) suggested
postponing the removal procedure until the tooth is immobi-
lized by fibrous tissue formation, as any attempt made before
the formation of the fibrous capsule may dislodge the tooth
deeper towards the base of the skull. It is important to note
that, however, articles in which the authors suggest to delay
the procedure have been mostly published before the year of
2000, a time when oral and maxillofacial surgeons had lim-
ited or no access to computed tomography. Accordingly, in
the present case, immediate removal was performed based
on the accurate information obtained from CBCT.

The ITF is a relatively large anatomical space with confined
borders. Accordingly, a variety of surgical techniques has
been proposed over the years to gain access to the ITF, such
as Gillies'’s technique, Hemicoronal or coronal approaches
and modifications of Caldwell-Luc procedure (2, 15). Howev-
er, leaving the fragment in the displaced place could be an-
other option (23). Additionally, the endoscopic approach may
provide a direct view of the ITF for avoiding complications.
Battisti et al. (24) suggested the use of endoscopic devices.
Authors mentioned that, as only one hand will be free to use,
endoscopy may be perceived as uncomfortable at first, how-
ever, this can be overcome with practice.

All of the techniques mentioned above offer good surgical
visibility that eliminates the need for extensive temporal dis-
section. However, no aggressive approach was considered in
the present case as the tooth has become accessible after ex-
tending the flap and carefully retracting the mucosal tissues
and buccal fat pad. Therefore, it can be stated that the large
volume of ITF has a significant effect on the severity of the sur-
gery as the tooth can be displaced anywhere within this space.

Conclusion

Whether supernumerary or not, displacement of a tooth
into the ITF is a rare but serious complication of the surgi-
cal extraction procedures performed in the maxilla. Early
removal of the displaced tooth is essential to prevent major
life-threatening complications which may occur due to sub-
sequent odontogenic infection. The use of advanced imag-
ing modalities such as CBCT is recommended to determine
the localization of the displaced tooth in three dimensions to
prevent the aggressive exploration of the soft tissues and to
considerably shorten the time needed for surgery.

Ethics Committee Approval: Not required.
Informed Consent: Patient provided written informed consent.
Peer-review: Externally peer-reviewed.

Author Contributions: TY and AA designed the study. TY gener-
ated the data. TY, HO, and NE gathered the data. TY, HO, NE, and AA
analyzed the data. TY wrote the majority of the original draft. All au-
thors approved the final version of paper.

Conflict of Interest: No conflict of interest was declared by the au-
thors.

Financial Disclosure: No financial support was declared by the au-
thors.

Tiirkge 6z: Cekim Sirasinda Infratemporal Locaya Kagan Bir Arti Disin
Cikartilmasi. Gémdilti bir disin infratemporal locaya (ITL) kagmasi
nadir gériilen, ancak bu alani ¢evreleyen anatomik yapilarin hassa-
siyeti nedeniyle ciddi bir komplikasyondur. Bu olgu bildirisinin amaci
yliziiniin sag tarafinda agn sikdyeti nedeniyle basvuran 40 yasinda bir
erkek hastayr sunmaktir. Alinan panoramik radyografi ve konik 1sikli
bilgisayarli tomografide gémiilii bir li¢lincii biyiik azi disi ve bu disin
hemen (izerinde konumlanmus bir arti dis oldugu belirlenmistir. Hasta
lokal anestezi altinda opere edilmistir. Gémiilti l¢lincii biyiik azi disi
kolayca ¢ikarilmis, ancak arti dis ¢cekim sirasinda ITUnin icerisine dogru
yer degistirmistir. Disin konumu radyografik muayene ile tespit edildik-
ten sonra, flep genisletilerek ve yumusak dokulari dikkatle diseke edil-
erek dise ulasiimis ve dis ayni seansta agiz icinden ¢ikariimistir. Nadir
goriilen bu komplikasyonun klinik 6zellikleri gériintiileme yéntemleri-
nin glivenilirligi ve cerrahi teknikler lizerinde durularak incelenmistir.
Anahtar kelimeler: Infratemporal loca, arti dis, konik 1sinli bilgisayarl
tomografi, yer degistirme, komplikasyon
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A case of multiple dental anomalies: a variant of Ekman-

Westborg—Julin trait

Simultaneous occurrence of multiple dental anomalies is relatively common and
has been reported particularly in cases with systemic alterations or syndromes.
However, in 1974, Ekman-Westborg and Julin described a unique case of multiple
macrodontia and multituberculism of posterior teeth accompanied by multiple
dental malformations without other systemic anomalies. Here we report the
case of a 20-year-old female patient who presented with macrodontia affecting
her maxillary lateral teeth, mandibular incisors, and impacted multituberculated
wisdom teeth accompanied by other dental anomalies that manifested itself as a
variant of the Ekman-Westborg—Julin trait.

