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AUTHOR GUIDELINES

General information

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

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

Who is an author ?

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

Before you begin

Disclaimer and copyright

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

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

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

ticles which are published in the print and/or 
online versions of the journal, belong exclu-
sively to their respective author(s). The pub-
lisher/editor/editorial board/reviewers can-
not be held responsible for errors, scientific 
or otherwise, in the contents or any conse-
quences arising from the use of information 
contained therein. The opinions expressed 
in the articles published in this journal are 
purely those of their respective authors and 
in no way represent the opinions of the pub-
lisher/editor/editorial board/reviewers of the 
journal.

Publication ethics and avoiding 
allegations of plagiarism

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

Ethical approvals

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

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

Clinical trials

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

DNA Sequences and Crystallographic
Structure Determinations

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

Submission forms

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

All three documents are available for down-
load at:

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

Manuscript preparation

Language

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

Style and format

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

Unit abbreviations

Abbreviations used for units, prefixes, and 
symbols should comply with the International 
System of Units (SI) (http://physics.nist.gov/
Pubs/SP330/sp330.pdf). If this is not possible, 
SI 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 cor-
ner of the page footer. Abstracts should 
not exceed 250 words for original research 
papers and should be structured to include 
Purpose, Materials and Methods, Results, 
Conclusion headings written in bold let-
ters. Abstracts of case reports and review 
articles are limited to 150 words and should 
be unstructured.

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

In-text citations

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

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

“John and James (1) demonstrated...”.

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

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

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

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

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

Original research articles

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

• Title page
• Abstract & Keywords
• Introduction
• Materials and Methods (or Subjects and 

Methods)
• Results
• Discussion
• Conclusion
• Acknowledgements (optional)

• Source of funding
• Conflict of Interest
• References

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

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

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

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

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

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

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

Bone grafts were fixed with 2 mm bioresorb-
able screws (Inion CPS system, Inion OY, Tam-
pere, Finland).

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

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

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

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

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

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

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

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

In the Discussion section, authors should 
state major findings, their meanings and 
clinical relevance, present any contrasts with 
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Table 1. Concise explanation of the table contents (SD: standard deviation, CTA: cartilage tissue 
area, NBA: new bone area ). 

Control group 
(Mean % ± SD %)

First group  
(Mean % ± SD %)

Second group 
(Mean % ± SD %)

CTA 21.41 ± 4.2 2.5 ± 2.4 11.42 ± 4.2
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Periodontal status of mandibular second molar after extraction 
of impacted mandibular third molars- a prospective clinical trial 

Purpose
Mandibular third molar (M3) extraction is the common surgical procedures carried 
out; however, one of the complications is development of periodontal disease in 
adjacent second molars (M2). Hence the purpose of this study was to evaluate the 
effect of extraction of M3 on the periodontal status of M2.

Materials and Methods
Study included 120 sites with mandibular M2 adjacent to the impacted M3. Plaque 
index(PI), gingival index(GI), probing pocket depths(PD), clinical attachment levels(CAL), 
Gingival recession(GR) and alveolar bone height(ABH) before and 9-12 months after 
surgical extraction of M3 were assessed. Patients perception was assessed using 
dichotomous rating. Four types of impactions(IMP) were included along with surgical 
cofactors like degree of impaction, flap design, bone removal, tooth sectioning.

Results
At baseline mesioangular and horizontal IMP showed greater PPD and CAL. After 
extraction of M3 there was significant decrease in PPD & CAL. 14% cases showed 
significant increase gingival recession at the distobuccal of M2. Although 10.9% of 
patients had an alveolar bony defect(ABD) distal to the M2, there was considerable 
improvement in ABH from baseline. The ABDs are mostly associated with 
mesioangular and horizontal IMP. 

Conclusion
Extraction of impacted M3 proves to be beneficial on periodontal status of M2. 
However, occasionally, mesioangular and horizontal IMP are likely to develop ABD 
distal to M2 and hence can be followed by regenerative procedures to prevent the 
formation of ABD.

Keywords: Alveolar bone defect, impacted tooth, mandibular third molar, mandibular 
second molar, tooth extraction
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Introduction

An impacted tooth, especially mandibular third molar (M3) which has 
higher impaction prevalence, requires surgical interventions more fre-
quently (1). One common indication for surgical extraction of M3, is the 
prevention and/or improvement of periodontal defects in adjacent sec-
ond molar(M2) (2). Several previous studies have shown that fully erupted 
M2 that are in close proximity to impacted M3 showed greater prevalence 
of periodontal disease due to colonization by periodontal pathogens (3-
5). Blakey et al. (6) in a longitudinal study has shown that almost 25% of 
patients with retained and asymptomatic wisdom teeth had probing 
depths of at least 5 mm on the distal of the M2 and the mesial of the M3. 
However, surgical removal of wisdom teeth has been associated with the 
risk of having persistent or developing new periodontal defects at the dis-
tal aspect of the mandibular M2 (7-9).
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Conflicting reports exist regarding the influence of M3 re-
moval on the periodontal status of the adjacent M2. Previous 
studies assumed the patients age, the type of impaction (IMP) 
and the periodontal baseline situation as the primary factors af-
fecting periodontal healing (8,9,10). However, Coleman et al. (9) 
some have shown improvement of periodontal health distal to 
the M2, while others have demonstrated loss of alveolar bone 
with reduction of alveolar bone height(ABH) (8,10). Other stud-
ies on periodontal healing have revealed that the removal of 
M3 is followed by spontaneous wound healing and attachment 
gain even without the use of any extraneous materials (11-13).

Although several studies have addressed the problem of 
effect of mandibular M3 extraction, both periodontal and 
surgical literature lacks evidence of support to make any 
straight statements. The current literature calls for further 
studies comparing the periodontal health and extraction 
of M3. The hypothesis of the current study is that extraction 
of M3 improves the periodontal condition of adjacent M2. 
Hence, this study was aimed to evaluate the periodontal 
status of mandibular M2 after the extraction of adjacent 
impacted mandibular M3. The null hypothesis tested in the 
present study is that the removal of M3 does not affect any 
of the variables regarding the periodontal status of M2.

Material and Methods

Study design and ethical approval

This was a prospective clinical trial conducted at Vishnu 
Dental College, in accordance with Helsinki Declaration 
and Good Clinical Practice guidelines after obtaining ethi-
cal clearance (IEC No: IEC/VDC/MDS15 PERIO 04). Informed 
consent was obtained before their enrollment in the study.

Sample size estimation and study population

Sample size analysis was done using G Power 3.1 software 
based on an effect size of 0.67 with an alpha level of 0.05 
and 20% dropout rate, it was estimated to be 154 sites. A 
total of 140 patients requiring unilateral (n-126) or bilateral 
impactions (n-14), were included after fulfilling the study re-
quirements. Each mandibular molar was considered as a site 
and subjects with bilateral impactions were considered as 
two sites (Figure 1) 34 patients were lost to post-operative 
follow-up due to various reasons and hence were dropped 
from the study. The remaining 120 sites were assessed. 

Inclusion criteria 

Patient related criteria was being systemically healthy indi-
viduals in the age range of 18 to 35 years, Tooth related criteria 
were the presence of unilateral or bilateral impacted mandibu-
lar M3, periodontally healthy subjects (probing depths of 3mm 
or below and with no evidence of loss of attachment, but might 
be showing some signs of gingival inflammation with no bone 
loss confirmed by radiographs), not underwent any periodon-
tal therapy/ use of medications in the previous 6 months

Exclusion criteria

Patient related criteria were having aggressive periodonti-
tis, undergoing active periodontal therapy, patients under-

going orthodontic treatment, pregnancy, poor oral hygiene 
maintenance. Tooth related criteria were missing adjacent 
M2 or if the M2 is indicated for endodontic treatment, crown 
placement or extraction during the course of the study, 
presence of inflammatory changes in M3

Screening procedure

The preliminary examination included an assessment of 
medical and dental history including periodontal examination 
i.e. Plaque index (PI), Gingival index (GI), Community periodon-
tal index (CPI), probing pocket depth (PD), Clinical attachment 
loss (CAL) and Gingival recession was carried out using UNC-15 
probe in relation toM2 adjacent to the impacted M3 in the man-
dible (14,15,16). Patients perception of pain, discomfort, swell-
ing, trismus and food lodgment were assessed as present or 
absent using dichotomous rating 4 weeks after M3 extraction.

Assessment of M3

A panoramic radiograph was taken at baseline to evaluate 
the position of the M3 (Completely or partially impacted) ac-
cording to the classifications of Pell and Gregory with respect 
to the ascending ramus (classes I, II, and III) and with respect to 
the occlusal plane (types A, B, and C) (8). The difficulty index was 
determined with the help of Pederson’s difficulty index (10).

Measurement of bone height

ABH was assessed using digital Intra Oral Periapical ra-
diograph(IOPAR). The distance between the cemento-enam-
el junction (CEJ) to the crest of alveolar bone was measured 
using commercially available radiography measurement 
software AutoCAD 2015.

Surgical procedure

All the patients received scaling and oral hygiene instruc-
tions at baseline. The surgical procedure was performed by 

Figure 1. Patient inclusion flowchart.
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an oral surgeon under local anesthesia with 2% lignocaine 
containing adrenaline (1:80,000). A triangular mucoperioste-
al flap was elevated distal to the M2 providing access to the 
M3 from the buccal aspect using Wards or Modified Wards 
incision. Ostectomy was carried out with a rotary instrument 
followed by tooth sectioning if necessary. After extraction, 
the socket was inspected, curetted, and irrigated with ster-
ile saline solution. Primary closure was achieved by placing 
simple interrupted sutures with 3-0 silk suture material.

0.2% chlorhexidine mouthwash (bid), Cap.Amoxicillin (500 mg, 
TID), Tab Diclofenac sodium (50mg, BID) were prescribedand oral 
hygiene instructions were reinforced. Suture removal was done 
1 week after surgery. After 9 to 12 months all the clinical and ra-
diographic parameters were evaluated. Patient perception was 
recorded at every follow up. Oral prophylaxis was performed one 
week before and 4 weeks after extraction of M3. No other peri-
odontal procedures were performed in any of the patients.

Radiographic assessment of alveolar bone changes

Digital IOPAR were taken with long cone paralleling tech-
nique distal to M2 (17). Modified commercial film positioner 
Rinn XCP Instrument Kit was used to ensure the stability in 
the vertical and horizontal planes. An additional device was 
fabricated in the form of a hollow cylinder using acrylic and 
adapted to the positioner and the collimator to prevent un-
wanted movements and undesirable angulations. The mea-
surements were done as described in a previous study (18). 

Statistical analysis

Statistical analysis was done using SPSS 22.0 version (Ar-
monk NY IBM, NY, USA). Student t-test for full mouth peri-
odontal parameters at M2 region. Multiple correlation 
analysis between the impaction scores with other clinical 
parameters at M2, variables of surgical technique was done 
by Karl Pearson’s correlation method.

Results

A total of 120 sites in 106 participants (49 males and 57 fe-
males) were taken for final data analysis. None of the patients 
included in the study experienced any untoward events/com-
plications intra-operatively or post-operatively. The age of the 
participants in the study ranged from 18 years to 35 years with 
the mean age being 25.43 years. 49 males with mean age of 
24.56 and 57 females with mean age of 26.32 were included. 

Full mouth periodontal variables 

At 9 to 12 months after M3 extraction all the clinical and ra-
diographic parameters were evaluated. The full mouth mean PI 
and GI scores reduced considerably from baseline to revalua-
tion period and the reduction was statistically significant (Table 
1). A statistically significant drop in the CPI scores was observed 
when compared from baseline to revaluation period (Table 1).

M2 periodontal variables

For the mandibular M2 teeth there was a significant im-
provement in mean PD (0.87±0.67) at the distal site of 

M2(P<0.001) (Table 2). The PDs were observed to decrease 
for 54 sites (45.37%) from baseline to revaluation period. The 
remaining 65 sites (54.62%) exhibited no change in the PD at 
the end of nine months to one year after surgical extraction 
of impacted M3. The overall difference was seen to be sta-
tistically significant. Similarly, the CAL improved for 53 sites 
(44.53%) and remained unchanged for the remaining 66 
sites (55.46%) post-operatively by 9-12 months which was 
statistically significant (Table 2).

17 sites (14.28%) showed increase in GR of which 15 sites 
showed 1mm increase in recession depth whereas the re-
maining 2 sites showed 2mm increase in recession depth. 
This increase was found to be statistically significant. How-
ever, no significant correlation was found between IMP and 
GR (Table 3).

Table 1: Comparison between baseline (B) and 9 months to 1-year 
evaluation (R) in full mouth variables. 
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PI Baseline 1.17±0.37
0.44±0.08 -37.61 <0.001*

Re-evaluation 0.73±0.29

GI Baseline 1.18±0.40
0.53±0.09 -44.92 <0.001*

Re-evaluation 0.65±0.31

CPI Baseline 2.66±0.90
1.43±0.43 -53.76 <0.001*

Re-evaluation 1.23±1.33

*Statistically significant if P<0.05.

Table 2: Comparison between Baseline (B) and 9 months to 1-year 
revaluation (R) in M2 of interest variables.
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PI Baseline 1.23±0.39
0.54±0.08 -43.90 <0.001*

Re-evaluation 0.69±0.31

GI Baseline 1.25±0.43
0.63±0.11 -50.40 <0.001*

Re-evaluation 0.62±0.32

PD Baseline 3.68±1.26
0.87±0.67 -23.64 <0.001*

Re-evaluation 2.81±0.59

CAL Baseline 3.71±1.30
0.80±0.59 -21.56 <0.001*

Re-evaluation 2.91±0.71

GR Baseline 0.05±0.26
0.22±0.28 440.00 <0.001*

Re-evaluation 0.27±0.54

ABH Baseline 3.85±2.08
1.60±0.50 -41.56 <0.001*

Re-evaluation 2.25±1.58

 *Statistically significant if P<0.05
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The overall alveolar bone level improved at the distal as-
pect of M2 from before extraction to 9-12 months after 
extraction and this difference was statistically significant 
(Table 2, Figure 2,3). However, there were 13 sites (10.92%) 
which presented with a vertical bone defect at the distal as-
pect of M2, of which 7 sites were observed after extraction of 
mesioangular IMP (Figure 4) and 6 sites after horizontal IMP 
(Table 4, Figure 5). 

IMP and surgical variables

The IMP was scored according to Pederson’s difficulty in-
dex(DI). Out of 120 mandibular impacted M3, the spatial 
orientation of 50% of the M3 was mesioangular, 19% was 
distoangular, 17% was horizontal and 14% was vertical. The 
DI for the surgical extraction of the impacted molars ranged 

from 4-8. Higher pre-operative PD and CAL loss was seen in 
mesioangular and horizontal IMP followed by vertical and 
distoangular IMP (Table 5,6).

Multiple correlation analysis between the surgical vari-
ables including IMP, DI, presence or absence of alveolar bone 
defects (ABD), bone removed (BR) during extraction and 
tooth sectioning (TS) done or not, revealed a statistically sig-
nificant correlation of ABD with BR (P˂0.05) and TS (P˂0.05). 
The sites which showed a residual alveolar vertical defect on 
distal aspect of M3 were associated with more bone removal 
and TS during the time of surgery. Also, the presence of ABD 
was associated only with the horizontal or mesioangular IMP 
among which only the latter showed statistically significant 
positive correlation between presence of an ABD and BR 
during surgery.

Table 3: Correlation between type of impaction (IMP) and M2 of 
Interest variables. 

Variables Correlation coefficient (r) P value

IMP and B - PI -0.158 0.147 

IMP and R - PI -0.111 0.308 

IMP and B - GI -0.169 0.119 

IMP and R - GI -0.117 0.284 

IMP and B - PD -0.329 0.002*

IMP and R - PD -0.293 0.006*

IMP and B - CAL -0.334 0.002*

IMP and R - CAL -0.301 0.005*

IMP and B - GR -0.078 0.476 

IMP and R - GR -0.134 0.220 

IMP and B - ABH -0.347 0.001*

IMP and R - ABH -0.246 0.022*

B- Baseline; R- Revaluation *Statistically significant if P<0.05; IMP – Type of 
impaction

Figure 2. Vertical IMP; a) Pre-operative radiograph; b) Post 
operative radiograph showing improved ABH at re-assessment 
period.

Figure 3. Distoangular IMP; a) Pre-operative radiograph; b) Post 
operative radiograph showing improved ABH at re-assessment 
period.

Table 4: Multiple correlation analysis between the surgical variables. 

Variables Correlation IMP DI ABD D BR TS

IMP
Pearson Correlation 1.000 0.918 0.197 0.000 -0.190 0.367

P value 0.000* 0.069 0.997 0.080 0.001*

DI
Pearson Correlation 0.918 1.000 0.184 0.049 -0.173 0.349

P value 0.000* 0.090 0.657 0.111 0.001*

ABD
Pearson Correlation 0.197 0.184 1.000 -0.155 -0.395 0.328

P value 0.069 0.090 0.154 0.000* 0.002*

D
Pearson Correlation 0.000* 0.049 -0.155 1.000 0.359 -0.149

P value 0.997 0.657 0.154 0.001* 0.172

BR
Pearson Correlation -0.190 -0.173 -0.395 0.359 1.000 -0.598

P value 0.080 0.111 0.000* 0.001* 0.000*

TS
Pearson Correlation 0.367 0.349 0.328 -0.149 -0.598 1.000

P value 0.001* 0.001* 0.002* 0.172 0.000*

*Statistically significant if P<0.05; IMP – Type of impaction; DI – Difficulty Index; ABD – Alveolar Bone Defect;D – Degree of impaction; BR – Bone removal;TS – 
Tooth sectioning
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Patient perception 

Patients perception of pain and other symptoms were as-
sessed as presence or absence with dichotomous rating. All 
the M3 sites that were included were symptomatic with the 
patient’s chief complaint mostly being pain alone (58.09%) or 
associated with swelling and trismus (2.85%), caries (10.47%) 
and food lodgment (10.47%). All patients but one reported 
that their symptoms had resolved completely post extraction. 
However, 10 patients (9.52%) out of 106 participants devel-
oped post-operative sensitivity in the region of M2 adjacent 
to the extraction site and 3 (2.85%) patients complained of 
food lodgment post operatively in the same site. 

Among the 106, 20 patients (19.04%) felt that the surgical 
procedure and sequelae was very uncomfortable and 17 pa-
tients (16.19%) of them refused to undergo the same treat-
ment again. For another 59 patients (55.23%) sequel were a 
bit uncomfortable but within tolerable limits. 

Discussion

Fully erupted M2 that are in close proximity to impacted 
M3often exhibit greater prevalence of periodontal disease 
(9,11,19). Factors influencing the post extraction periodontal 
status include the patient’s age, IMP, the patient’s periodon-
tal status at baseline and various surgical cofactors including 
flap design and technique, the amount of bone removed, 
suturing material (10,20,21). However, the current literature 
makes no clear assertion as to whether the surgical remov-
al of an impacted wisdom tooth is beneficial or a threat to 
the periodontal status (7). In the present study, nine months 
to one year was chosen as the follow-up period considering 
periodontal healing process distal to the M2 is completed 
after a minimum period of three months (22).