Keywords: Multituberculism, macrodontia, dental anomaly, Ekman-Westborg-Julin,
cone-beam computed tomography

Introduction

Dental anomalies have been known to be congenital, developmental or
acquired. They may be associated with defects in chromosomes or environ-
mental factors (1). The occurrence of multiple dental anomalies is relatively
common and have been reported especially in cases with other system-
ic alterations or syndromes. However, in 1974, Ekman-Westborg and Julin
(2) described a unique case of multiple macrodontia and multituberculism
of posterior teeth accompanied by multiple dental malformations with-
out other systemic anomalies. Similar cases and their variants have been
since reported in the literature (3-8). This condition is referred to as “Ekman
Westborg-Julin Syndrome”, “Ekman Westborg-Julin Trait”, or “multiple mac-
rodontic multituberculism” (3-9). The aim of this case report is to describe a
20-year-old female patient with multiple dental anomalies which appears
to manifest itself as a variant of Ekman-Westborg-Julin trait.

Case report

A 20-year-old female patient was referred to the Clinic of Oral and Dento-
maxillofacial Radiology Department in istanbul Aydin University, istanbul,
Turkey, with the chief complaint of swelling in the left posterior mandible.
A panoramic radiography was taken in order to evaluate the involved area.
Clinical and radiographical examinations led to the diagnosis of pericoroni-
tis of the mandibular left third molar.

During clinical examination, macrodontic maxillary laterals and mandibu-
lar incisors, as well as shovel-shaped maxillary incisors were observed. Also,
enamel opacity on the right and left maxillary lateral incisors, and enamel
hypoplasia on the left maxillary lateral incisor were noted. Carabelli tuber-
cles on the right and left maxillary first molars, and extra palatinal tubercles

Gizem Colakoglu’,
Magrur Kazak?,

Isil Kaya Biiyiikbayram?,
Mehmet Ali El¢in’,

Elcin Bedeloglu*

'Department of Oral and Dentomarxillofacial Radiology,
[stanbul Aydin University, Faculty of Dentistry, Istanbul, Turkey

2Department of Restorative Dentistry, Bezmialem University,
Faculty of Dentistry, Istanbul, Turkey

3Department of Endodontics, istanbul Aydin University,
Faculty of Dentistry, Istanbul, Turkey

“Department of Oral and Maxillofacial Surgery, istanbul Aydin
University, Faculty of Dentistry, istanbul, Turkey

Presented at: This case has been presented as a poster
at the 2" International Congress the Oral Diagnosis and
Maxillofacial Radiology Society, April 14™, 2017,
Eskisehir, Turkey.

Corresponding Author: Gizem Colakoglu
E-mail: gizemcolakoglu@aydin.edu.tr

Received: 12 July 2017
Revised: 18 August 2017
Accepted: 21 September 2017

DOI: 10.26650/e0r.2018.25807

How to cite: Colakoglu G, Kazak M, Kaya Biiyiikbayram |, Elcin MA, Bedeloglu E. A case of
multiple dental anomalies: a variant of Ekman-Westborg—Julin trait. Eur Oral Res 2018; 52:
55-8.

@OE0

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


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

56

Colakoglu et al.

on the right and left maxillary second molars were detected.
The right and left maxillary second premolars had been ex-
tracted during previous orthodontic treatment (Figure 1a-c).
Panoramic radiography showed macrodontic impacted third
molars, root dilacerations on the right maxillary first premolar
and left maxillary second molar (Figure 2a).