In this study, multiple IMPs i.e. vertical, mesioangular, hor-
izontal and distoangular were included. It was observed 
that the maximum IMP were mesioangular (50%), followed 
by distoangular, horizontal and vertical. Mesioangular and 
horizontal IMP were associated with greater preoperative 
PD and CAL, due to food lodgment and poor accessibility 
(23,24).

Extraction of impacted M3 improved both full mouth and 
M2, PI and GI scores from baseline to the revaluation period 
which are in agreement with earlier studies, where an ad-
vantage in curettage and root planing distal toM2 showed 
improved periodontal health (25,12). Removal of M3 pro-
vided better access for easy maintenance of oral hygiene 
post operatively to the distal aspect of M2 throughout the 
follow-up.  On contrary few other studies showed no change 

Figure 4. Horizontal IMP; a) Pre-operative radiograph; b) Post 
operative radiograph showing angular defect distal to M2 at 
re-assessment period.

Figure 5. Mesioangular IMP; a) Pre-operative radiograph; b) Post 
operative radiograph showing angular defect distal to M2 at re-
assessment period.

Table 5: Multiple correlation analysis between the surgical variables 
in horizontal impaction. 

Horizontal impaction

DI ABD D BR TS

DI
Pearson 
Correlation

1.000 -0.080 0.384 -0.283 0.423

P Value 0.777 0.157 0.307 0.116

ABD
Pearson 
Correlation

-0.080 1.000 -0.185 -0.307 0.320

P Value 0.777 0.510 0.265 0.245

D
Pearson 
Correlation

0.384 -0.185 1.000 0.482 -0.059

P Value 0.157 0.510 0.069 0.834

BR
Pearson 
Correlation

-0.283 -0.307 0.482 1.000 -0.652

P Value 0.307 0.265 0.069 0.008*

TS
Pearson 
Correlation

0.423 0.320 -0.059 -0.652 1.000

P Value 0.116 0.245 0.834 0.008*

 *Statistically significant if P<0.05.

Table 6: Multiple correlation analysis between the surgical variables 
in mesioangular impaction. 

Mesioangular impaction

DI ABD D BR TS

DI
Pearson 
Correlation

1.000 -0.005 0.074 0.164 0.044

P Value 0.975 0.638 0.294 0.779

ABD
Pearson 
Correlation

-0.005 1.000 -0.068 -0.346 0.209

P Value 0.975 0.665 0.023* 0.178

D
Pearson 
Correlation

0.074 -0.068 1.000 0.241 -0.200

P Value 0.638 0.665 0.120 0.197

BR
Pearson 
Correlation

0.164 -0.346 0.241 1.000 -0.617

P Value 0.294 0.023* 0.120 0.000*

TS
Pearson 
Correlation

0.044 0.209 -0.200 -0.617 1.000

P Value 0.779 0.178 0.197 0.000*

 *Statistically significant if P<0.05.
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in PI and GI, due to failure to supervise or enhance plaque 
control following extraction of M3 (10, 13).

The current study demonstrated periodontal healing post 
extraction with reduction in PD and gain in CAL distal to 
M2. A previous study, showed greater reduction in PD over 
a post-operative period of one year (1.9 mm) which may 
be due greater baseline PD (22,26). If the preoperative PD 
was <4 mm, no therapeutic changes occurred and no fur-
ther periodontal treatment was required as observed in 
previous randomized controlled trials (9,13,27,28). However, 
these were retrospective studies whereas the present study 
is a prospective trial. In the above mentioned retrospective 
studies contra lateral tooth was used as the control group 
which might not represent the true changes of PD and CAL, 
whereas the pre and postoperative measurements recorded 
at the same site as in the present study would give more re-
liable results. 

Though there was a significant improvement in the CAL, 
around 14% of patients experienced GR post M3 extraction 
which could be due to ward’s incision which involves a sul-
cular incision that does not leave intact gingival collar. No 
attempt was made to use any different flap technique to 
preserve the marginal gingiva on the buccal and distal as-
pect of M2 as they are not related to the flap technique (29).

ABH improved significantly distal toM2 as a result of bi-
ological tooth socket healing which is in accordance with 
other studies where a clinically significant bone healing was 
observed (30,31). On the contrary, some studies showed sig-
nificant alveolar bone loss distal toM2 which was in close 
proximity to the extracted impacted M3 (28). Even though 
the follow up period of these studies was much longer (36-
58 months) the fact that the same site was examined pre 
and postoperatively, instead of using contralateral teeth 
makes the present study more reliable. 

In the present study, out of 120 sites 13 sites exhibited ABD 
post-extraction distal to M2 and were found to be associat-
ed with mesioangular and horizontal IMP as more amount of 
bone is removed during the extraction. The surgical removal 
of a fully impacted tooth usually leaves a unilateral ABD due 
to the removal of partial buccal wall post extraction (4,32).

Studies showing greater bone loss post extraction includ-
ed a sample of wider age range (20-60) than in the pres-
ent study (18-32 years old) which also may be responsible 
for different outcomes of the study as young patients take 
benefit from early surgical M3 extraction, whereas in older 
patients’ teeth are often more angulated requiring more in-
vasive surgery increasing the risk for bone defects (12,32). 

Preoperative deep pockets and older age could be indepen-
dent risk factors for and residual pocket formation after M3 
extraction (33).

In this study no endeavors to regenerate the alveolar 
bone distal to M2 were made. However, the patients were 
reinforced on oral hygiene habits and maintenance once a 
month during regular follow up visits. The present investiga-
tion demonstrated significant bone gain in majority of sites 
with minimal exception (11% sites). Moreover, many studies 
comparing regenerative procedures with spontaneous heal-
ing of sockets after extraction of M3 in young adults have 
reported clinically (≤2 mm) and statistically insignificant 
differences (33,27). However, a small benefit can be  derived 
from the use of such regenerative interventions where the 

bone defect is associated with deeper mesioangular or hor-
izontal IMP. Therefore, use of regenerative procedures such 
as GTR, PRP etc. should be limited to deep bone defects with 
severe loss of CAL of the M2, mainly in mesioangular and 
horizontal IMP.

Although patients had experienced discomfort during 
the first 5-7days after M3 extraction chemical plaque con-
trol using 0.12% Chlorhexidine Gluconate enabled efficient 
oral hygiene maintenance. No severe post-operative com-
plications were reported and majority (around 88%) could 
perceive the benefit from the extraction of the M3. Howev-
er, 16% of patients felt that the procedure was traumatic, 
12% complained of sensitivity and food impaction at the 
extraction site due to the occurrence of gingival recession 
and bone defects. Careful surgical extraction with minimal 
trauma is essential for periodontal healing of the tissues and 
better patient perception.

No attempt for regeneration of bone defects was made 
therefore; further long term studies and randomized con-
trolled trials using regenerative materials and different flap 
designs to prevent the development of alveolar bone de-
fects and damage to the marginal soft tissue around the M2.

Conclusion

Extraction of impacted M3 proved to be beneficial to the 
periodontal status of the adjacent M2.Largely, the alveolar 
bone height improved, however sites with deeper mesioan-
gular and horizontal impactions are at greater risk of devel-
oping alveolar bone defect postoperatively.

Türkçe özet: Gömülü mandibular üçüncü molarların çekilmesinden 
sonra mandibular ikinci moların periodontal durumu- prospektif bir 
klinik çalışma Amaç: Mandibular üçüncü molar (M3) çekimi yaygın 
olarak gerçekleştirilen cerrahi işlemlerdir; ancak komplikasyonlardan 
biri komşu ikinci azı dişlerinde (M2) periodontal hastalık gelişmesidir. 
Dolayısıyla bu çalışmanın amacı, M3 ekstraksiyonunun M2’nin peri-
odontal durumu üzerindeki etkisini değerlendirmektir. Gereç ve yöntem: 
Çalışma, gömülü M3’e bitişik mandibular M2’ye sahip 120 alanı içeriy-
ordu. M3’ün cerrahi olarak çıkarılmasından önce ve 9-12 ay sonra plak 
indeksi (PI), dişeti indeksi (GI), sondalama cep derinlikleri (PD), klinik 
ataşman seviyeleri (CAL), dişeti çekilmesi (GR) ve alveolar kemik yük-
sekliği (ABH) belirlendi. değerlendirildi. Hasta algısı, ikili derecelendirme 
kullanılarak değerlendirildi. Gömüklük derecesi, flep tasarımı, kemik 
kaldırılması, diş kesiti gibi değişkenlerle birlikte dört tip gömük diş 
(IMP) çalışmaya dahil edildi. Bulgular: Başlangıçta mezioangular ve 
yatay IMP daha yüksek PPD ve CAL gösterdi. M3’ün ekstraksiyonundan 
sonra PPD ve CAL’de önemli bir düşüş oldu. Vakaların %14’ü M2’nin 
distobukkalinde dişeti çekilmesinde önemli artış gösterdi. Hastaların 
%10,9’unda M2’nin distalinde alveolar kemik defekti (ABD) olmasına 
rağmen, ABH’de başlangıca göre önemli bir iyileşme belirlendi. ABD’ler 
çoğunlukla mezioangular ve yatay IMP ile ilişkili bulundu. Sonuç: Et-
kilenen M3’ün çıkarılmasının M2’nin periodontal durumu üzerinde 
faydalı olduğu kanıtlanmıştır. Bununla birlikte, bazen, mezioangular 
ve yatay IMP’nin M2’nin distalinde ABD geliştirmesi muhtemeldir ve 
bu nedenle ABD oluşumunu önlemek için rejeneratif prosedürler takip 
edilebilir. Anahtar kelimeler: alveolar kemik defekti, gömülü diş, man-
dibular üçüncü molar, mandibular ikinci molar, diş çekimi
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The effects of resin infiltration on demineralized root surface: 
An experimental study 

Purpose
The objective of this experimental invitro study was to investigate the effects of 
resin infiltration (RI) on surface roughness, microhardness, color and surface 
characteristics of artificially demineralized root surfaces.

Materials and Methods
Forty-two root specimens prepared from freshly extracted intact human upper incisors 
were subjected to surface roughness, microhardness, and color tests. Profilometer 
was used to measure surface roughness and Vicker’s Hardness tester was used to 
measure the changes in microhardness. The color measurements were performed by a 
spectrophotometer using the CIELAB parameters. Following measurements, specimens 
were divided into 3 groups (n=14): G1: intact root surfaces, G2: demineralized root 
surfaces and G3: Resin infiltrated root surfaces (Icon, DMG) following demineralization. 
Surface roughness, microhardness and color measurements were repeated in G2 and 
G3 after demineralization and RI. One specimen from each group was examined by 
SEM. Data were analyzed statistically (p<0.05).

Results
Application of RI to artificially demineralized root surfaces significantly decreased 
the surface roughness (p<0.001) and increased the microhardness (p=0.023). RI also 
affected the color of demineralized root surfaces.  SEM examinations revealed that 
the porosities on demineralized root surfaces seemed to be sealed after RI. 

Conclusion
RI affected the surface roughness, microhardness, color and surface appearance of 
artificially demineralized root surfaces.

Keywords: Resin infiltration, root surface caries, microhardness of root surface, roughness 
of root surface, color of root surface
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Introduction

Root caries is a global public health issue, causing the breakdown of 
remaining natural and restored teeth, especially in elderly patients (1, 2). 
Gingival recession because of periodontal disease, xerostomia as well as 
traumatic tooth-brushing habits increase the susceptibility of root caries 
as the thin cementum can be easily removed. In addition, due to reduced 
salivary flow in elderly patients, biofilm and plaque accumulation increase 
easily and also act as risk factors for root caries formation (3). Moreover, 
due to the lower mineral content of cementum, demineralization rapidly 
occurs on even at higher pH values compared to enamel and dentin (4).

In the management of root caries lesions, the main treatment principle 
is firstly to prevent the caries formation by reducing the caries risk factors 
and diagnose the caries lesions in the early phase when formed, thereby, 
reducing the need for more invasive treatments. In this regard, several ap-
proaches have been beneficial such as preventive measures, mainly reha-
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bilitation of oral hygiene, as well as the topical application of 
remineralizative antimicrobial agents and resin sealers (5, 6). 
However, in case restorative treatment is required, the least 
invasive methods should be chosen (7).

Low-viscosity resin infiltration (RI) into the porosities of 
initial caries lesion is a relatively new treatment modality for 
the early enamel caries lesions (8, 9). In this technique, resin 
monomers can penetrate into the initial lesions up to 34–58 
µm in depth, after hypermineralized enamel is removed 
with 15% hydrochloric acid for 2 min.  The unique caries-in-
hibiting effect of RI is based on the occlusion of the spaces 
within the body of the lesion. RI only requires one visit and 
mechanically stabilize the fragile lesion structure (10-13).

It has been shown that the coating of root surfaces with a 
resin-based material, which has the capacity of release and 
recharge the fluoride ions was effective in the protection of 
the root surfaces against demineralization (6).

Various experimental and in vivo studies have reported 
that RI inhibits the progression of early carious lesions of 
enamel  and increasingly recommended it for clinical use 
(11-14). However, the effect of RI on initial root surface le-
sions has not been investigated. Therefore, the purpose of 
this in vitro experimental study was to examine the effects of 
RI on artificially demineralized root surface lesions in terms 
of surface roughness, microhardness, and color. The null hy-
potheses were that; RI application would not change neither 
of the surface roughness, microhardness nor the color of ar-
tificially demineralized root surfaces 

Material and Methods

Ethical statement 

The study protocol was approved by the non-interven-
tional clinical researches ethics boards of the university.

Sample size determination

The power of the sample size was calculated by a flexible 
statistical power analysis program for the social, behavior-
al, and biomedical sciences (G*Power, version 3.1, Hein-
rich-Heine-Universität Düsseldorf, Düsseldorf, Germany) 
with a 95% confidence interval, and 80% power, and 0.50 
effect size values for n=42 (14 in each group) according to 
one-way ANOVA-type power analysis (15, 16).

Specimen preparation

Forty-two intact human permanent maxillary incisors ex-
tracted due to the periodontal reasons in the last 6 months 
were used in the study. Teeth having roots without any other 
defects were included after cleaning from soft tissues using 
slurry of pumice and stored in 0.1% thymol solution to avoid 
bacterial growth. Root surfaces of the teeth were examined 
by a stereomicroscope (American Optical, Buffalo, NY, USA) at 
×40 magnification and then the roots were cut 1 mm below 
from the cemento-enamel junction using a diamond saw at 
low speed (Isomet 2000, Buehler Ltd., Lake Bluff, IL, USA) un-
der water coolant and embedded in acrylic resin (Vertex, Ver-
tex-Dental B.V, Soesterberg, Netherlands) facing the buccal 
surfaces upward. The root specimens were ground flattened 

using 2400-, and 4000- grid silicon carbide papers to obtain 
standardized and well-polished surfaces. The root surfaces 
were re-examined under the stereomicroscope to ensure ce-
mentum was not removed. After the specimens were ultra-
sonically cleaned in distilled water for 2 min, they were partly 
coated with a nail varnish resistant to acidic challenge, leaving 
a window of 4 × 4 mm on the cementum.

The polished root specimens (n=42) were subjected to 
surface roughness, microhardness and color tests. Surface 
roughness was measured by a contact type profilometer 
(Perthometer M2, Mahr, Gottingen, Germany), microhard-
ness was measured by Vicker’s hardness tester (Microhard-
ness Tester, Shimadzu, Kyoto, Japan), and color readings 
were obtained by a spectrophotometer (VITA Easyshade, 
Advance, Zahnfabrik, Bad Säckingen, Germany). 

Surface Roughness (Ra, mm) measurement 

Surface roughness was detected via a contact- type pro-
filometer with a stylus. After placing the specimens on a 
flat surface, the needle of the device was put on the root 
specimen surface, and recordings were done. Five Ra mea-
surements were taken from each specimen within the mea-
suring length and an arithmetic mean value was calculated. 
After each 5 specimens, the device was calibrated to ensure 
reliable readings.

Surface microhardness (VHN) measurement

Microhardness of each specimen was measured with a mi-
crohardness tester using a 980 g load with a 20 s dwell time. 
VHN was calculated by making five indentations on the cen-
ter of each specimen and 0.5 mm apart from each other. The 
arithmetic mean value was calculated from each specimen 
for the statistical analysis. After  measurement of each speci-
men, the device was calibrated. 

Color measurement

Color of each specimen was measured by a dental spec-
trophotometer against a white background. Shade of each 
specimen was detected based on L*, a*, and b* values, in 
which L* is the value of 0 (black) to 100 (white), a* is the 
amount of red and green, and b* is the amount of yellow 
and blue.  Color  change  was calculated via  the following 
formula (17): 

∆E=[(∆L*)2+(∆a*)2+(∆b*)2]1/2 

Calibration of the device was performed after 5 readings 
by the ceramic reflectance standard calibration block of the 
device. 

Study groups

After surface roughness, microhardness and color mea-
surements, the specimens were randomly allocated into 3 
groups: G1 (n=14) (Negative control): Intact root surfaces 
were stored in artificial saliva throughout the study which 
was replaced with fresh artificial saliva every day. Artificial 
saliva was prepared according to the formula described by 
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of Gohring et al.(18). The pH was arranged 7.4 - 7.8 through-
out the experimental period to avoid dehydration. G2 (n = 
14) (Positive control with demineralised root surfaces): De-
mineralization of root surfaces were generated according 
to the protocol of Ten Cate and Duijsters (19, 20). The en-
tire specimen bodies were immersed in a buffer solution 
in disposable container containing demineralizing solution 
for 72 hr at room temperature (23+1 °C). The pH was mon-
itored daily. After 72 hours, the specimens were cleaned 
in distilled water approximately for 1 min and dried with 
mild-air for 5 min. The demineralized root surfaces were 
evaluated under the stereomicroscope.  G3 (n = 14): In this 
group, RI (Icon Resin Infiltration; DMG, Hamburg, Germa-
ny) was applied to the root surfaces following demineral-
ization using the same protocol in G2. The manufacturer’s 
instructions were strictly followed to perform RI. First, the 
dried root surface was etched with Icon-etch (hydrochloric 
acid) for 120s, and then rinsed for 30 s.  After, Icon-dry was 
used for 30 s for dehydration, Icon-Resin infiltrant was gen-
tly applied on the specimen with an applicator tip and left 
undisturbed for 3 min. Then a gentle air was blown, and 
light-irradiated for 40 s by LED curing unite (Translux Pow-
er Blue, a wavelength of 460–470 nm and a light output 
of 600–1,550 mW/cm², Kulzer GmbH, Hanau, Germany). 
Icon-Resin infiltrant was applied again for an extra 1 min 
and light-irradiated for 40 s. Finally, 4000- grit, aluminum 
oxide impregnated abrasive paper was used for polishing 
of the specimen surface. 

The surface roughness, microhardness and color measure-
ments were repeated for G2 and G3 specimens.

Scanning electronic microscopy (SEM) analysis

One representative specimen from each group was 
mounted on aluminum stubs, sputter-coated and submitted 
to SEM analysis (JSM-6400, JEOL, Tokyo, Japan). Images were 
obtained at ×50, ×100, and ×200 magnifications.

Statistical analysis

Normality was evaluated by Shapiro Wilk test. Test of homo-
geneity of variances was performed by Levene’s test. Intragroup 
comparisons were performed by one-way ANOVA, followed by 
Tukey HSD multiple comparisons test. When the assumption 
of homogeneity of the variance was not met, Welch test as an 
alternative to one-way ANOVA and Games-Howell test as an al-
ternative to Tukey’s HSD test was conducted. One-way repeat-
ed-measures ANOVA was used to compare the color changes 
of the groups followed by Sidak’s multiple comparison test.  
P<0.05 was considered as significant.