For further evaluation, informed consent was obtained
from the patient and cone beam computed tomography
(CBCT) (3D Accuitomo 170, J. Morita, Kyoto, Japan) was per-
formed with 90 kV, 5 mA and 30.8 sec using 250 pm voxel size
and 140x100 cm field of view (FOV). Axial, coronal, sagittal
and cross-sectional images with T mm slice thickness and
intervals were investigated by two oral and maxillofacial ra-
diologists (GG, MAE). C-shaped large palatinal root canal in
the right maxillary second molar, double palatinal rooted left
maxillary second molar, pulp stone on the left maxillary later-
al incisor, enameloma on the right and left maxillary second
molars, dilaceration on the right maxillary first premolar and
left maxillary second molar, macrodontic multituberculated
impacted third molars were also detected during the investi-
gation of the CBCT images (Figure 2b-f).

Her medical and family history were questioned in detail
to find out the cause of these multiple dental anomalies. The
medical history was non-contributory and the patient was
mentally and physically healthy. She did not give permission
to perform chromosomal analysis but she was the second
child of healthy parents and no genetic disorders were found
in her family history. She had been delivered by caesarean

section. Consanguinity was denied. Extra-oral examination
did not show any abnormalities. Only a generalised birth
mark in pink colour was detected extending from her first toe
of the right foot to her right leg (Figure 1d-f).

The patient was referred to a medical physician in order
to eliminate the possibility of systemic diseases. Biochemi-
cal tests, including complete blood count, thyroid hormone
(triiodothyronine, free thyroxine, thyroid stimulating hor-
mone), sex hormone (follicle stimulating hormone, luteiniz-
ing hormone, progesterone, prolactin) and growth hormone
levels, diabetes tests (fasting blood sugar, oral glucose toler-
ance test) and routine blood tests were carried out and only
folic acid and vitamin B, levels were found to be within the
border limits.

Discussion

Ekman-Westborg and Julian (2) described multiple macro-
dontia and multituberculism affecting only the teeth with no
other systemic anomalies. This condition has been referred to
as Ekman Westborg-Julin Syndrome, Ekman-Westborg-Julin
Trait and multiple macrodontic multituberculism in the lit-
erature (3-9). Because these multiple anomalies are unique
to the teeth and it's not a syndrome, we preferred the term
“Ekman-Westborg-Julin Trait” (6). So this case was considered
to be a variant of the Ekman-Westborg-Julin Trait due to the
presence of the dental morphological anomalies including
macrodontia affecting maxillary laterals, mandibular incisors

Figure 1. a-f. Intra-oral views of patient; (a) note the macrodontic teeth #12, #22, #32, #42, #31, #41, shovel-shaped teeth #11, #21, enamel opacity
on tooth #12, enamel hypoplysia on tooth #22, (b) extra palatinal tubercles on teeth #17, #27, carabelli tubercles on teeth #16, #26 and (c) extracted
macrodontic multituberculated tooth #38. Extra-oral views of patient; (d) showing no abnormalty and (e, f) Pink birth mark extending from her first
toe of the right foot to her right leg.
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and impacted wisdom teeth with multituberculism accompa-
nying other dental anomalies.

Macrodontia, as one of the characteristic findings of the Ek-
man-Westborg-Julin trait, is an uncommon developmental
anomaly in which the teeth appear larger compared to their
normal sizes. Macrodontia more commonly involves a group
of teeth or a single tooth, however rarely the entire dentition
may be involved (1). Macrodontism has been reported to affect
mostly the mandibular premolars, molars and rarely; the incisi-
ors (6). In our case, macrodontia was detected on the impacted
third molars, maxillary laterals and mandibular incisors. Macro-
dontia is classified into three subgroups such as: true general-
ized, relatively generalized, and localized macrodontia of a sin-
gle tooth. True generalized macrodontia may occur due to the
systemic disorders (insulin-resistant diabetes, pituitary gigan-

tism) or syndromes (otodental syndrome, facial hemihyperpla-
sia, 47,XXY syndrome, oculo-facio-cardio-dental syndrome and
postaxial polydactyly-dental-vertebral syndrome) (4). In order
to eliminate these disorders, biochemical and routine blood
tests were carried out in the present case and the patient was
found to be systemically healthy. The chromosomal analysis
could not be performed but detailed family history of the pa-
tient showed no genetic disorders. Although macrodontism
may occur as an enlargement of all tooth structures, it may also
be associated with other morphologic anomalies like multitu-
berculism, schizodontia, invaginations and evaginations, and
supernumerary teeth (2). Detailed radiographic examination
(panoramic radiography and cone beam computed tomogra-
phy) in this case revealed that the impacted macrodontic wis-
dom teeth showed multituberculism.