Results

Table 1 presents mean, median, SD and min-max Ra of the 
groups. Shapiro Wilk test revealed that the data was normal-
ly distributed and Levene’s test indicated non-homogeneity 
of variances p<0.05). Significant differences were revealed 
among the groups (p<0.001) by Welch test. The highest Ra 
was observed in G2, which the specimens were deminer-
alized, while the lowest Ra was observed in G1. Welch test 
showed that, application of RI significantly decreased the Ra 

of demineralized root surfaces (p<0.001) but did not reach 
to the Ra of intact root surfaces (Table 1). 

Table 2 presents mean, median, SD and min-max VHN 
of the groups. Shapiro-Wilk test showed that the data was 
normally distributed and Levene’s test concluded the ho-
mogeneity of variances. One-way ANOVA test showed that 
there were also significant differences among the groups 
(p<0.001).  Highest VHN was observed in G1, while the low-
est was observed in G2. RI increased the VHN values but did 
not reach to the VHN of intact root surface (Table 2). 

Shapiro Wilk test showed the data was normally distrib-
uted and Mauchly’s Test of Sphericity  indicated that the 
assumption of sphericity was met (p>0.05). The highest ΔE 
was calculated after demineralization of intact root surfaces.  
According to the one-way repeated measures ANOVA, there 
were statistically significant differences among the ΔE of the 
three groups (p=0.029). 

The SEM images of intact, demineralized and RI applied 
root surfaces are demonstrated in Figure 1, Figure 2 and Fig-
ure 3.  Photomicrographs of representative groups were tak-
en at x50, x100 and x200 magnifications. Figure 1a,1b and 
1c illustrate the intact root surfaces. Micrographs seemed 
to have smooth root surfaces. No morphological chang-
es were detected at different magnifications. Only some 
scratches were seen on the surfaces. Figure 2a, 2b and 2c 
illustrate demineralized root surfaces at x50, x100 and x200 
magnifications. Demineralized root surfaces with irregular 
appearances were detected. Figure 3a, 3b and 3c illustrate 
RI applied root surfaces. At different magnifications, it was 
seen that RI application to the demineralized root surfaces 
seemed to seal the root surface porosities resulting the sur-
faces appeared smoother. Table 3 presents color change (ΔE) 
of the groups. 

Table 1: Mean, SD, median, and min-max of surface roughness (Ra, 
µm) of the groups.

Mean (SD) Median Min - Max p*

Intact root 
surface

0.192 (0.049) a 0.182 [0.141 – 0.324]

<0.001
Demineralized 
root surface

0.67 (0.056) b 0.674 [0.569 – 0.773]

Resin infiltrated 
root surface

0.322 (0.085) c 0.320 [0.201 – 0.447]

* Welch test (p<0.05).  Different letters denote statistically significant 
differences

Table 2: Mean, SD, median, and min-max of surface microhardness 
(VHN) of the groups.

Mean (SD) Median Min - Max p*

Intact root 
surface 

65.22 (5.25) a 65.80 [56.70 – 73.80]

<0.001
Demineralized 
root surface 

37.87 (4.14) b 37.74 [28.39 – 43.64]

Resin infiltrated 
root surface 

54.91 (3.72) c 55.15 [49.30 –59.64]

* One-way ANOVA test (p<0.05). Different letters denote statistically 
significant differences 



120 Koc Vural U, et al.

Discussion

Considering the prolonged lifetime in today’s conditions, 
as the proportion of dentate elderly population is getting 
higher, the prevalence of root caries has been also increased. 
So, preventive and arrestive applications on root caries is 
crucial, especially to sustain the functional occlusion for bet-
ter quality of life of elderly. 

To inhibit lesion progression initiated on root surface, 
coating of the lesion surface with an adhesive material was 
recommended in several studies (21-23). Although promis-
ing results showing reduced severity of root surface lesions 
after coating, coating with adhesives was unable to fully re-

sist the demineralization induced by acid attack (6). One rea-
son for this phenomenon may be that the coating thickness 
of the adhesives was too thin to act as a substantive physical 
barrier against demineralization (22).

Recently, a resinous coating material with pre-reacted 
glass-ionomer fillers was investigated for the prevention of 
root caries. Ma et al. (6) examined the ability of  this  coating 
for  protecting  the root surface from further demineraliza-
tion and reported that this pre-reacted glass-ionomer coat-
ing resin could be an effective material for protecting root 
surface  from both chemical and biological challenges. 

Resin infiltration (RI) was developed for the management 
of smooth surface and proximal non-cavitated caries lesions 

Figure 1. SEM images of intact root surfaces. 
×50 (1a), ×100 (1b), ×200 (1c) magnifications

Figure 2. SEM images of demineralized root surfaces. 
×50 (1a), ×100 (1b), ×200 (1c) magnifications

Figure 3. SEM images of resin infiltrated root surfaces. 
×50 (1a), ×100 (1b), ×200 (1c) magnifications

Table 3:  ΔL, Δa , Δb, and calculated ΔE of the groups.

Pairs ΔL Mean (SD) Δa Mean (SD) Δb Mean (SD) ΔE Mean (SD) p*

Intact root surface -  
Demineralized root surface

9.46 (7.64) -1.79 (1.40) -8.33 (5.55) 14.11 (7.01) a

0.029
Demineralized root surface -  
Resin infiltrated root surface

7.91 (7.82) 0.47 (1.31) -3.96 (7.38) 12.61 (5.56) b

Intact root surface -  
Resin infiltrated root surface

-1.55 (7.86) 1.48 (1.35) 4.37 (6.08) 9.58 (5.25) c

*One-way repeated measures ANOVA test (p<0.05). Different letters denote statistically significant differences
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in which the porosities of enamel lesion are infiltrated with 
a low viscosity resin, creating a diffusion barrier within the 
lesion without establishing any material on the enamel sur-
face delaying the time for restoration placement (13, 14, 24, 
25).  However, to the extent of the authors’ knowledge, up to 
date only one study focused on the use of this technique on 
initial root surface lesions (26). In this study, Zhou et al. (26) 
evaluated the penetration of RI on root caries induced by 
Streptococcus mutans biofilms by fluorescent microscope, 
swept-source optical coherence tomography and confo-
cal laser scanning microscope. They reported that RI  had a 
good penetration ability and preventive effect on root car-
ies.  However, an additional risk factor of cervical enamel loss 
was identified. 

In the present experimental in vitro study, the effect of RI 
on the surface roughness, microhardness and color of arti-
ficially demineralized root surfaces were investigated. As 
there have been no other studies conducted on this topic, 
the results of the present study were discussed with the ef-
fects of RI on early enamel demineralization. 

Physicochemical properties of a material and tooth surfaces 
including surface roughness carries great importance since 
rough surfaces accommodate retention areas for both in vitro 
and in situ biofilm formation and so caries development (8).  

It has been previously stated that the surface of RI applied 
enamel lesions may remain irregular even after finishing and 
polishing procedures (27). Inadequate RI to demineralized 
surfaces, the polymerization shrinkage and / or the interfer-
ence of ethanol in the polymerization can play an important 
role (28, 29). Another factor may be the hydrochloric acid used 
for etching protocol. It was reported that, etching with 15% 
hydrochloric acid produced grooves and cracks in enamel 
(30). Considering the higher organic content and vulnera-
ble structure of root surface to the acidic challenges, it was 
thought that hydrochloric acid, as a strong acidic agent, in-
creased the surface roughness of root surfaces in the present 
study compared to intact root surfaces. However, application 
of RI to demineralized root surfaces resulted in significantly 
lower surface roughness values. This may probably be due 
to the resin, infiltrated into the demineralized root surfaces. 
Therefore, the first null hypothesis was rejected. Under clinical 
conditions, the surface roughness may show variations after 
etching compared to the obtained in vitro results consider-
ing the dynamic nature of the oral cavity. Thus, this aspect re-
quires further research before making any clinical recommen-
dations on root surface etching procedures.

The microhardness of resin infiltrated surfaces has been 
reported to be affected by the demineralization level of the 
surface, RI depth and the chemical composition of infiltrat-
ing resin agent (31, 32). The used resin monomers, such as 
TEGDMA-based resins, could increase the elasticity of the 
surface (33). For this reason, the results should be cautiously 
interpreted since, after indentation, elastic deformation may 
interfere the results, as previously shown in the comparison 
of micro- and nano- indentation procedures (34). In the pres-
ent study, RI treated root surface lesions showed significant-
ly higher microhardness values than the deminerized root 
surfaces. So, the second null hypothesis, regarding RI appli-
cation would not change the microhardness of root surface 
lesions was rejected. This shows the penetration ability of 
the low-viscosity resin with high penetration coefficient for 

filling the pores within the remained crystal structures of the 
lesion and rehardening facility of the demineralized tissue. 
This result was also conformed with the SEM images in the 
current study.  The images showed that, porosities on de-
mineralized root surfaces seemed to be mostly sealed. 

RI technique has been shown to mask white spot lesions 
of enamel (14, 35, 36). In this experimental study, the appli-
cation of RI to the root surfaces resulted in a significant col-
or change. Therefore, it has also a positive effect in masking 
the demineralization of root surfaces. This may be due to the 
fact that micro porosities of resin infiltrated demineralized 
root surfaces were filled with resin infiltrant instead of water 
and/or air. So, the third null hypothesis was also rejected.

The results of this study differ from the in vitro studies that 
have been performed already on enamel. It is important that 
the pretreatment with 15% hydrochloric acid has the poten-
tial of damaging susceptible cervical parts of the vital teeth 
structures. So, it should not be ignored.  However, when this 
strong acid contacts soft tissues it has been shown to be 
harmless (37). 

According to results of the current study, resin infiltration 
can be considered as an effective application option for the 
restoration of artificially demineralized root surfaces owing 
to its penetration ability, provision of better surface charac-
teristics including microhardness and surface roughness, 
and recovering of color. Thus, Resin Infiltration is an effective 
microinvasive technique that seem better suited to treat ar-
tificially demineralized root surfaces.

Conclusion

Within the limitations of this experimental in-vitro study, it 
can be concluded that resin infiltration of the artificially de-
mineralized root surfaces decreased the surface roughness 
and increased the micro hardness, additionally affected the 
color stability.

Türkçe öz: Rezin infiltrasyonunun demineralize kök yüzeyi üzerine 
etkileri: Deneysel bir çalışma Amaç: Bu deneysel invitro çalışmanın 
amacı, rezin infiltrasyonunun (RI) yapay olarak demineralize edilm-
iş kök yüzeylerinin yüzey pürüzlülüğü, mikrosertliği, rengi ve yüzey 
özellikleri üzerindeki etkilerini araştırmaktır. Gereç ve yöntem: Yeni 
çekilmiş sağlam insan üst keser dişlerinden hazırlanan kırk iki kök 
örneği, yüzey pürüzlülüğü, mikrosertlik ve renk testlerine tabi tutul-
du. Yüzey pürüzlülüğünü ölçmek için profilometre ve mikrosertlikteki 
değişiklikleri ölçmek için Vicker’s Hardness test cihazı kullanıldı. Renk 
ölçümleri, CIELAB parametreleri kullanılarak bir spektrofotometre ile 
gerçekleştirildi. Ölçümlerin ardından örnekler 3 gruba ayrıldı (n=14): 
G1: sağlam kök yüzeyleri, G2: demineralize kök yüzeyleri ve G3: Rezin in-
filtre edilmiş kök yüzeyleri (Icon, DMG). Demineralizasyon ve RI sonrası 
G2 ve G3 örneklerinin yüzey pürüzlülüğü, mikrosertlik ve renk ölçümleri 
tekrarlandı. Her gruptan birer örneğin yüzeyleri SEM ile incelendi. Veril-
er istatistiksel olarak analiz edildi (p<0.05). Bulgular: Yapay olarak de-
mineralize edilmiş kök yüzeylerine RI uygulaması, yüzey pürüzlülüğünü 
önemli ölçüde azalttı (p<0,001) ve mikrosertliği artırdı (p=0,023). RI, 
demineralize kök yüzeylerinin rengini de etkiledi. SEM incelemelerinde, 
demineralize kök yüzeylerindeki pörözitelerin RI’den sonra örtülendiği 
görüldü. Sonuç: RI, yapay olarak demineralize edilmiş kök yüzeylerinin 
yüzey pürüzlülüğünü, mikrosertliğini, rengini ve yüzey görünümünü 
etkiledi. Anahtar kelimeler: Rezin infiltrasyon; kök yüzeyi çürükleri; kök 
yüzeyinin mikrosertliği; kök yüzeyinin pürüzlülüğü; kök yüzeyinin rengi.
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Length of hospital stay and complications of mini-facelift 
versus modified Blair incision for parotid abscess drainage

Purpose
To compare the length of hospital stay (LHS) and complications between mini-
facelift (MFL) and modified Blair incisions (MBI) for adult patients undergoing 
parotid abscess drainage (PAD).

Materials and Methods
A retrospective cohort study design was utilized comprising 2 groups of healthy adult 
patients (American Society of Anesthesiology [ASA] status I-II) who underwent PAD 
during a 7-year interval. The primary predictor variable was incision type (MFL vs. MBI). 
The primary outcomes were LHS and adverse complications resulting from the incision 
type. Other study variables were grouped into demographic, clinical, microbiological, 
and therapeutic categories. Difference in the cohort characteristics were analyzed 
using appropriate descriptive and uni- and bivariate statistics. Multivariate logistic 
regression was used to measure the effect of the incision type had on the LHS and 
adverse complication rates.

Results
The sample included 120 subjects (50% females) with a mean age of 41.7±18.3 
years. Patients in the MFL group were hospitalized for 8.2±7.7 days, and the other 
group stayed in the hospital for 10.2±8 days (adjusted odd ratio [OR] 1.19, 95% 
confidence interval [95% CI] 0.52 to 2.7; p=0.8). In comparison with MBI, MFL did 
not significantly increase complication risks in term of facial paralysis (adjusted OR 
0.93, 95% CI 0.06 to 15.29; p=1.0) and necessity of re-operation (adjusted OR 0.61, 
95% CI 0.1 to 3.8; p=0.7). 

Conclusion
Given no different LHS and complication risks, MFL can replace MBI for ASA I-II adult 
patients undergoing PAD.

Keywords: Parotid abscess, incision, hospital stay, complication, head and neck infection
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Introduction

The International Classification of Diseases, 10th Revision, Clinical Mod-
ification (ICD-10-CM) separates parotid abscess (PA) (K11.3) from acute 
suppurative parotitis (APP) (K11.21) despite the fact that the former is 
generally accepted as a disease spectrum end of the latter (“continuum 
concept”). PA emerges from ca. one fifth of APP cases and links to ductal 
stricture or kinks, primary parenchymal involvement, or infection of peri-/
intraparotid lymph nodes, especially with poor oral hygiene. Surgical in-
tervention is indicated in patients with (1) no clinical improvement after 
24-48 hours of conservative treatment: hydration, gland massage/stimu-
lation and broad-spectrum antibiotics, (2) facial paralysis, (3) deep fascial 
space infections, (4) intraglandular parenchymal suppuration, or (5) risk of 
severe infections, e.g. osteomyelitis, necrotizing fasciitis, or sepsis. Super-
ficial parotidectomy is often necessary for recurrent or chronic PA (1-8).
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With time, surgeries with minimal/short incisions have 
gained popularity not only for aesthetic but also for oncologic 
and traumatological purposes. Mini-facelift (MFL) has gradu-
ally superseded conventional facelift and modified Blair inci-
sions (MBI) for parotidectomy. Over the past two decades, au-
thors of several standard textbooks have recommended MFL 
for parotid abscess drainage (PAD), and MBI should be per-
formed only in case of caudally extending/locating PA (1,4,8-
10). Minimally invasive surgical techniques result in gratifying 
outcomes, low complications rates, and rapid return to daily 
activities (11-14). However, our literature search unveiled a 
truth that the recommendation on surgical approach to PA 
relied on Level of Evidence IV and V after the Oxford Centre 
of Evidence-Based Medicine (CEBM). Existing studies included 
small sample sizes and non-systematic research designs, mak-
ing them difficult to ascertain conclusions concerning risks of 
prolonged hospitalization (> 7 days) and complications. 

 The purpose of the present study was to analyze length 
of hospital stay (LHS) and complications resulting from (ex-
tended) deep plane MFL vs. traditional MBI for relatively 
healthy adult patients undergoing parotid abscess drainage 
(PAD). We also sought to determine whether any difference 
in LHS and complication risks existed between both inci-
sions. The investigators hypothesized that no significant dif-
ference would be found in prolonged LHS and adverse risks 
when using MFL vs. MBI. Our specific aims were to perform 
a retrospective outcome research (CEBM’s Level of Evidence 
2c), to document type and frequency of surgical incisions for 
PAD, to calculate the prolonged LHS and complication rates, 
and to prove the differences in outcomes of each PA incision. 

Material and Methods

Study design and samples

We completed a retrospective cohort study recruiting 2 
groups of patients undergoing PAD performed by a single 
surgeon (P.P.) during a 7-year interval. Subjects eligible for 
study inclusion were female or male, older than18 years of 
age, who had undergone PAD via any incision types in an 
inpatient setting with postoperative antibiotics. The diagno-
sis was established based on clinical presentations, routine 
blood test, and radiographic confirmation with computed 
tomography (CT): low attenuated, single cyst-like or multi-
ple loculated lesions with contrast enhancement of the ab-
scess wall (5,7). The surgical technique was together decid-
ed by provider and patient factors. In the MFL group, the 
patients were informed about the chance of intraoperative 
converting the incision into the conventional MBI, depend-
ing on surgical difficulty. All subjects received routine use of 
general anaesthetics and continuous intraoperative neuro-
monitoring (cIONM) of the facial nerve, as described by oth-
er authors (15-17). Subjects were excluded from the study if 
they did not satisfy the inclusion criteria, had poor general 
health (American Society of Anesthesiology [ASA] status III-
IV), or if infection became disseminating to other tissues/
organs or arose from a tumor (“tumor necrosis”). Treatment 
outcomes in pediatric/adolescent patients may be difficult 
to evaluate, and ASA III-IV patients often suffer from poor/
delayed healing (3,18). Both of these patient groups were 
therefore excluded from the study.

Ethical statement

This retrospective cohort study with chart review was ap-
proved by the institutional review board, and the ethical guide-
lines of the World Medical Association’s Declaration of Helsinki 
and the STROCSS criteria were followed throughout the study. 
Every patient gave consent for participation and prospective 
consent for their anonymous data in future researches.

Study variables

The primary predictor variable was incision types: MFL vs. 
MBI. The surgical technique was recorded as documented in 
operative notes. MFL began with the preauricular incision 
extending into its natural crease superior to the tragus, and 
then curved posterior to the tragus and inferior to the infe-
rior ear lobule with/without small postauricular extension. 
The incision included neither temporal hair nor trichophytic 
incision nor extension beyond the mastoid skin (Figure 1A). 
In the MBI group, we used the conventional Blair “Lazy-S” in-
cision with extension into the upper neck (Figure 1B). Details 
of both surgical methods were extensively described by oth-
er authors (4,11-14,19,20). The parotid fascia was exposed 
and incised parallel to the facial nerve. An incision biopsy 
was also performed to rule out tumor diseases. After micro-
biological swab, abscess evacuation and aggressive antisep-
tic lavage (mostly, 7.5% povidone-iodine: Braunol® Haut-, 
Schleimhaut- und Wundantiseptikum, B. Braun Melsungen 
AG, Melsungen, Germany), one or two penrose drains (size 
8 or 10 or 12 mm; Easy-Flow-Drainage®, Dispomedica GmbH, 
Hamburg, Germany) for postoperative irrigation were left in 
situ until a day before patient discharge. 