:'_"q't*i-" - L -
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Figure 2. a-g. (a) Panoramic radiography showed macrodontic impacted third molars (red stars), root dilaceration on teeth #14, #27 (red arrows).
CBCT images of the patient; 3D views of (b, c) Macrodontic multituberculated teeth #18, #28, #38, #48 (red arrows), (c) Extra palatinal tubercles on
teeth #17, #27 (red stars), Axial images showing (d) C-shaped large palatinal root canal of tooth #17, double palatinal rooted tooth #27, (e) Enam-

elomaon teeth #17, #27 (red arrows), Saggital images showing (f) Root dilaceration on tooth #14, (g) Dilaceration on cemento-enamel junction and
pulp stone on tooth #22 (red arrows).
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Malocclusion is a common finding in the reported cases
related with Ekman-Westborg-Julin Syndrome (3-5, 7-9). The
present case also had the history of orthodontic treatment
and the right and left maxillary second premolars had been
extracted according to the treatment plan.

The pathogenesis of this syndrome and the role of genetic
factors (hereditary transmission) still remain unclear. Due to the
limited number of cases reported it is not possible to elucidate
the exact cause of this condition. Ekman-Westborg, Julian (2)
predicted that the dental anomalies may be caused by a com-
mon pathogenetic factor during the early stage of tooth devel-
opment, while the initiating factors remain obscure.

In the first reports of Ekman-Westborg-Julin Trait, there
seemed to be a male predominance. Then, in 2003, Benjamin
etal. (9) presented a 12-years-old female patient. Despite the
limited number of cases, the male to female ratio is 7:5 which
denotes almost no gender difference. Only in one case there
was no information about gender (5).

In the literature, simultaneous occurrence of multiple den-
tal anomalies in a single case without systemic disorders has
also been reported apart from the cases which were thought
to be Ekman-Westborg-Julin syndrome or a variant of this
syndrome (10). The common feature of all these reports is
that they present non-syndromic patients and/or those with-
out non-systemic disorders with multiple dental anomalies.
Besides, these patients are mostly young adults, as in the
present case who is 20 years old. This may be related to the
early recognition of dental and orthodontic problems.

Three dimensional imaging may be considered as a viable
option for advanced imaging in cases with multiple dental
anomalies. In the present case, CBCT was used to determine
the exact morphology of macrodontic impacted third molar
teeth. CBCT images revealed many other dental anomalies
which were not mentioned in previous reports, such as pulp
stones, enameloma, dilaceration and double rooted maxillary
second molar accompanied with multituberculated macro-
dontic third molars. CBCT was first introduced in dentistry in
the late 1990’s and have been widely used in all fields of den-
tistry allowing the 3-dimensional and natural visualization of
anatomical and pathological structures with the advantages
of short acquisition time, low cost and especially low radiation
dose compared with the computed tomography scanning (1).

Conclusion

Presence of multiple dental anomalies as a variant Ek-
man-Westborg and Julian trait is a rare occurrence. Definitive
diagnosis and treatment procedures necessitate close co-
operation among dental and medical professionals. Patients
must be referred to medical physicians in order to exclude
systemic and/or genetic disorders. CBCT can provide addi-
tional information that may be of clinical significance.
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Tiirk¢e 6z: Multiple Dental Anomaliler: Ekman-Westborg-Julin Trait'i-
nin Varyasyonu. Multiple dental anomalinin bir arada gértilmesi olduk-
cayaygindir ve 6zellikle sistemik hastaliklar ya da sendromlar ile birlikte
rapor edilmisitr. Ancak 1974'te Ekman-Westborg ve Julin, sistemik bir
anomali olmaksizin bircok makrodontik disler ile multitiiberkiilizmli
posterior dislere ayni anda baska dental malformasyonlarin eslik etti-
gi bir olgu tanimlamislardir. Bu makalede, 20 yasindaki kadin hastada,
makrodontik maksiller lateral ve mandibular keser disler ile multitiiber-
kiilizmli gémdilii yirmi yas dislerine diger dental anomalilerin eslik ettigi,
Ekman-Westborg-Julin Trait'inin bir varyasyonu oldugu diistintilen bir
olgu sunulmustur. Anahtar kelimeler: Multitiberkiilizm, makrodonti,
dental anomali, ekman-westborg-julin, konik isinh bilgisayarli tomog-
rafi.
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