The primary outcomes were length of hospital stay (days) 
and incidence of adverse complications related to the sur-
gical incision. Complications included delayed wound heal-
ing/dehiscence/fistula, recurrence of the infection, trismus, 
facial paralysis, Frey’s syndrome, sensory disturbance, and 
hypertrophic scar/keloid. The patients were discharged 
when clinical symptoms resolved and blood chemical test 
results were unremarkable. 

The other study variables were categorized into 4 catego-
ries: (1) demographic: age, gender, relevant risk factors (met-
abolic diseases, dehydration, irradiation, Sjögren’s syndrome, 
HIV infection, placement of a Sengstaken-Blakemore tube, 
previous endoscopic retrograde cholangiopancreatography 
[ERCP], continuous positive airway pressure therapy, and use 
of total parenteral nutrition) (8), (2) clinical: limited mouth 
opening (defined as an inability to vertically align 3 fingers be-
tween upper and lower central incisors up to the first distal in-
terphalangeal folds) (21), dysphagia/odynophagia, reduced/
poor general condition including severe pyrexia and malaise 
(defined as Eastern Co-operative Oncology Group [ECOG]/
WHO Performance Score Grade 3-5) (22), (3) microbiological: 
identified pathogen, and (4) therapeutic: used antibiotic.

Statistical analysis

Statistical analyses were performed using SPSS V27 (Statis-
tical Package for Social Sciences, IBM Corporation, NY, USA) 
for all analyses. For all categorical comparisons, we used the 
χ2 test or Fisher’s Exact Test, as appropriate. For comparisons 
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of continuous variables, we used independent samples t test. 
Multivariable logistic regression analysis was then applied to 
measure the effect of the incision technique on prolonged 
LHS and adverse complication rates. The multivariate model 
was adjusted into binary before calculation. We reported 95% 
confidence intervals (CIs) and calculated P values. All statisti-
cal tests were 2-sided using a standard alpha of 0.05. 

Results

A total of 120 PA patients treated by the first author (P.P.) 
were identified during the 7-year study period. Patient de-
mographics, outcomes, and data analyses are summarized 
in Table 1. The only risk factor in this cohort was found, i.e. 
metabolic diseases in 11 (or 9.2%) patients. Advanced age 

and usual symptoms of odontogenic infections (i.e. limited 
mouth opening, swallow difficulty, reduced general condi-
tion) were not common. However, gram-positive oral bac-
teria were the main pathogen of the infection, and intrave-
nous ampicillin/sulbactam remained the gold standard of 
empiric antibiotic therapy. Only 10 (or 8.3%) patients had a 
Staphylococcal infection. 

Neither incision conversion (MFL to MBI) nor surgical air-
ways nor secondary parotidectomy was warranted. All pa-
tients were successfully intubated via the orotracheal route 
with/without a flexible fiberoptic bronchoscope. There were 
no postoperative complications other than 2 (or 1.7%) tran-
sient facial paralyses (House-Brackmann scoring Grade II 
and III) and 5 (or 4.2%) re-operations. Of those, 4 re-operat-
ed patients were Asian/Eurasian immigrants and had an in-
fection of Burkholderia pseudomallei, making the association 
between this pathogen and re-operation events statistically 
significant (P = 0.0001). 

On multivariate logistic regression analysis, there was no 
significantly increased risk of LHS > 7 days (adjusted odd ra-
tio [OR] 1.19, 95% confidence interval [95% CI] 0.52 to 2.7; 
P = 0.8) and adverse complication (facial paralysis: adjusted 
OR 0.93, 95% CI 0.06 to 15.29, P = 1.0; necessity of re-opera-
tion (adjusted OR 0.61, 95% CI 0.1 to 3.8, P = 0.7). 

Discussion

Given a proliferation of facial plastic surgical techniques, 
there exists a need to assess the efficacy between different 
surgical approaches to determine which offers the optimal 
results. To address this deficit, we compared two surgical 
techniques for PAD. Our findings point to specific factors 
that could support a decision regarding the incision for PAD 
in ASA I-II patients. MBI provides a wide surgical approach to 
visualize the facial nerve, abscess, hematoma and necrotic 
tissue, but it causes aesthetic concerns and probably fistu-
lation. In this regard, MFL seems to be more advantageous 
because the MBI’s disadvantages are overcome (23,24). 

For aesthetic purposes, MBI and MFL yield comparable 
short-time outcomes. MBI offers a superior long-term result 
in the neck only (12). However, correction of cervical laxity 
and/or bulky neck is not the main aim of PAD. In this study, 
the investigators could not demonstrate the significant dif-
ference of LHS and complication rates between both sample 
groups. These results correspond with those recently report-
ed by other investigators (23,24). MBI should therefore be 
used in case of caudally extending/locating PA – an alterna-
tive for this situation is extending the short retroauricular in-
cision to allow a better vision with a completely hidden scar 
behind the ear lobe instead of a visible occipital prehairline 
scar (11). One huge drawback of the MFL incision is that the 
direction of the drainage is often not parallel to the gravity. 
However, the effect of this unfavorable vector is unlikely to 
hinder treatment outcomes in this series.  

Staphylococcus aureus and Streptococcus viridians are 
common pathogenic causes of PA. Gram-negative bacilli 
and strict anaerobes, e.g. Klebsiella spp, Bacteroides spp, Fu-
sobacterium nucleatum, and Peptostreptococcus anaerobius 
have been identified in patients with poor oral hygiene. Rare 
PA arises from methicillin-resistant S. aureus, Mycobacterium 
spp, Salmonella spp, Neisseria meningitides, Treponema pall-

A

B

Figure 1. Drawings showing (A) mini-facelift incision and (B) 
modified Blair incision.
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idum, Bartonella henselae, Eikenella corrodens, Fusobacterium 
necrophorum (Lemierre’s disease) and B. pseudomallei (meli-
oidosis) (6,8,25). Retrograde infection of the parotid secre-
tory system results from ductal erosion with subsequent 
bacterial penetration, exudate formation within the paren-
chyma, and glandular destruction (3,23). Notwithstanding 
our findings that oral bacteria were commonly found, oral 
health indices, such as caries prevalence DMFT/DMFS, Com-
munity Periodontal Index (CPI), in PA patients are beyond 
this study’s scope.  

Similar to results of other studies, diabetes mellitus (DM) 
was an important risk factors in PA patients (3,7,24,25). It 
appears clear that DM increases susceptibility to infection 
and worsens outcomes of infectious diseases. For example, 
DM patients have a 12-fold increased risk of melioidosis, 
and over half of the melioidosis cases have diabetes. Main 
mechanisms are impairment of phagocyte function and 
adaptive T-cell immunity, chronic hyperactivation of the 
innate immune response (i.e. polyclonal B-cell stimulation 
and enhanced antibody production to stimuli), altered skin 
flora (including increased colonization of S. aureus), and 
antimicrobial resistance (18). It has been believed that pro-

longed usage of broad-spectrum antibiotics in DM patient 
precipitates selective colonization of the upper respiratory 
tract with Gram-negative bacteria, e.g. Klebsiella, Pseuro-
monas, because the commensals are shed out (3). On the 
other hand, acute infection leads to hyperglycemia as a con-
sequence of the stress-response activation of the hypotha-
lamic-pituitary-adrenal axis to increase secretion of cortisol 
and other hormones, which promote peripheral insulin re-
sistance and alter insulin-receptor signaling by pro-inflam-
matory cytokines (18). Altogether, appropriate blood sugar 
management is an essential part of successful treatments for 
PA patients with DM.

Melioidosis has often been reported in farmers, transport-
ers, machine workers and recreation activists in Southeast 
Asia and Northern Australia, and presents as pneumonia (ca. 
15%) and/or multiple soft-tissue abscesses (ca. 20%), espe-
cially in DM patients. Bacteremia and septic shock (ca. 20%) 
are the strong predictors of death with the mortality rates 
of 33%-65%. Radiological appearances of the melioidosis 
abscesses vary from large abscesses with the “honeycomb” 
or “Swiss cheese” appearance to dispersing microabscesses 
(26.) All of our melioidosis patients were apt to re-operations. 

Table 1: Cohort characteristics grouped by incision type. Continuous data are listed as mean ± SD. Categorical data are presented as number 
(percentage). Statistically significant P-values are indicated in bold typeface.

Characteristics Overall 
Mini-

Facelift
Modified Blair 

incision
P value (adjusted odd ratio; 

95% confidence interval)

Demographic 

 Sample size 120 62 58 N/A

 Age at diagnosis  41.7 ± 18.3 43.1 ±17.3 40.1 ± 19.4 0.4

 Age at diagnose > 60 years 29 (24.2) 14 (48.3) 15 (51.7) 0.8 (0.84; 0.36-1.93)

 Female gender 60 (50) 29 (48.3) 31 (51.7) 0.6 (0.77; 0.37-1.57)

 Metabolic diseases 11 (9.2) 7 (63.6) 4 (36.4) 0.5 (1.72; 0.48-6.21)

Clinical 

 Limited mouth opening 23 (19.2) 9 (39.1) 14 (60.9) 0.2 (0.53; 0.21-1.35)

 Dysphagia/odynophagia 5 (4.2) 3 (60) 2 (40) 1.0 (1.42; 0.23-8.84)

 Reduced/poor general condition 4 (3.3) 2 (50) 2 (50) 1.0 (0.93; 0.13-6.85)

Microbiological 

 Gram-positive cocci 68 (56.7) 33 (48.5) 35 (51.5) 0.5 (0.75; 0.36-1.54)

 Gram-negative cocci 9 (7.5) 5 (55.6) 4 (44.4) 1.0 (1.18; 0.3-4.64)

 Anaerobes 11 (9.2) 5 (45.5) 6 (54.5) 0.8 (0.76; 0.22-2.64)

 Burkholderia pseudomallei 4 (3.3) 2 (50) 2 (50) 1.0 (0.9; 0.13-6.85)

 Candida albicans 5 (4.2) 2 (40) 3 (60) 0.7 (0.61; 0.1-3.8)

Therapeutic 

 Ampicillin/sulbactam 95 (79.2) 50 (52.6) 45 (47.4) 0.8 (1.2; 0.5-2.91)

 Clindamycin 12 (10) 5 (41.7) 7 (58.3) 0.6 (0.64; 0.19-2.14)

 Others after antibiogram 13 (10.8) 7 (53.8) 6 (46.2) 1.0 (1.1; 0.35-3.5)

Length of hospital stay 9.2 ± 7.9 8.2 ± 7.7 10.2 ± 8 0.2

Length of hospital stay > 7 days 31 (25.8) 17 (27.4) 14 (25.5) 0.8 (1.19; 0.52-2.7)

Postoperative 

 Facial paralysis 2 (1.7) 1 (50) 1 (50) 1.0 (0.93; 0.06-15.29)

 Re-operation 5 (4.2) 2 (40) 3 (60) 0.7 (0.61; 0.1-3.8)

 Complications with evidence of Burkholderia pseudomallei 4 (3.3) 2 (50) 2 (50) 1.0 (0.9; 0.13-6.85)
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This finding may indicate high virulence of B. Pseudomallei, 
as also described by other authors (23,24,26.) PA arising from 
this bacterium should therefore be treated cautiously. 

 If the patient’s general health does not suit an invasive 
treatment, ultrasound-guided emergency needle aspiration 
of the pus may be able to prevent dissemination of the infec-
tion (23,27). Our cohort enrolled only ASA I-II patients; there-
by, needle aspiration was not attempted. In another German 
series (n = 31), all but 4 healed uneventfully after PAD with 
cIONM. The other four patients underwent superficial parot-
idectomy because of multiple recurrences of PA (2). To the 
best of our knowledge, ultrasound-guide PAD appears to be 
relatively unpopular in this country.  

Facial paralysis in PA patients has been sporadically re-
ported in the literature and may occur due to the severity of 
infection, perineuritis, or nerve compression (6,7). A Taiwan-
ese series demonstrated one of 14 (or 7.1%) patients with 
temporary facial paralysis (5), and 13% (2/15) in another Ma-
laysian series (3). We found no facial paralysis before the sur-
gery. A possible explanation is that all patients presented to 
us within a few days after the infection began and the PA siz-
es were less than 5 cm in preoperative CT. Contrast to post-
operative/iatrogenic facial paralysis, facial paralysis due to 
PA per se often resolves spontaneously within a few months 
after the disease cure. Facial paralysis resistant to therapy is 
very highly suggestive of parotid malignancy and mandates 
further workups (6,10).

Dissection, transaction, laceration, clamp compression, re-
traction, electrocautery, ligature entrapment, suction trau-
ma, or even compressive ischemia can cause iatrogenic facial 
nerve injury (17). cIONM during parotid surgery allows early 
nerve identification, forewarns surgeons of unexpected fa-
cial nerve stimulation, maps the nerve course, reduces me-
chanical nerve damage, and helps to evaluate and prognos-
ticate the nerve function at the end of the procedure (15,16.) 
This real-time monitoring of the facial nerve undoubtedly 
decreases operation time and increases patient satisfaction 
(17). Although an elevated nerve response (0.5 mA) could 
predict postoperative facial nerve paresis at the end of pro-
cedure, an absence of an electrically evoked response does 
not exclude the facial nerve injury (15, 17). The incidence of 
temporary postoperative facial weakness in our cohort is 
much lower than that in the recent meta-analysis (1.7% vs. 
23.4%, adjusted OR 0.06, 95% CI 0.01 to 0.23, P = 0.0001) (16). 
Possible explanations are that most data in that meta-anal-
ysis were based on studies with 2-channel systems during 
parotidectomy, while we used passive 4 channel-monitor-
ing (electrode placement in the frontal, orbicularis oculi and 
oris, and mentalis muscles). Our patients with postoperative 
facial paralysis were conservatively treated with physiother-
apy and returned to normal nerve functions within a year.

In Taiwanese, Thai and Malaysian series, trismus was found 
in 43% (or 6/14), 50% (or 31/62) und 60% (or 9/15) of PA pa-
tients, respectively (3,5,25). However, limited mouth open-
ing, swallowing problem and reduced general condition 
(ECOG/WHO Performance Score Grade 3 or more) in our pa-
tients were uncommon. The most likely cause of the discrep-
ancies is that the patients in the abovementioned Asian se-
ries came to the treatment later than ours (6.3 ± 6.3 [Taiwan] 
vs. 1.8 ± 0.6 [Germany] days; 95% CI 3.28 to 5.61, P = 0.0001; 
Malaysian means: 15.2 days), and had more percentages 

of patients with underlying metabolic diseases (40% [Ma-
laysia] vs. 42.9% (Taiwan) vs. 9.2% [Germany]; adjusted OR 
0.13, 95% CI 0.04 to 0.46, P = 0.0028), probably because we 
included ASA I-II patients only. This could explain why our 
patients tended to have shorter hospitalization (14 ± 39.3 
[Taiwan] vs. 9.2 ± 7.9 [Germany] days; 95% CI -3.26 to 12.86, 
P = 0.24; Malaysian means: 14.2 days), albeit not statistically 
significant. Moreover, our patients did not require advanced 
airways management. In other words, the German health-
care system seems to support a quick referral of problematic 
patients to specialists.  

Our study was limited in several ways, most notably by the 
retrospective observational study design. Inaccurate charting 
and missing data cannot be excluded as a possibility in some 
reviewed cases. Besides, chart reviewing was not blinded. 
Despite no surgeon variation, we did not analyze the whole 
patient population in the catchment areas of the studied fa-
cilities. The demographic data may be unrepresentative, e.g. 
how many APP patients developed PA remains unknown, and 
our results might not be generalized to other patient groups, 
e.g. those with ASA III-IV and/or advanced infections. Patient 
satisfaction after PAD is our next research project. 

Conclusion

The results of our study allow us to give strong recommen-
dations in favor of the use of MFL in ASA I-II adult patients 
undergoing PAD. Both MFL and MBI techniques are low-risk 
with regard to LHS and postoperative complications. How-
ever, it should be borne in mind that the faster the treatment 
begins, the less chance the patients have of getting compli-
cations. DM and melioidosis seem to be important risk fac-
tors and require particular attention. Postoperative facial 
nerve dysfunction after PAD is temporary and diminished 
after conservative physiotherapy.

Türkçe özet: Parotis apsesi drenajı için mini yüz germe tekniği ya da 
modifiye Blair insizyonu kullanılan hastalarda meydana gelen kom-
plikasyonların ve hastanede kalış süresinin değerlendirilmesi.Amaç: 
Parotis apse drenajı (PAD) uygulanan yetişkin hastalarda mini yüz 
germe (MFL) ve modifiye Blair insizyonları (MBI) arasındaki hastanede 
kalış süresini (LHS) ve komplikasyonları karşılaştırmaktır.Gereç ve yön-
tem:7 yıllık bir aralıkta PAH uygulanan 2 sağlıklı yetişkin hasta grubunu 
(Amerikan Anesteziyoloji Derneği [ASA] durum I-II) içeren retrospektif 
bir kohort çalışma tasarımı kullanıldı. Birincil öngörücü değişken, insi-
zyon tipiydi (MFL’ye karşı MBI). Birincil sonuçlar, LHS ve insizyon tipinden 
kaynaklanan olumsuz komplikasyonlardı. Diğer çalışma değişkenleri 
demografik, klinik, mikrobiyolojik ve terapötik kategorilere ayrılmıştır. 
Kohort özelliklerindeki fark, uygun tanımlayıcı tek ve iki değişkenli 
istatistikler kullanılarak analiz edildi. İnsizyon tipinin LHS üzerindeki et-
kisini ve olumsuz komplikasyon oranlarını ölçmek için çok değişkenli lo-
jistik regresyon kullanıldı.Bulgular: Örneklem, ortalama yaşı 41.7 ± 18.3 
olan 120 deneği (%50 kadın) içermiştir. MFL grubundaki hastalar 8,2 ± 
7,7 gün hastanede yatırıldı ve diğer grup 10.2 ± 8 gün hastanede kaldı 
(düzeltilmiş olasılık oranı [OR] 1.19, %95 güven aralığı [%95 GA] 0.52 ila 
2.7; P = 0.8). MBI ile karşılaştırıldığında MFL, fasiyal paralizi (düzeltilmiş 
OR 0.93, %95 GA 0.06 ila 15.29; P = 1.0) ve yeniden ameliyat gerekliliği 
(düzeltilmiş OR 0.61, %95 CI 0.1 ila 3.8) açısından komplikasyon riskler-
ini önemli ölçüde artırmadı. ; P = 0.7). Sonuç: Hastanede kalış süresi ve 
komplikasyon riski göz önüne alındığında, MFL, PAH uygulanan ASA 
I-II yetişkin hastalarda MBI’ın yerini alabilir.Anahtar kelimeler: parotis 
apsesi; kesi; hastanede kalış; komplikasyon; baş ve boyun enfeksiyonu
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The relationship between frontal sinus dimensions and  
skeletal malocclusion 

Purpose
The aim of this retrospective research is to compare frontal sinus dimensions in 
skeletal Class I, skeletal Class II, and skeletal Class III individuals and to evaluate 
the relationship of these dimensions with anterior skull base length and some 
cephalometric values.

Materials and Methods
In this research, we used lateral cephalometric radiographs of 60 people aged 17 to 
25. In individuals with skeletal Class I malocclusion, skeletal Class II malocclusion due 
to mandibular insufficiency, and skeletal Class III malocclusion due to mandibular 
excess, measurements of frontal sinus length and height as well as S-N, Co-A and Co-
Gn lengths, ANB0, FMA0, SN-GoGn0 angles values were performed. The length between 
the highest point and the lowest point of the frontal sinus was calculated as the height 
of the frontal sinus, and the length between the most anterior and the most posterior 
points of the frontal sinus was calculated as the length of the frontal sinus.

Results
The frontal sinus length and height were found to be higher in skeletal Class III 
individuals than in skeletal Class I and skeletal Class II individuals, however, there 
was no significant difference between skeletal Class I and Class II individuals. 

Conclusion
The increase in frontal sinus height and length correlated positively with the 
decrease in the ANB angle and the increase in the SN and Co-Gn lengths. The 
dimensions of the frontal sinus may be an indicator for the remaining mandibular 
growth potential. 

Keywords: Frontal sinus, cephalometry, mandible, skeletal malocclusion, growth
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Introduction

Growth modification is frequently used in the treatment of skeletal 
Class II and Class III malocclusion during growth and development (1–3). 
In this treatment method, where functional appliances can be used, the 
growth and development of the nasomaxillary complex as well as the 
growth potential of the lower jaw in the sagittal direction are important 
for the treatment to be applied to the individual. The close relationship 
of the growth and development, spurt periods of the mandible with the 
general growth and development of the individual directly affects the sta-
bility and success of the treatment (4,5).

Various methods are used to accurately predict the growth and devel-
opment periods of individuals. These methods include chronological age, 
tooth age, height and weight gain, menarche, and bone age (1). In the 
bone age method, one of the most reliable methods, hand-wrist radio-
graphs are frequently used (6). These radiographs have advantages such 
as the spread of the calcification of many bones in the hand-wrist area 
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over a wide range, different union times of the epiphysis and 
diaphysis, obtaining images close to the actual size, and low 
superposition. However, it has been noted that it has disad-
vantages such as exposure to radiation second time, loss of 
time, cost, being in a region far from the nasomaxillary com-
plex, and being not ideal in representation due to being a 
small component of the skeletal system (7–9). 

Ruf and Pancherz (10) have stated that the frontal sinus-
es, one of the paranasal sinuses, could be an indicator of the 
growth pattern of the nasomaxillary complex. Also, there are 
studies in the literature regarding the use of frontal sinuses in 
areas such as age, gender, and forensic medicine (11,12). It has 
been reported that the frontal sinus bud, which was located 
in the ethmoid region after birth, cannot be observed on ra-
diography until the age of eight, and that most of its develop-
ment is completed until the age of 133/4 in females and 151/2 
in males. This growth in the frontal sinuses has been stated to 
coincide with the growth and spurt period observed 1.4 years 
on average after the maximum height increase (12,13).

Considering that mandibular growth can continue until the 
age of 18 in females and 20 in males, the prediction of man-
dibular growth and development in individuals with skeletal 
Class II malocclusion with mandibular insufficiency and skele-
tal Class III malocclusion with mandibular excess is important 
in terms of the success of orthodontic treatment (14). At this 
point, it has been reported that there might be a correlation 
between the frontal sinus, which completes its development 
at an earlier age, and skeletal malocclusion in the sagittal 
direction. Also, it has been stated that it could give an idea 
about the malocclusion that may occur and about the predic-
tion of the possibility of orthognathic surgery (15).

In the light of this information, this study aims to compare 
frontal sinus dimensions in skeletal Class I, skeletal Class II, 
and skeletal Class III individuals and to evaluate the relation-
ship of these dimensions with S-N, Co-A and Co-Gn lengths 
and ANB0, FMA0, SN-GoGn0 angles values. The main null 
hypothesis tested in this research is that the frontal sinus 
dimensions are not related either with S-N, Co-A or Co-Gn 
lengths or ANB0, FMA0, SN-GoGn0 angles values.

Material and Methods

Ethical statement

The ethics committee approval was obtained from Van 
Yuzuncu Yil University Faculty of Medicine Research Ethics 
Committee (2019/15-02). Informed consent was obtained 
for the use of cephalometric radiographs taken for diagnos-
tic purposes.

Study design

This retrospective research was carried out using later-
al cephalometric radiographs, found in the archives of Van 
Yuzuncu Yil University, Faculty of Dentistry, Department of 
Orthodontics, of 60 individuals (35 females, 25 males) be-
tween the ages of 17-25 who were admitted for orthodontic 
treatment between 2014-2018. 

The study group included cephalometric radiographs of 
individuals who had not previously received orthodontic 
treatment, had no cleft lip-palate and systemic syndrome, 
no frontal sinus pathology, and had skeletal Class I, skele-

tal Class II malocclusion due to mandibular deficiency, and 
skeletal Class III malocclusion due to mandibular excess. 
Lateral cephalometric radiographs with poor image quality 
for measurement and in which the frontal sinus dimensions 
could not be observed were excluded from the study.

Imaging protocols
 
All lateral cephalometric radiographs were taken with the 

Sirona Orthophos XG (Bensheim, Germany) imaging system. 
Lateral cephalometric radiographs were imported into the 
NemoCeph NX 2005 software package (Nemotec, Madrid, 
Spain). To minimize magnification, it was calibrated with a ruler 
of known length on the forehead bar before measuring length 
values on cephalometric radiographs. Lateral cephalometric ra-
diographs were drawn by a single investigator (YT) (Figure 1).

Sample size determination

According to previous studies; the standard deviations (Σ) 
for frontal sinus  width varies between 3 and 4 (16). There-
fore, standard deviation was considered as 3.5. For the 95% 
of confidence coefficient and approximetaly 80% power val-
ue the effect size (d) was assumed as 1.5, and Z value 1.96 
was used for the 0.05 type I error rate. The sample size was 
found to be approximately 20 by using the equation for 
sample size calculation (n = Z2 Σ2 /d2)

Image analysis

Thirteen points are marked, and three angles and five length 
values are calculated (Table 1). According to the angle ANB, 

Figure 1. Determining cephalometric points and evaluating 
values. 
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which is the angle between the Nasion, A, and B points, three 
equal groups were created consisting of skeletal Class I (20 in-
dividuals, 00 ≤ ANB ≤ 40), skeletal Class II due to mandibular 
deficiency (20 individuals, 40<ANB) and skeletal Class III due 
to mandibular excess (20 individuals, ANB <00). Moreover, the 
part located between the sella (S) and nasion (N) points was 
calculated as the anterior skull base length, the part between 
the condilion (Co) and A points was calculated as the effective 
maxillary length, and the part between the condilion (Co) and 
gnathion (Gn) points was calculated as the effective mandib-
ular length Furthermore, the Sella-Nasion-Gonion-Gnathion 
plane angle (SN-GoGn) and the Frankfort-mandibular plane 
angle (FMA), two commonly used angles, were analyzed in 
terms of the groups’ vertical values (17,18).

In order to evaluate the dimensions of the frontal sinus, four 
points were determined on the inner surface of the cortical 
bone that limit the frontal sinus.  These are defined as the 
highest point of the frontal sinus (SH), the lowest point of the 
frontal sinus (SL), the most anterior point of the frontal sinus 
(SA), and the most posterior point of the frontal sinus (SP). 
The length between the highest point and the lowest point of 
the frontal sinus was calculated as the height of the frontal si-
nus (FSH), and the length between the most anterior and the 
most posterior points of the frontal sinus was calculated as the 
length of the frontal sinus (FSL) (19). The points of the frontal 
sinus were determined by another researcher (VK) (Figure 2).

Inter-observer error rate was evaluated using the intra-
class correlation coefficient. Ten randomly selected cepha-
lometric radiographs were drawn again three weeks after 
the first measurements by the same researchers. It was de-
termined that the intraclass correlation coefficient for all re-
peated measurements was 0.815. 

Statistical analysis

Statistical analysis was performed using SPSS for Windows 
version 21.0 (IBM SPSS Armonk, NY, USA) statistical software 
package. Pearson’s Chi-Square test, and One-way Analysis of 
Variance (ANOVA) was performed to compare the means of 
groups in terms of continuous variables. Following the anal-
ysis of variance, the Duncan multiple comparison test was 
used to determine the different groups. Pearson’s correla-
tion coefficient was calculated separately for each group to 
determine the correlation between these variables. The con-
fidence interval was set to 95% and p values less than 0.05 
were considered as statistically significant

Results

The demographic data of the individuals included in the 
study are shown in Table 2. There was no significant difference 

Figure 2. Points used to calculate the height and length of the 
frontal sinus. 

Table 1: Definition of points, angles and lengths used in the research.

A-point (A) The deepest point on the maxillary alveolar process’s outer contour.

B-point (B) The deepest point on the mandibular alveolar process’s outer contour.

Sella (S) Midpoint of sella

Nasion (N) The most anterior point of the frontonasal suture

Gonion (Go) Intersection of the lines tangent to the ramus’s posterior border and the mandible’s lower border

Gnathion (Gn) The point on the bony chin that is the most anterior and inferior.

Porion (Po) Uppermost point of the external auditory meatus

Orbitale (Or) Lowermost point of the bony orbita

Condylion (Co) The most posterosuperior point on the curvature of the average of the right and left outlines of the condylar head

SN-GoGn0 The angle between the anterior cranial base (SN) and the mandibular plane (GoGn)

ANB0 The angle between the N-A and N-B lines

FMA0 The angle between the Go-Gn and Frankfurt Horizontal (Po-Or lines

S-N The distance between S point and N point

Co-A The distance between Co point and A point

Co-Gn The distance between Co point and Gn point

SH The highest point of frontal sinus

SL The lowest point of frontal sinus

SA The most anterior point of the frontal sinus

SP The most posterior point of the frontal sinus

FSH The length between the highest point (SH) and the lowest point (SL)

FSL The length between the most anterior (SA) and the most posterior (SP) points



133Frontal sinus and skelatal malocclusion 

between the groups in terms of female-male ratio and mean 
age. No significant difference was found between the skeletal 
Class I, Class II and Class III groups in terms of SN and Co-A 
lengths, while the Co-Gn length was longer in skeletal Class III 
individuals than in skeletal Class II individuals (Table 3). 

The frontal sinus length and height were found to be higher 
in skeletal Class III individuals than in skeletal Class I and skel-
etal Class II individuals, however, no significant difference was 
found between skeletal Class I and Class II individuals (Table 4). 

When measured vertically, the SN-GoGn angle ranged be-
tween 31.2±6.0 and 33.2±4.3 degrees; the FMA angle was 
between 22.8±3.7 and 23.7±4.1 degrees. Furthermore, no 
significant differences in SN-GoGn and FMA values were 
found between the groups (Table 5).

As a result of the correlation analysis, it was determined 
that there was a negative correlation between the frontal 
sinus height and length, and the ANB angle, and a positive 
correlation between the S-N and Co-Gn lengths (Table 6). 

Discussion

The results of the present study, in which frontal sinus di-
mensions were compared in individuals with skeletal Class 
I, Class II and Class III malocclusion,and the relationship be-
tween these dimensions and the anterior skull base length 
and some cephalometric values were evaluated, showed 
that the Co-Gn length was longer in skeletal Class III individ-
uals than in class II individuals and the frontal sinus length 

Table 2: Demographic variables of the study. 

 
Skeletal 

Class I
Skeletal 
Class II

Skeletal 
Class III

p1

n (%)

Female 13 (65%) 13 (65%) 11 (55%)

0.754Male 7 (35%) 7 (35%) 9 (45%)

Total 20 (100%) 20 (100%) 20 (100%)

Age (year)
Mean±SD

19.74±2.5 19.85±2.3 20.24±2.3

SD: Standard deviation 1Pearson chi-square test (p<0.05).

Table 3: Comparison of ANB angles S-N, Co-A and Co-Gn lengths 
among groups.

Groups Mean±SD Minimum Maximum p2

ANB 
(0)

Skeletal 
Class I

2.26±1.00a 1.0 3.7

0.001
Skeletal 
Class II

6.10±1.07b 5.0 9.0

Skeletal 
Class III

-2.34±1.35c -6.0 -8.0

S-N 
(mm)

Skeletal 
Class I

67.56±3.57 62.2 75.8

0.570
Skeletal 
Class II

66.76±2.85 62.0 73.4

Skeletal 
Class III

66.59±2.71 62.3 71.6

Co-A 
(mm)

Skeletal 
Class I

82.46±5.03 68.4 93.2

0.089
Skeletal 
Class II

83.52±4.86 75.7 92.2

Skeletal 
Class III

79.87±5.92 68.9 90.0

Co-Gn 
(mm)

Skeletal 
Class I

110.83±5.99a 98.2 121.3

0.007
Skeletal 
Class II

106.95±7.19ab 95.4 119.6

Skeletal 
Class III

114.28±7.93ac 102.5 128.3

SD: Standard deviation  2Oneway ANOVA test; (p<0.05) a, b, c: shows the 
difference between groups in the same row.

Table 4: Comparison of frontal sinus height and length between groups. 

Groups Mean±SD Minimum Maximum p2

FSH (mm)

Skeletal Class I 24.44±4.20a 16.05 31.33

0.001Skeletal Class II 24.00±4.22a 16.14 31.50

Skeletal Class III 29.87±3.91b 24.75 36.73

FSL (mm)

Skeletal Class I 14.03±2.93a 9.04 19.74
0.001

Skeletal Class II 13.81±2.57a 9.55 18.77

Skeletal Class III 17.23±3.68b 11.54 25.16

SD: Standard deviation; 2Oneway ANOVA test; (p<0.05) FSH: Height of the frontal sinus; FSL: Length of the frontal sinus a, b, c: shows the difference between 
groups in the same row

Table 5: Comparison of FMA and SN-GoGn between groups. 

Groups Mean±SD Minimum Maximum p2

FMA (0)

Skeletal 
Class I

23.1±3.7 17.0 27.9

0.740
Skeletal 
Class II

23.7±4.1 17.0 31.3

Skeletal 
Class III

22.8±3.7 16.2 29.2

SN-
GoGn (0)

Skeletal 
Class I

31.8±4.6 22.4 38.3

0.429Skeletal 
Class II

33.2±4.3 22.9 41.0

Skeletal 
Class III

31.2±6.0 17.6 38.9

SD: Standard deviation; 2Oneway ANOVA test; (p<0.05) FMA:  SN-GoGn: 
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and height was higher in skeletal class III individuals than 
in Class I and Class II individuals. Besides, it was determined 
that there was a negative correlation between the frontal si-
nus height and length, and the ANB angle, and a positive 
correlation between the S-N and Co-Gn lengths. 

It has been stated that the frontal sinus, which is thought to 
play a role in the development of respiratory functions and the 
architecture of the skull, is also effective in nasomaxillary com-
plex and mandible taking its final shape  (13,20). Although it 
has been stated that the frontal sinus continues to grow until 
the age of 18-20, it expands greatly at the age of 12 in paral-
lel with the pubertal and growth and spurt period, and then 
reaches its maximum width and length until the age of 14-16 
(20). Besides, it has been reported that each individual has a 
unique frontal sinus shape as in fingerprints, and its volume 
is affected by factors such as race, environmental factors, the 
individual’s growth and development pattern, and gender. In 
studies comparing frontal sinus volumes between genders, it 
was observed that males have a larger volume than females 
(11,13). For this reason, individuals in the age range of 17-25 
with equal ratios of males and females were included in our 
study in order to prevent the frontal sinus from being affected 
by age and gender-related changes. 

The two-dimensional lateral cephalometric films have 
been frequently used in studies in which the frontal sinus di-
mensions were evaluated in cases such as skeletal malocclu-
sion, gender, pubertal spurt, and forensic medicine (12,16). 
Lateral cephalometric films, which are routinely taken as one 
of the orthodontic diagnostic materials, have disadvantag-
es such as being two-dimensional and superimposition of 
hard tissues. However, the use of lateral cephalometric films 
was preferred in the calculation of frontal sinus dimensions 
in our study due to the additional radiation and costs of 
three-dimensional imaging techniques. 

There are studies in the literature comparing frontal sinus 
dimensions and area with lateral cephalometric radiographs 
in individuals with skeletal Class I, Class II and Class III maloc-
clusion. In one of these studies, Yassaei et al. (16) have report-
ed that frontal sinus size and volume are larger in individuals 
with skeletal Class III malocclusion than in individuals with 
skeletal Class I and Class II malocclusions. Similarly, in a study 
by Prashar et al., (21) in which only the frontal sinus area was 
evaluated, it was reported that it was larger in individuals with 
skeletal Class III malocclusion than in individuals with Class I 
and Class II malocclusions. In another study comparing indi-
viduals with skeletal Class I and Class II malocclusions, no sig-
nificant difference was observed between the two groups in 
terms of frontal sinus dimensions (22). In our study, consistent 
with the results of current studies, it was found that frontal si-
nus height and length were higher in individuals with skeletal 
Class III malocclusion than in skeletal Class I and Class II indi-
viduals, and no significant difference was observed between 
skeletal Class I and Class II individuals.  

Again, as a result of the correlation analysis, it was observed 
that there was a negative correlation between the frontal si-
nus height and length, and the ANB angle, and a positive 
correlation between the S-N and Co-Gn lengths. In a study 
by Tehranch et al., (17) in which no skeletal classification was 
made in the sagittal direction, frontal sinus dimensions were 
evaluated from lateral and posteroanterior cephalometric 
radiographs in 144 individuals. As a result of the study eval-
uating cephalometric values such as SN-FH, Mand-SN, Occ-
SN, total of posterior angles, face angle, Jarabak index, ANB, 
SNA, SNB, Wits, and Y-axis angle, consistent with our find-
ings, it was stated that there was a negative correlation be-
tween the frontal sinus dimensions and ANB angle, and that 
the location of the nasion point might change due to the 
frontal sinus dimensions and accordingly the dimensions 
of the anterior skull base were affected. In another study in 
which skeletal Class I and Class III individuals were compared 
and cephalometric values such as maxillary length, mandib-
ular length, condylar length, symphysis width, FMA angle, 
and ANB angle were evaluated, a negative correlation was 
reported between frontal sinus area and ANB, and a positive 
correlation between that and mandibular length (22). 

The treatment of skeletal class III individuals with exces-
sive mandibles through both growth and development and 
adulthood is difficult. The goal of this research was to ex-
amine if there was a relationship between the height and 
length of the fronral sinus, which completed most of the 
mandible’s growth according to the growth spurt period. At 
this point, the observation that individuals with large fron-
tal sinus height and length are more likely to be in skeletal 
class III individuals than skeletal class I and skeletal class II 
individuals suggests that we should consider the possibility 
of mandible breakthrough in individuals in the growth and 
development period in the future.

Two-dimensional measurements made from lateral ceph-
alometric radiographs and small sample size are among the 
major limitations of this study. Hence, further research in which 
frontal sinus dimensions are evaluated with three-dimensional 
methods in larger sample sizes should be performed.

Conclusion

Within the limitations of our study, it was determined that 
the increase in frontal sinus height and length correlated 
positively with the decrease in ANB angle and the increase 
in SN and Co-Gn lengths. Therefore, the dimensions of the 
frontal sinus may be an indicator of individuals skeletal Class 
III malocclusion with mandibular excess.

Türkçe Özet: Frontal Sinüs Boyutları ile İskelet Maloklüzyon Arasında-
ki İlişki. Amaç: Bu retrospektif araştırmanın amacı frontal sinüs boyut-
larının iskeletsel Sınıf I, iskeletsel Sınıf II ve iskeletsel Sınıf III bireylerde ve 
bu boyutların ön kafa kaidesi uzunluğu ve bazı sefalometrik değerlerle 

Table 6: Correlation analysis of the height and length of the frontal sinus between the ANB angle and length of ANB S-N, Co-A, and Co-Gn.

ANB (0) S-N (mm) Co-A (mm) Co-Gn (mm)

 Height of the frontal sinus     -0.539** 0.322* 0.100 0.443**

Length of the frontal sinus -0.452** 0.301* 0.141 0.384**

*: p<0.05; **: p<0.01
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ilişkisinin karşılaştırılmasıdır. Gereç ve Yöntem: Bu araştırmada yaşları 
17 ile 25 arasında değişen 60 kişinin lateral sefalometrik radyografileri 
kullanıldı. İskeletsel Sınıf I maloklüzyon, mandibular yetmezliğe bağlı 
iskeletsel Sınıf II maloklüzyon ve mandibular fazlalığa bağlı iskeletsel 
Sınıf III maloklüzyona sahip bireylerde frontal sinüs uzunluğu ve yük-
sekliği ile SN, Co-A, Co-Gn uzunlukları ve ANB0, FMA0, SN-GoGn0 açı 
değerleri değerlendirildi. Frontal sinüsün en yüksek noktası ile en alt 
noktası arasındaki uzunluk frontal sinüsün yüksekliği, frontal sinüsün 
en ön ve en arka noktaları arasındaki uzunluk ise frontal sinüsün uzun-
luğu olarak hesaplandı. Bulgular: Frontal sinüs uzunluğu ve yüksekliği, 
iskeletsel Sınıf III bireylerde, iskeletsel Sınıf I ve iskeletsel Sınıf II bireylere 
göre daha yüksek bulundu, ancak iskeletsel Sınıf I ve Sınıf II bireyler 
arasında anlamlı bir farklılık yoktur. Sonuç: Frontal sinüs yüksekliği ve 
uzunluğundaki artışın ANB açısındaki azalma ve SN ve Co-Gn uzunluk-
larındaki artış ile pozitif ilişkili olduğu belirlendi. Frontal sinüsün boyut-
larının da kalan mandibular büyüme potansiyeli için bir gösterge olabi-
leceği düşünülmektedir. Anahtar Kelimeler: Frontal Sinus, sefalometri, 
mandibula, iskeletsel maloklüzyon, büyüme.
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Professional motivations and perceptions of senior dental 
students in the distance education period during the first year 
of the Covid-19 pandemic 

Purpose
Dental students are particularly prone to be affected by the global emergency of 
Coronavirus-19 (Covid-19) pandemic. The aim of this study was to evaluate the 
professional motivations and perceptions of senior dental students during the 
distance education period due to pandemic.

Materials and Methods
The data was collected via an online questionnaire, including questions related to 
students’ professional motivation and perceptions, and views about preventive 
dentistry. For identifying the distress levels, Turkish version of Depression Anxiety Stress 
Scale (DASS)-21 was used. Descriptive statistics and marginal homogeneity test were 
used for statistical analysis.

Results
A total of 114 (83 female, 31 male) students, with the mean age of 23.7±1.03 
participated the study. Statistically significant changes were observed on the 
students’ career plans (p<0.001); fear about getting and transmitting infectious 
diseases (p<0.001); and satisfaction about their profession (p<0.001) during the 
Covid-19 pandemic. Motivation loss was determined on the participants. 

Conclusion
There is an urgent need for revision on dental education in order to ensure the 
students be competent to provide oral health service that can meet the latest 
needs and achieve professional self-confidence without deterioration on their 
professional motivation and perceptions. Crisis-oriented psychological support 
programs should be provided for students. Some improvements should be 
structured in terms of preventive dentistry issues, both for dental education and 
dental health service aspects.
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Introduction

Since the end of  2019, world has spanning a pandemic occurred by 
a virus which the disease setting named Coronavirus disease (Covid-19) 
(1). The global emergency of Covid-19 has been extraordinary disruptive 
for several industries and sectors, including education (2, 3). Worldwide 
prevention methods like quarantine, social distancing in education and 
possible working areas, cancellation of flights, postponement of art and 
sports activities were implemented for an unknown time period. The clo-
sure of educational institutions was a necessity for reducing the spread of 
infection within the community (4). Since mid-March of 2020, face-to-face 
education in the universities has shifted to distance education in Turkey 
as in most of the countries in the world (5). In Turkey, the undergradu-
ate education period of dental faculties is 5 years and during the 4th and 
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5th years, students receive clinical and theoretical education 
(6). After 5-years of university education, for dental profes-
sion, graduates can work as private dentists, can service in 
public dental hospitals or may choose to specialize and take 
the central specialty exam organized by the government. 
Candidates who want to attend a specialty education are 
allocated to certain Dental Faculties with this exam (7). The 
specialty education continues 3 or 4 years according to the 
preferred program. Students should present a dissertation 
thesis and take an oral scientific exam to complete the se-
lected program (8).

The consequences of such outbreaks might ruin physical 
and mental health and affect the professional motivation 
and career plans as well (9). Being on the list of high-risk 
professions due to the great infection risk besides bearing 
the work overload, dentists are much expected to develop 
severe anxiety related to the current pandemic (10). Shar-
ing these common concerns as graduate candidates, 5th 
year dental students had also faced with additional chal-
lenges with the unexpected university closures and shift to 
distance education, which may also affect their mental and 
psychological health (4). From this point, senior dental stu-
dents about to step practicing their profession are a special 
group which might be particularly confused about their pro-
fessional life.

Undoubtedly, it is vital to revise the dental education and 
dental practice related to current conditions and require-
ments. Therefore, it is very important to investigate the influ-
ence of Covid-19 pandemic on dental students’ professional 
motivations and perceptions for being able to make the nec-
essary revisions on dental education and to eliminate the ex-
isting nullified issues. The current study aimed to examine 
these issues, by evaluating the professional motivations and 
perceptions of senior dental students during the Covid-19 
pandemic.

Material and Methods

Participants

This descriptive cross-sectional study was conducted at 
Hacettepe University, Faculty of Dentistry, located at the 
capital city of Turkey. The universe of the study consisted of 
150 senior students, enrolled in the faculty during the 2019-
2020 academic year. 

Ethical statement and data collection

In the Covid-19 pandemic period, education transferred 
to distance learning beginning from 16th March 2020 until 
the end of the academic year, for this reason the data were 
gathered online. Non-interventional Clinical Researches 
Ethics Board of Hacettepe University approved the study 
protocol (GO 20/538). Besides, the mandatory formal per-
mission was also obtained from Turkish Republic Ministry 
of Health (2020-05-21T15_38_18). A questionnaire was de-
veloped that reflected the possible impact of Covid-19 on 
the professional career plans and views of 5th year dental 
students. The questionnaire was pre-tested with a group 
of 10 randomly selected 5th year students from other den-
tal faculties. Following the justification of the protocol, the 

questionnaire link was posted on the entrance page of the 
“Hacettepe University Faculty of Dentistry Student Portal” as 
an announcement and volunteers were asked to participate. 
Participation was entirely voluntary. In order to encourage 
students’ participation, they were informed that all related 
data would be kept confidential.

The study questionnaire

The questionnaire was opened by clicking on a link creat-
ed on an online survey system (“Surveey.com”) and the stu-
dents were informed about the dates when the link would 
be active as data collection period (June 24 – July 1, 2020). 
An informed consent form was placed at the first page of 
the questionnaire. The questionnaire form consisted of 27 
questions: 3 of them regarding sociodemographic charac-
teristics, 4 health conditions and stress status, 7 career plans 
before the pandemic and in the distance education period, 4 
fear from getting an infectious disease or infecting patients, 
5 profession satisfaction levels before and after the pan-
demic, 4 inclusion of “concepts and principles of preventive 
dentistry” into the curricula of the dentistry faculty. In addi-
tion, students were also asked to fill the Turkish version of 
Depression Anxiety Stress Scale (DASS)-21, which was previ-
ously reported to be a useful tool to measure distress levels 
by means of a self-reported questionnaire (11, 12, 13, 14).

Statistical analysis

The data was analyzed by using Statistical Package for the 
Social Sciences Version 20.0 (SPSS Inc., Chicago, IL, USA). Fre-
quency and percentages for the qualitative data, and distri-
bution statistics for the quantitative data were used as de-
scriptive statistics. Besides, marginal homogeneity test was 
used to determine the differences between the responses of 
the group before and during the pandemic. Statistical signif-
icance level was considered as p <0.05. 

Results

In this study, 114 of 150 fifth year students participated the 
online survey. The characteristics of the participants are pre-
sented in Table 1. Among the participants, 83 (72.8%) were 
female. The mean age of the students was 23.7±1.03 ranging 
between 22 and 28. Among all participants, 9 international 
students out of 10, 7 Turkish students out of 59 could not go 
back to their home and they had to stay in Ankara, Turkey; 
while other 45 were in Ankara at family home during the dis-
tance education period. Twenty students (17.5%) reported 
to have a chronic/systemic disease. Of all students, 31.6%, 
18.4% and 13.2% were out of the normal ranges for depres-
sion, anxiety and stress, respectively.

Distribution of students’ views about their professional 
motivation and perceptions before Covid-19 pandemic and 
in the distance education period during the first year of the 
pandemic are shown in Table 2. The participants reported that 
their career plans were 44.8% being an academician, 33.3% 
working in a private practice, 6.1% working in a public dental 
hospital and 15.8% were undecided before pandemic. Signifi-
cant changes were observed on students’ career plans during 
the Covid-19 pandemic (p<0.001) (Table 2). According to the 
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participants’ reports, 91.2% was planning to take the central 
dental specialty exam before the Covid-19 pandemic; no sig-
nificant changes were observed on students’ plans during 
the distance education period (p=0.108) (Table 2). No signif-
icant change was observed on students’ (n=96) first choice 
for planned dental specialty during the Covid-19 pandemic, 
which is seen in Table 2 (p=0.094). A small number of students 
who planned to choose invasive clinical practices before the 
pandemic changed their mind to prefer “oral diagnosis and 
maxillofacial radiology” and “orthodontics”.  

The participants reported the fear of getting an infectious 
disease before the pandemic as “not/a little scared” 54.4% 

and “terrified” 1.8%, and fear of transmitting an infectious 
disease as 80.7% and 1.8%, respectively. Significant changes 
were observed on students’ fear about picking up and trans-
mitting an infectious disease during the pandemic (p<0.001) 
(Table 2). The students who were “little scared” off picking 
up an infectious disease before the pandemic, changed their 
mind to “scared” (70.2%) or “terrified” (15.8%). The students 
who were “little scared” off transmitting an infectious dis-
ease before the pandemic, changed their mind to “scared” 
(61.4%) or “terrified” (6.8%).  Furthermore, the students who 
were “scared” for picking up or transmitting an infectious 
disease before the Covid-19 pandemic, changed their mind 
to “terrified” in percentages 46.0% and 25.0%; respectively. 

Of all students, 12.3% (n=14) stated that they didn’t have 
chosen dentistry by her/himself willingly; 1.8% stated that 
they were “not satisfied” at all, 3.5% “not glad”, 18.4%, “unde-
cided”, 46.5% “glad”, 29.8% “very glad” to be a dentist before 
the Covid-19 pandemic. Significant changes were observed 
on students’ satisfaction levels about their profession during 
the first year of the Covid-19 pandemic (p<0.001) (Table 2). 
Twenty-eight of 53 “glad” students and 3 of 34 “very glad” 
students turned to be undecided in this period related to 
their profession. Seven out of 9 “undecided” students before 
the pandemic, decided “not to work as a dentist” during the 
distance education period with a statistically unsignificant 
change (p=0.330, Table 2).  

The responses of the students showed that 107 of the par-
ticipants (93.9 %) projected some changes in dental profes-
sion due to Covid-19 pandemic. Among the students, 60.5% 
thought that the “preventive dentistry” issues were ade-
quately covered in the dental curriculum before Covid-19 
pandemic and 28 (24.6%) were not. Also, 58.8% of the stu-
dents recommended that the intensity of “preventive den-
tistry” issues included in the dental curriculum during and 
after the Covid-19 outbreak should be increased. Among the 
students who recommended an increase, 40.3% previously 
used to believe that the “preventive dentistry” issues have 
been adequately covered. Already, it was found that 39.1% 
among the students previously believed that the “preven-
tive dentistry” issues were adequately covered in the dental 
curriculum changed their mind into need for increase. In the 
same vein, 99 participants (86.8%) thought that the place 
and importance of “preventive dentistry” would gain even 
more prominence in dental profession due to Covid-19 pan-
demic (Table 3). 

Discussion

During the first year of the Covid-19 pandemic period, 
there were several factors such as the social restrictions, 
prohibitions, quarantine processes, lockdowns, and disrup-
tion of face-to-face education etc. that may influence the 
professional views and psychological states of the students. 
When countries first entered lockdown phase, universities 
were at the beginning of the spring semester, in Turkey. In 
dental schools, students both in their pre-clinical and clinical 
years had transitioned to online courses and examinations. 
Fourth- and fifth-year students could not continue the clin-
ical trainings and faced with further concerns about their 
career. Especially, for fifth year senior students, the unclarity 
related to graduation, interrupted face-to-face activities, un-

Table 1: Some characteristics of the participants (Ankara-Turkiye, 
2020).

Characteristics 
(n=114)

n %

Sex

Female 83 72.8

Male 31 27.2

Age 

X±SD=23.7±1.03; Median: 23.5; 1. Quartile: 23; 3. Quartile: 24; 
Min.: 22, Max.: 28

Accommodation in this period

Foreign student, 
home country

1 0.9

Foreign student, 
stated in Ankara

9 7.9

Turkish student, 
at family home in 
Ankara

45 39.5

Turkish student, at 
family home out of 
Ankara

52 45.6

Turkish student, 
stated in Ankara

7 6.1

Having a chronic/systemic disease

No 94 82.5

Yes 20 17.5

Depression status according to DASS 21†

Normal (<9) 78 68.4

More than normal 
range

36 31.6

Anxiety status according to DASS 21†

Normal (<7) 93 81.6

More than normal 
range

21 18.4

Stress status according to DASS 21†

Normal (<14) 99 86.8

More than normal 
range

15 13.2

 † Severity ranking scores according to DASS‐42 (14). DASS‐21 mean 
scores are doubled to calculate severity ranking: Depression: normal = 0‐9. 
Anxiety: normal = 0‐7. Stress: normal = 0‐14.
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Table 2: Distribution of students’ views about their professional motivation and perceptions before and in the distance education period during 
pandemic (Ankara-Turkiye, 2020). 

Views

In the distance education period during pandemic (n, %†)

Before Covid-19 
pandemic (n, %‡)

Persistent on 
previous idea

Changed 
previous idea

p*

Career plans n=114 (100.0) n=78 (68.4) n=38 (31.6) <0.001

Being an academician 51 (44.7) 33 (64.7) 18 (35.3)

Working in a private practice 38 (33.3) 29 (76.4) 9 (23.6)

Working in a public dental hospital 7 (6.1) 4 (57.1) 3 (62.9)

Undecided 18 (15.8) 12 (66.7) 6 (33.3)

Plans for taking central dental specialty exam n=114 (100.0) n=101 (88.6) n=13 (13.4) 0.108

No 3 (2.6) 2 (66.7) 1 (33.3)

Yes 104 (91.2) 96 (92.3) 8 (7.7)

Undecided 7 (6.1) 3 (42.9) 4 (57.1)

Planned first choice dental specialty n=96¶ (100.0) n=84 (73.7) n=12 (26.3) 0.094

Oral and maxillofacial surgery 23 (24.0) 20 (87.0) 3 (13.0)

Oral diagnosis and maxillofacial radiology 2 (2.1) 2 (100.0) 0 (0.0)

Endodontics 2 (2.1) 2 (100.0) 0 (0.0)

Orthodontics 10 (10.4) 9 (90.0) 1 (10.0)

Pediatric Dentistry 18 (18.8) 15 (83.3) 3 (16.7)

Periodontics 13 (13.5) 9 (69.2) 4 (30.8)

Prosthodontics 12 (12.5) 11 (91.7) 1 (8.3)

Restorative Dentistry 9 (9.4) 9 (100.0) 0 (0.0)

Undecided 7 (7.2) 7 (100.0) 0 (0.0)

Fear from getting an infectious disease n=114 (100.0) n=36 (31.6) n=78 (68.4) <0.001

Not scared 5 (4.4) 1 (20.0) 4 (80.0)

A little scared 57 (50.0) 8 (14.0) 49 (86.0)

Scared 50 (43.9) 26 (52.0) 24 (48.0)

Terrified 2 (1.8) 1 (50.0) 1 (50.0)

Fear of transmitting the infectious disease n=114 (100.0) n=38 (33.3) n=76 (66.7) <0.001

Not scared 48 (42.1) 8 (16.7) 40 (83.3)

A little scared 44 (38.6) 14 (31.8) 30 (68.2)

Scared 20 (17.5) 14 (70.0) 6 (30.0)

Terrified 2 (1.8) 2 (100.0) 0 (0.0)

Satisfaction about being a dentist n=114 (100.0) n=60 (52.6) n=54 (47.4) <0.001

Not satisfied at all 2 (1.8) 2 (100.0) 0 (0.0)

Not glad 4 (3.5) 2 (50.0) 2 (50.0)

Undecided 21 (18.4) 12 (57.1) 9 (42.9)

Glad 53 (46.5) 28 (52.8) 25 (47.2)

Very glad 34 (29.8) 16 (47.1) 18 (52.9)

Thinking not practicing the dentistry after 
graduation

n=114 (100.0) n=82 (71.9) n=32 (28.1) 0.330

No 95 (83.3) 81 (85.3) 14 (14.7)

Yes 10 (8.8) 1 (10.0) 9 (90.0)

Not sure 9 (7.9) 0 (0.0) 9 (100.0)
†Row percentage ‡ Column percentage ¶Before the Covid-19, 104 students were planning to take the exam, while 99 were planning after the pandemic; 96 is 
the number of students who were planning in both periods. *Marginal Homogeneity-test
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fulfilled clinical courses and infection concerns were all ex-
pected to influence their professional views and psycholog-
ical health (15). Based on these facts, this study was carried 
out to evaluate the professional motivations and percep-
tions of the senior dental students in the online education 
period during the first year of Covid-19 pandemic. It was re-
vealed that the pandemic has influenced the students’ views 
about their profession and career plans to some extend and 
it is crucial to make some provisions/revisions in dental edu-
cation for being able to meet the current requirements both 
for students and dental public health aspects. 

Distress is defined as “a set of painful mental and physi-
cal symptoms that are associated with normal fluctuations 
of mood in most people. In some cases, however, it is as-
sessed by as putative self-report measures of depression 
and anxiety” (16). In this study, the depression, anxiety and 
stress status of the students were evaluated with DASS-21. 
The study was carried out, almost at the end of spring se-
mester, 3 months after the detection of first Covid-19 case 
in the country. This certain period was chosen for revealing 
the status in a more stabilized online education and moder-
ately normalized-controlled social life period rather than an 
acute condition. According to the findings of DASS-21, the 
distress levels of the students might be affected negatively 
due to the pandemic. However, it’s impossible to know the 
influence of pandemic on the participants’ psychological 
status for certain, since their previous distress levels were 
something of a puzzle. The results of our study are in line 
with previous findings. Ozdede et al. (17) reported that the 

pre-clinical and clinical dental students in Pamukkale Uni-
versity/Turkey were anxious about Covid-19 evaluated with 
State-Trait-Anxiety-Inventory (STAI) scales. Hakami et al. (18) 
from Saudi Arabia reported elevated depression, anxiety 
and stress among first-to-fifth-year dental students by using 
DASS-21. Consolo et al. (19) reported an anxiety rate of 10.3% 
among the dentists in Northern Italy using Generalized Anx-
iety Disorder-7 (GAD-7) scale. Generali et al. (20) evaluated 
the psychological impact of Covid-19 on dental students in 
Emilia‐Romagna, the fifth most affected region of Italy by the 
pandemic, and found that 6.5% of dental students showed 
symptoms related to high levels of anxiety. Chakraborty et 
al. (21) conducted a study to screen the depression levels of 
the dental students and practitioners during the Covid-19 
lockdown. They reported a high level of depression among a 
significant number of dental students and practitioners and 
highlighted the importance of addressing the mental health 
needs of these groups during and after the pandemic. The 
findings of our study are consistent with those reported by 
the mentioned studies. 

The pandemic may have a serious influence on the profes-
sional views and career plans of students at the pre-gradua-
tion stage. They might have changed their plans due to the 
lack of their motivation and felt a fear of challenges caused 
by the Covid-19 crisis they would have to face unpreparedly. 
Garcia et al. (22) reported that 11.5% of dental and dental 
hygiene students have changed their career plans regarding 
the limited employment opportunities, long-term stability 
of the dental profession, and the interruptions to clinical 
education and licensure examinations since the Covid-19 
outbreak. Consolo et al. (19) stated that the majority of 
dentists (89.6%) reported concerns about their profession-
al future and the hope for economic measures to help den-
tal practitioners. Agius et al. (23) stated the dental students 
greatly felt fear of losing their manual dexterity skills and 
experienced anxiety related to its consequences on their 
long-term plans. In the present study, the results showed 
that 66.7% of the students continued to be “undecided” for 
their career plans after the graduation, while students who 
previously planned to be an academician, to work in a pri-
vate practice, to work in a public dental hospital changed 
their minds as “undecided” in different proportions (21.6%, 
15.8% and 42.9%; respectively) due to pandemics. Besides, 
it is noteworthy that students who were planning to attend 
pediatric dentistry and periodontology specialty programs 
before pandemic, changed their ideas towards oral diagno-
sis and maxillofacial radiology or orthodontics programs, 
which might be categorized as minimal invasive/non-inva-
sive branches. The loss of motivation, the demand in less 
invasive and physical contact clinical applications, infection 
fear and uncertainty about the post-pandemic clinical regu-
lations on profession might be speculated as the reasons for 
these findings. 

Among healthcare professionals, dentists have a great 
risk of getting infected due to close contact with patients. 
For infection prevention in dental settings, there is a need 
to improve understanding of dental healthcare personnel 
about the basic principles and the use of checklists, policies, 
and practices about prevention (10, 24). Adeel Ahmed et 
al. (10) reported that 87.0% of the dental care professionals 
were afraid of getting infected from a patient/co-worker and 

Table 3: The distribution of the students’ views about the place and 
importance of “preventive dentistry” in dental education and 
profession (Ankara-Turkiye, 2020). 

Views (n=114) n %

Thinking any change occurrence in dental profession due to 
Covid-19 pandemic

No 4 3.5

Yes 107 93.9

Undecided 3 2.6

Thinking the “preventive dentistry” issues were adequately 
covered in the dental curriculum before Covid-19 pandemic

No 28 24.6

Yes 69 60.5

Undecided 17 14.9

The intensity of “preventive dentistry” issues included in the 
dental curriculum during and after the Covid-19 pandemic

Should be increased 67 58.8

Should be the same 35 30.7

Should be decreased 6 5.3

No idea 6 5.3

Thinking the place and importance of “preventive dentistry” 
would gain even more prominence in dental profession due to 
Covid-19 pandemic

No 11 9.6

Yes 99 86.8

Undecided 4 3.5
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90.0% were anxious while providing a treatment. This is par-
allel with our results that showed 89.4% of the students were 
scared or terrified of getting infection. The percentages of 
“not scared/a little scared” were more than the half (54.4%) 
before the pandemic. This result might be caused with the 
thought of performing procedures under approved, safe 
and adequate protection measures. On the other hand, 
these former views might be arisen from the thought of 
“nothing happens to me”, which supports the need for revi-
sion of dental students’ knowledge related to infection con-
trol. Furthermore, the percentages of “scared/terrified” for 
the fear of transmitting an infectious disease to the patients 
were 19.3% before the pandemic, and increased to 62.3% 
with the pandemic. The significant increase in these groups 
might be caused by the negative influence of Covid-19 dis-
ease on students. The unexpected Covid-19 disease may 
have prompted an awakening of the participants about the 
risks associated with the dental profession. In addition, while 
57.1% of “undecided” students about their satisfaction with 
being a dentist before the pandemic remained their inde-
cisiveness, 39.6% of “glad” and 8.8% of “very glad” students 
being a dentist changed their mind as “undecided” due to 
pandemic. This inconstancy about job satisfaction might 
brought along a loss of motivation. Furthermore, 14.7% of 
the students who intend to pursue the dentistry profes-
sion after graduation decided not to work as dentist during 
Covid-19 pandemic. 

Preventive dentistry prioritizes protection and it is import-
ant to handle infectious diseases in terms of oral health. In 
this study, it was found that 39.1% among the students pre-
viously believed that the “preventive dentistry” issues were 
adequately covered in the dental curriculum changed their 
mind in “to be increased”. This finding make think that some 
of the students who previously believed that the “preventive 
dentistry” issues were adequately covered in the dental cur-
riculum, found some deficiencies and changed their mind 
during the Covid-19 pandemic. The increasing interest, the 
thought of “preventive dentistry will gain importance after 
the Covid-19 outbreak”, in preventive branches could pre-
vent tooth loss and reduce the need for many aggressive 
treatments that create a source of infection with aerosol me-
dia. Furthermore, 93.9% (n=107) of the students reported 
that some changes would take place in dental professional 
practice after the pandemic as an obvious result due to in-
creased awareness. 

In order to make it clear, it is very important to pay atten-
tion to the limitations of the study. Firstly, the possibility of 
the negative influence on students’ motivation and physio-
logical status was evaluated via an online questionnaire and 
scale, but their status before the pandemic is not known, 
which is a critical point to interpret the relation about the 
pandemic. Also, it should not be forgotten that, the current 
findings just reflect the feelings and thoughts of the stu-
dents in the early stage of the Covid 19 pandemic; and the 
results might have changed nowadays. Additionally, due 
to the nature of the study plan, the presented results were 
gathered from only one faculty which limits the generaliz-
ability of the findings for all senior dentistry students, who 
continued their education under different conditions.

As a consequence, the motivation loss and distress signs 
were observed in senior dental students. The ravages of 

pandemic on young dentist candidates who are at the be-
ginning of their careers, is concerning. This negative influ-
ence might continue and increase due to the prolonged 
time of pandemic and exhaustion caused by this period. In 
any case, universities and education leaders should regu-
larly update their students on what the future can bring in 
terms of courses or programs without forgetting the impor-
tance of social support (25). The necessary efforts should be 
made by universities to help students stay in good mental 
and physical health (26). On the other hand, even after the 
Covid 19 pandemic ends, similar pandemics could be likely 
experienced in the future. Therefore, by taking lessons from 
the current trouble, academic members and administrators 
should take on responsibility to revise dental education and 
dental health service concepts to meet the current require-
ments and to be prepared for future crises.

Conclusion

The distress levels of the included students highlight the 
need for crisis-oriented psychological support programs for 
dentistry students during Covid-19 pandemic involving in-
stitutional counseling services. Dentistry faculties need to 
revise their education and infection protocols for senior stu-
dents; so that they can assemble their education completely, 
achieve professional self-confidence as well as competence 
to manage oral health services that can meet the latest 
needs hereupon the Covid-19 pandemic without deteriora-
tion on their motivation and perceptions. In terms of “Pre-
ventive Dentistry” issues, some improvements are expected 
to be driven from the actual emergency situation, both for 
dental education and dental health service aspects.

Türkçe Özet: Kovid-19 pandemisinin birinci yılında uzaktan eğitim döne-
minde diş hekimliği öğrencilerinin mesleki motivasyonları ve algıları. Amaç: 
Diş hekimliği öğrencileri, Koronavirus-19 (Kovid-19) pandemisinin erken 
döneminde küresel ölçekte yaşanan durumlardan etkilenmeye özellikle 
daha meyillidir. Bu çalışmanın amacı, son sınıf diş hekimliği öğrencilerinin 
pandemiye bağlı uzaktan eğitim döneminde mesleki motivasyonlarını ve 
algılarını değerlendirmektir. Gereç ve Yöntem: Veriler, öğrencilerin mesleki 
motivasyonları ve algıları ile koruyucu diş hekimliği hakkındaki görüşleri 
ile ilgili soruları içeren çevrimiçi bir anket aracılığıyla toplanmıştır. Sıkıntı 
düzeylerini belirlemek için Depresyon Anksiyete Stres Ölçeği (DASÖ)-21’in 
Türkçe versiyonu kullanılmıştır. İstatistiksel analiz olarak tanımlayıcı istatis-
tikler ve marjinal homojenlik testi kullanılmıştır. Bulgular: Araştırmaya 
yaş ortalaması 23,7±1,03 olan toplam 114 (83 kadın, 31 erkek) öğrenci 
katılmıştır. Öğrencilerin Kovid-19 pandemisi sırasında kariyer planlarında 
(p<0,001); bulaşıcı hastalıklara yakalanma ve bulaşıcı hastalıkları bu-
laştırma korkularında (p<0,001); ve mesleklerinden memnuniyetlerinde 
(p<0,001) istatistiksel olarak anlamlı değişiklikler gözlenmiştir. Katılımcılar-
da motivasyon kaybı tespit edilmiştir. Sonuç: Öğrencilerin, mesleki moti-
vasyon ve algılarında bozulma olmadan, güncel ihtiyaçları karşılayabilecek 
ağız sağlığı hizmeti verebilecek yeterlilikte olmaları ve mesleki özgüvenleri-
ni kazanmaları için diş hekimliği eğitiminde acilen revizyona ihtiyaç vardır. 
Öğrencilere kriz odaklı psikolojik destek programları sunulmalıdır. Hem diş 
hekimliği eğitimi, hem de ağız ve diş sağlığı hizmetleri açısından koruyucu 
diş hekimliği konularında bazı iyileştirmeler yapılandırılmalıdır. Anahtar 
Kelimeler: Kovid-19, diş hekimliği öğrencileri, uzaktan eğitim, motivasyon, 
koruyucu diş hekimliği.
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Cone beam computed tomography evaluation of sphenoid 
sinus in different sagittal skeletal pattern

Purpose
The purpose of this study is to explore sphenoid sinus variations in individuals 
with various sagittal skeletal anomalies using cone-beam computed tomography 
(CBCT).

Materials and Methods
We retrospectively analyzed sphenoid sinus pneumatization on CBCT images of 126 
patients aged 18–86 years. The anteroposterior skeletal relationships of the maxilla 
and mandible were classified as skeletal class I, II or III using the A point–nasion–B 
point (ANB) angle measured in the sagittal plane. The extensions of the sphenoid 
sinus were evaluated on three planes including axial, sagittal and coronal sections.

Results
The study population consisted of 84 females (66.7%) and 42 males (33.3%), 
including 52 (41.3%) class I, 38 (30.1%) class II, and 36 (28.6%) class III cases. The 
conchal type of sphenoid sinus was not encountered. Presellar sinuses were 
detected in only 3 (5.8%) class I cases. Incomplete sinuses were detected in 16 
(30.8%) class I, 7 (18.4%) class II, and 15 (41.7%) class III cases. Complete sinuses 
were detected in 33 (63.4%) class I, 31 (81.6%) class II, and 21 (58.3%) class III cases. 
Lateral extensions were found in 103 (40.9%) of the 252 sinus walls: 33 (31.7%) in 
class I, 45 (59.2%) in class II, and 25 (34.7%) in class III sinuses.

Conclusion
Regional sphenoid sinus anatomy can be carefully examined via CBCT. The sphenoid 
sinus pneumatization did not differ significantly in patients exhibiting different 
types of sagittal skeletal closure, with the exception of the lesser wing type.

Keywords: Sphenoid sinus, cone beam computed tomography, anatomy, anomalies, 
malocclusions
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Introduction

The sphenoid sinus is the most inaccessible and variable paranasal si-
nus and is in the middle of the cranial base. Several important anatomical 
structures include the optic nerve in the superolateral region, the internal 
carotid artery in the lateral wall, and the vidian nerve at the base surround 
the sinus (1). Pneumatization of the sinus enlarges the natural space ac-
cessible to large cranial base areas. Pneumatization commences in the 
ostia at 6 months, and the posterior, inferior, and lateral progress, and the 
sinus reaches its final size after 14 years (2, 3). The cavernous sinuses sur-
rounding sphenoid sinus laterally, ethmoid air cells anteriorly, the choana 
inferiorly, the clivus posteriorly, planum sphenoidale, and the pituitary 
fossa superiorly. The sinus might exhibit various extents of pneumatiza-
tion, and the size, shape, and pneumatization type vary individually; as 
has been well documented (4, 5-7). Sometimes, pneumatization extends 
into the vomer, occipital, ethmoid, and palatine bones; the anterior and 
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posterior clinoid processes; the lesser and greater wings; 
the clivus; and the pterygoid process and plates (2, 8). Bone 
which covers the vidian, and maxillary nerves and the carot-
id arteries may be thin or even absent. In these cases, these 
structures are under iatrogenic damage depending on the 
pneumatization extent (9).

The extent and direction of sphenoid sinus pneumatiza-
tion is important when planning surgery. The sinus anato-
my and its variations must be well understood. As far as we 
know, no study has yet explored sphenoid sinus variations 
in individuals with various sagittal skeletal anomalies. Here, 
we used cone-beam computed tomography (CBCT) to ex-
plore this topic in individuals of skeletal classes I, II, and III. 
The null hypothesis tested in the present study is that the 
frequencies of sphenoid sinus variations do no differ among 
individuals having different sagittal skeletal patterns. 

Material and Methods

Ethical statement

The Clinical Research Ethical Committee of Atatürk Uni-
versity approved the research protocol on 03/01/2019, with 
protocol number 2019/21 and the work adhered to all rel-
evant principles of the Declaration of Helsinki and amend-
ments and revisions thereof.

Study population

We retrospectively analyzed sphenoid sinus pneumatiza-
tion on CBCT images of 126 patients aged 18–86 years. Only 
high-quality scans revealing the entire sinus were included.

Imaging protocol 

All images were obtained using a NewTom 3G CBCT plat-
form (Quantitative Radiology, Verona, Italy) with scan pa-
rameters: 94 kVp, 14 mA, and 27 s.  In all three planes, images 
were examined (axial, sagittal, and coronal) by a single inves-
tigator (S.Y.) with the aid of Romexis dental software (Plan-
meca, Helsinki, Finland).

Classification of the skeletal pattern and sphenoid sinus 

The anteroposterior skeletal relationships of the maxilla 
and mandible were categorized as skeletal class I, II or III us-
ing the A point (the maxillary bone anterior limit)– nasion 
(nasofrontal suture anterior limit)– B point (the mandibular 
bone anterior limit) (ANB) angle [ANB angle 0–4° (class I), ANB 
angle ˃4° (class II), and ANB angle ˂0° (class III)] measured in 
the sagittal plane. First, the sagittal sections were evaluat-
ed and divided into conchal, presellar, and sellar (complete 
and incomplete) types according to the relationships with 
the anterior and posterior walls of the sellae turcica. In the 
conchal type, pneumatization extended for >10 mm beyond 
the anterior walls of the sellae turcica. In the presellar type, 
pneumatization did not advance above a vertical line com-
mencing at the anterior pituitary fossa wall. In the sellar type, 
pneumatization extended over that line. In the incomplete 
sellar type, pneumatization continued beneath the anterior, 
but not the posterior, wall of the pituitary fossa; in the com-

plete sellar type, pneumatization proceeded past both walls 
(Figure 1). There are four types of pneumatization extension 
into the clivus: occipital, dorsal, subdorsal, and combined 
occipital-dorsal. In the subdorsal type, pneumatization did 
not extend below the vidian canal level or above the sellae’s 
inferior margins. Pneumatization in the dorsal type extend-
ed above a line drawn from the sellae’s floors to the dorsa 
sellae. Pneumatization in the occipital type extended below 
the horizontal plane level between the paired vidian canals’ 
upper edges. The combined occipital–dorsal type indicates 
pneumatization extending from the dorsum top to below 
a horizontal plane along the vidian canals’ the upper edges 
(Figure 2).

Next, the lateral sphenoid sinus extensions were evaluat-
ed on coronal sections. The sinuses were divided into two 
types, those with lateral and those with lesser wings. The 
lateral type was evaluated by reference to the vidian ca-
nal–foramen rotundum (VR) line. The lateral type, in which 
pneumatization extended beyond the VR line, comprised 
three subtypes: greater wing, pterygoid, and fully lateral. 
The greater wing pneumatization extended past the VR 
line; pterygoid pneumatization extended to the pterygoid 
process, and full lateral pneumatization involved both the 
greater wing and pterygoid process. Pneumatization of the 
lesser wing type extended toward the optic arrow and ante-
rior clinoid process (Figure 3).

When sphenoid sinus pneumatization was evaluated on ax-
ial sections, the anterior sinus type exhibited an anterolateral 

Figure 2. a. Dorsal type, b. Subdorsal type, c. Occipital type, d. 
Combined type.. 

Figure 1. a. Presellar type, b. Incomplete Sellar type, c. Complete 
sellar type. 
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protrusion extending past a transverse line drawn through 
the sphenoid crest at the sphenoid sinus side (Figure 4). All 
sphenoid sinuses were evaluated as described above.

Statistical analysis

SPSS (version 20.0) software for Windows (IBM SPSS, Ar-
monk, NY, USA) was used for all statistical analyses. The chi-
squared test was used to assess between-group differences. P 
values less than 0.05 were considered statistically significant.

Results

We retrospectively analyzed CBCT images of 126 patients 
aged 18–86 years (mean 28.71 ± 13.11 years) in terms of 
sphenoid sinus pneumatization. The study population in-
cluded 84 females (66.7%) and 42 males (33.3%), including 
52 (41.3%) class I, 38 (30.1%) class II, and 36 (28.6%) class III 
cases. The conchal type of sphenoid sinus was not encoun-
tered. Presellar sinuses were detected in only 3 (5.8%) class I 
cases. Incomplete sinuses were detected in 16 (30.8%) class 
I, 7 (18.4%) class II, and 15 (41.7%) class III cases. Complete 
sinuses were detected in 33 (63.4%) class I, 31 (81.6%) class II, 
and 21 (58.3%) class III cases (Table 1); 67.4% exhibited clival 
extensions, most commonly the occipital type [23 (69.7%) 
class I, 21 (67.8%) class II, and 15 (71.4%) class III]. Lateral ex-
tensions were found in 103 (40.9%) of the 252 sinus walls: 

33 (31.7%) in class I, 45 (59.2%) in class II, and 25 (34.7%) in 
class III sinuses. Full lateral extensions were most common, 
evident in 16 (48.5%) class I, 28 (62.2%) class II, and 17 (68%) 
class III cases (Table 2). The lesser wing type of pneumati-
zation was in 22 (21.2%) class I, 27 (35.5%) class II, and 10 
(13.9%) class III cases. Significant differences among the 
three sagittal skeletal groups were evident (p ≤ 0.05) in less-
er wing pneumatization. Fifty sinuses (19.8%) were of the 
anterior type, most commonly in class I cases [24 (23.1%)] 
(Table 3). The distribution of the combined type sphenoid si-
nus based on the sagittal skeletal pattern is shown in Table 4.

Figure 3. a. Right full lateral+lesser wing, left greater wing type, 
b. Bilateral pterygoid type, c. Bilateral full lateral type, d. Right 
full lateral, left pterygoid +lesser wing type. 

Figure 4. a, b. Bilateral anterior type, c. Left anterior type. 

Table 1: Distribution of pneumatization types based on the relation 
to anterior and posterior walls of sellae turcica by sagittal skeletal 
pattern.

Pneumatization 
type

Sagittal Skeletal Pattern

Class I Class II Class III

Conchal - - -

Presellar 3 (5.8%) 0 0
Se

lla
r

Incomplete 
sellar

16 (30.8%) 7 (18.4%) 15 (41.7%)

Complete 
sellar

33 (63.4%) 31 (81.6%) 21 (58.3%)

Total 52 (100%) 38 (100%) 36 (100%)

Table 2: Distribution of clival extension in 85 patients and 
distrubition of lateral extension in 103 sinuses by sagittal skeletal 
pattern.

Clival 
extension 
type

Sagittal Skeletal Pattern

Class I Class II Class III

Subdorsal 6 (18.2%) 5 (16.1%) 4 (19%)

Dorsal 2 (6.05%) 0 1 (4.8%)

Occipital 23 (69.7%) 21 (67.8%) 15 (71.4%)

Combined 2 (6.05%) 5 (16.1%) 1 (4.8%)

Total 33 (100%) 31 (100%) 21 (100%)

Lateral 
extension 
type

Class I Class II Class III

Pterygoid 11 (33.3%) 12 (26.7%) 4 (16%)

Greater wing 6 (18.2%) 5 (11,1%) 4 (16%)

Full lateral 16 (48.5%) 28 (62.2%) 17 (68%)

Total 33 (100%) 45 (100%) 25 (100%)

Table 3: Distrubition of lesser wing and anterior type by sagittal 
skeletal pattern.

Sagittal Skeletal Pattern

Class I Class II Class III

Lesser wing type 22 (21.2%) 27 (35.5%) 10 (13.9%)

Anterior type 24 (23.1%) 14 (18.4%) 12 (16.7%)

Total 104 (100%) 76 (100%) 72 (100%)
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Discussion

The sphenoid sinus is the most changeable space in our 
body and is difficult to approach. Modern imaging tech-
niques have improved our understanding of both normal 
and unusual anatomy, rendering surgery safer (10). Sellar 
access is markedly affected by sinus pneumatization, which 
ranges from absent to extensive; bone covering the carotid 
arteries and the optic and vidian nerves may be thin or even 
missing (11, 12). The first transsphenoidal surgery, initially 
performed in 1907, is now standard treatment for the sphe-
noid sinuses and intracranial lesions. Thus, the surgical anat-
omy of the sinus and adjacent regions must be understood 
(13). Sinus pneumatization has been explored by many au-
thors. According to the extent of pneumatization around the 
sellae turcica, Hammer and Radberg (14) classified the sinus 
into sellar, presellar, and conchal types; this classification re-
mains widely used. In recent years, transsphenoidal surgery 
has expanded to regions that bounded sphenoid sinus, such 
as the suprasellar region, middle cranial fossa, planum sphe-
noidale, clivus, cavernous sinus, and suprasellar region (15-
20). Wang et al. (4) developed a new classification based on 
sinus extensions. They divided the sellar type of sphenoid 
sinus into six types including sphenoid body, lateral, clival, 
anterior, lesser wing, and combined type. Presellar sinuses 
were found in 2% of subjects; the conchal type was not en-
countered. The lowest prevalence observed from the sellar 
sinuses (98%) was lesser wing type, and the highest preva-
lence was combined type (59.2%). Hiremath et al. (21) clas-
sified the sphenoid sinus into conchal, presellar, and sellar 
(complete and incomplete) types based on the relationships 
of the sinus to the anterior and posterior walls of the sellae 
turcica, and classified clivus pneumatization as subdorsal, 
dorsal, occipital, or combined based on the relationships 
with the posterior wall, the sellae floors, and the vidian canal. 
The sellar (incomplete and complete), conchal and presellar 
types were found in 98.8% (22.2, and 76.6), 0, 1.2 of patients. 

El-Kammash et al. (22) radiologically examined 182 cases; 
3 (1.6%) evidenced conchal, 23 (12.6%) presellar, and 156 
(85.7%) sellar pneumatization. On sagittal sections, we found 
that the sellar type was the most common (97.6%), in line 
with previous studies (1, 21-25). We did not encounter the 
conchal type, whose prevalence has been reported as 1–2% 
in previous studies of Caucasian and East Asian populations 
(4, 23, 24, 26, 27). We found presellar type sinuses in only 3 
(5.8%) class I patients. Incomplete sinuses were detected in 
16 (30.8%) class I, 7 (18.4%) class II, and 15 (41.7%) class III 
patients. Complete sinuses were detected in 33 (63.4%) class 
I, 31 (81.6%) class II, and 21 (58.3%) class III patients; these 
differences were not significant.

Wang et al. (4) classified posterior sinus pneumatization 
into dorsum, subdorsum, occipital, and dorsum–occipital 
types; the respective frequencies were 23.5, 63.2, 1.5, and 
11.8%; the figures reported by Lu et al. (24) were 12.4, 71.9, 
14.6, and 1.1%, and those by El-Kammash et al. (22) 7, 4, 3.5, 
and 5.7%. Hiremath et al. (21) reported that the subdorsal 
type was the most common (65%), followed by the dorsal 
(4%), combined (3.8%), and occipital types (3.8%). We found 
clival extensions in 65.7% of sinuses; the most common form 
was occipital [59 (46.8%) cases: 23 (69.7%) class I, 21 (67.8%) 
class II, and 15 (71.4%) class III] in contrast to previous stud-
ies. The differences were not significant.

Wang et al. (4) found lateral extensions in 92 (46%) of 200 
sinus walls, including full lateral type in 71 (77%), the greater 
wing type in 11 (12%), and the pterygoid type in 10 (11%).

We found lateral extensions in 103 (40.9%) of 252 sinus walls: 
33 (31.7%) in class I, 45 (59.2%) in class II, and 25 (34.7%) in 
class III cases. The full lateral extension was the most observed 
type in this study, as in that by Wang et al. (4). The prevalence 
of pneumatization of the greater wings or the pterygoid pro-
cess ranged from 0 to 20% in the works of Idowu et al. (28), 
Hewaidi and Omami (29), and from 30 to 40% in the reports 
by Hewaidi and Omami (29), Sirikci et al. (30), and Kazkayasi 
et al. (31). El-Kammash et al. (22) found lateral extensions in 
29.5% of all cases: greater wing type in 5.1%, full lateral type 
in 6.4%, and pterygoid type in 18%. Hiremath et al. (21) found 
the lesser wing type of pneumatization in 20.4% of all sinuses 
examined; the figure reported by El-Kammash et al. (22) was 
7%. We detected the lesser wing type of pneumatization in 22 
(21.2%) class I, 27 (35.5%) class II, and 10 (13.9%) class III cases; 
these frequencies differed significantly (p<0.05).

Most of the sphenoid sinus front wall is located behind 
the nasal turbinate, the ethmoidal air cells, and the sphe-
noid crest, the foremost part of the sinus. The anterior type 
of sinus features an anterolateral protrusion that advances 
above a transverse line drawn through the sphenoid crest 
on the side of the sinus (4). We found that 50 (19.8%) sinuses 
were of the anterior type, most commonly in class I cases 
(24; 23.1%). No significant among-group differences were 
evident. Wang et al. (4) found anterior type sinuses in 24 
(12%) of 200 sides examined on 100 CT images. El-Kammash 
et al. (22) found such sinuses in 10 of 156 cases (6.4%) of sel-
lar pneumatization.

Conclusion

A highly pneumatized sphenoid sinus may disrupt the 
normal anatomical configuration. Anatomical sinus varia-

Table 4: Distrubition of combined type by sagittal skeletal pattern.

Combined type
Sagittal Skeletal Pattern

Class I Class II Class III

Lesser wing+anterior 0 1 0

Lateral+anterior 2 0 2

Lateral+lesser wing 0 0 1

Clival+anterior 4 2 4

Clival+lesser wing 6 4 2

Clival+lesser 
wing+anterior

2 3 0

Clival+lateral 10 17 10

Clival+lateral+anterior 8 6 3

Clival+lateral+lesser wing 9 17 4

Clival+lateral+lesser 
wing+anterior

2 1 0
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tions may render symptoms complex and cause potentially 
serious complications, such as injury to adjacent structures 
or cerebrospinal fluid leakage. Therefore, regional sphe-
noid sinus anatomy can be carefully examined via CBCT. We 
found that sphenoid sinus pneumatization did not differ 
significantly in patients exhibiting different types of sagittal 
skeletal closure, with the exception of the lesser wing type.

Türkçe özet: Farklı sagital iskeletsel paternlerde sfenoid sinüsün konik 
ışınlı bilgisayarlı tomografi ile değerlendirilmesi. Amaç: Bu çalışmanın 
amacı, çeşitli sagital iskelet anomalileri olan bireylerde sfenoid sinüs 
varyasyonlarını konik ışınlı bilgisayarlı tomografi (KIBT) kullanarak 
araştırmaktır. Gereç ve Yöntem: Yaşları 18-86 arasında değişen 126 
hastanın KIBT görüntülerinde sfenoid sinüs pnömatizasyonunu geriye 
dönük olarak analiz ettik. Maksilla ve mandibulanın ön-arka iskelet 
ilişkileri, sagital düzlemde ölçülen A noktası-nasion-B noktası (ANB) 
açısı kullanılarak iskeletsel sınıf I, II veya III olarak sınıflandırıldı. Sfenoid 
sinüsün uzantıları aksiyel, sagital ve koronal olmak üzere üç düzlemde 
değerlendirildi. Bulgular: Çalışma popülasyonu 52 (%41,3) sınıf I, 38 
(%30,1) sınıf II ve 36 (%28,6) sınıf III olmak üzere 84 kadın (%66,7) ve 
42 erkek (%33,3) oluşturmuştur. Sfenoid sinüsün konkal tipine rastlan-
madı. Sadece 3 (%5,8) sınıf I olguda presellar sinüs saptandı. 16 (%30,8) 
sınıf I, 7 (%18,4) sınıf II ve 15 (%41,7) sınıf III olguda eksik sinüs saptandı. 
33 (%63,4) sınıf I, 31 (%81,6) sınıf II ve 21 (%58,3) sınıf III olguda tam 
sinüs saptandı. 252 sinüs duvarının 103’ünde (%40,9) lateral uzantı 
saptandı. Bunların oranı Sınıf I›de 33 (%31,7), sınıf II›de 45 (%59,2) ve 
sınıf III sinüslerde 25 (%34,7) olarak belirlendi. Sonuç: Bölgesel sfenoid 
sinüs anatomisi KIBT ile incelenebilir. Sfenoid sinüs pnömatizasyonu, 
küçük kanat tipi hariç, farklı tipte sagital iskelet kapanması sergiley-
en hastalarda önemli ölçüde farklılık göstermedi. Anahtar kelimeler: 
sfenoid sinüs, konik ışınlı bilgisayarlı tomografi, anatomi, anomaliler, 
maloklüzyonlar
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Prevalence and awareness levels of color blindness among 
students of faculty of dentistry and dental prosthesis 
technology program

Purpose
The aim of this study was to evaluate the prevalence and awareness levels of color 
blindness among students in a faculty of dentistry and dental prosthesis technology 
program in two different universities.

Materials and Methods
A survey of awareness of color blindness among 710 students (males: n=271; females: 
n=439) in the faculty of dentistry and dental prosthesis technology program of Gazi 
University and Ankara Medipol University in 2019–2021 was conducted. The color 
vision status of 442 of the students (males; n=155; females: n=287) was assessed 
using an online Ishihara color blindness test. The data obtained were subjected to 
statistical analysis using SPSS.

Results
There was no statistically significant difference in the color blindness scores in 
terms of sex (males: 0.75±0.84; females: 0.64±0.75) (p=0.226). The color blindness 
scores of the dental prosthesis technology students were statistically higher than 
those of the faculty of dentistry students (p=0.028). Education year was significantly 
associated with a compromised ability to identify colors properly (p=0.040). There 
was no statistically significant difference in terms of awareness levels of color 
blindness according to the number of years of education (p>0.005).

Conclusion
In terms of the prevalence of color blindness, 2.2% of faculty of dentistry and dental 
prosthesis technology students had a moderate-to-high level of color blindness. 
Students' awareness of their own color vision status was very low. The educational 
content of faculty of dentistry and dental prosthesis technology programs on color 
blindness should be enriched.

Keywords: Color vision defects, ishihara test, dentistry, dental prosthesis technology, 
awareness
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Introduction

Esthetics play a critical role in achieving patient satisfaction in prosthet-
ic rehabilitation. Expected esthetic results can be achieved with appropri-
ate morphology and color application in the restoration. One of the most 
important goals of prosthetic treatment is for the restoration to be com-
patible with the natural tooth color, especially in fixed and partial teeth or 
implant- supported prostheses.

Color blindness (color vision defects) can affect color perception and 
therefore the ability to achieve color matching (1,2). Color blindness is a 
common color vision anomaly in the population (1,3). Congenital color 
blindness is the result of genetic mutations, which affect cone pigment 
expression in the retina. A color vision anomaly may also be an early sign 
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of eye damage. For example, color vision anomalies may be 
linked to optic nerve abnormalities in the retina or disorders 
in the brain. Diseases, such as cone cell dystrophy and acro-
matopsia, can also cause color blindness (4).

Vision is a psycho-physical phenomenon based on the sen-
sitivity of retinal cones to wavelengths of about 400–700 nm 
in the electromagnetic spectrum (5). Three types of cones 
(red, blue and green) are responsible for spectral sensitivity 
required for color perception in the eye. The absence of any 
one of these three color-receiving cones makes it impossi-
ble to distinguish colors, and color blindness occurs. Prota-
nopia refers to red cone loss and affects the ability to detect 
long-wavelength light. Deuteranopia refers to color blindness 
due to the absence of green cones. The visual spectrum in in-
dividuals with deuteranopia is almost normal due to the pres-
ence of red cones, which detect the color red at long wave-
lengths. Red-green color blindness is a genetic disorder that 
occurs almost exclusively in males. Blue-yellow color blind-
ness is called tritanopia, which is extremely rare (1,5,6). 

The Ishihara test is the most commonly used conventional 
method for detecting color blindness. It provides a rapid and 
accurate assessment of congenital color vision deficiency. 
This test consists of colored cards, which are usually used to 
diagnose red-green color deficiency. It is very important to 
know whether a person is color blind, to identify and inform 
dental workers (dentists and dental technicians) about color 
blindness, to obtain the necessary support for the person’s 
profession, and to pursue a successful career (7).

The aim of this study was to evaluate the prevalence and 
awareness of color blindness among faculty of dentistry 
and dental prosthesis technology students attending a pri-
vate and public university, respectively. The null hypothesis 
of the present study is that faculty of dentistry and dental 
prosthesis technology students will demonstrate low level 
of knowledge about color blindness.

Material and Methods

Ethical statement

This study was approved by the noninterventional clin-
ical research ethics board of Ankara Medipol University 
(74791132-109/311). Written informed consent was ob-
tained from each participant. All the participants included 
were informed about the goals of the study. 

Study questionnaire

A survey of awareness of color blindness was created us-
ing Google Forms. Students in the faculty of dentistry and 
dental prosthesis technology program were then invited to 
participate in the survey via a referral link:

(https://www.color-blindness.com/ishihara_cvd_test/ishi-
hara_cvd_test.html?iframe=true&width=500&height=428). 

Study participants

All voluntarily students in the faculty of dentistry of Gazi 
University, Ankara, Turkey and students in faculty of den-
tistry and dental prosthesis technology program in Ankara 
Medipol University were included as the source popula-

tions of the study. Presence of known color blindness or any 
systemic disease in the past were not used as an exclusion 
criterion. In total, 710 students (males: n = 271; females: n 
= 439) in the faculty of dentistry of Gazi University, Anka-
ra, Turkey (n=544) and students in faculty of dentistry and 
dental prosthesis technology program in Ankara Medipol 
University (n=166), Ankara, Turkey in 2019–2021 completed 
the survey. The survey was completed online to provide a 
subjective evaluation and to eliminate the directives of the 
practitioner during survey.

Color blindess test

The color vision status of 442 of the students (males: n = 
155; females: n = 287) was evaluated using an online Ishi-
hara color blindness test. In the test, 38 plates were shown 
to each of the 442 participants, and the participants were 
asked to detect the numbers and lines on the color plates. 
They were asked to email screenshots of their test results 
to the lead author (A.S.A.). The results of the color blindness 
test were scored on a scale of 0–4, as follows: 0 = none, 1 = 
weak, 2 = mild, 3 = moderate, and 4 = high. 

Statistical analysis 

The data obtained were stratified according to sex, type 
of institution (private or public university), and education 
year (first, second, third, fourth, and fifth). The compliance of 
continuous variables with a normal distribution was tested 
using the Shapiro–Wilk test. Descriptive statistics were used 
to define continuous variables (mean, standard deviation 
(SD), minimum, median, and maximum. For comparisons of 
two independent variables that were not compatible with a 
normal distribution, the Mann–Whitney U test was used. For 
comparisons of more than two independent variables that 
were not compatible with a normal distribution, the Kru-
skal–Wallis test was applied. A chi-square or Fisher’s exact 
test, where appropriate was used to examine the relation-
ship between categorical variables. The statistical signifi-
cance level was set at 0.05. All analyses were performed us-
ing IBM SPSS Statistics for Windows, version 24.0 (IBM Corp., 
Armonk, NY, USA).

Results

There were 643 (90.6%) faculty of dentistry students and 
67 (9.4%) dental prosthesis technology program students 
in different education years. Among the participants, 544 
(76.6%) students were attending Gazi University, and 166 
(23.4%) students were attending Ankara Medipol Univer-
sity. According to the survey, 659 (92.8%) students had no 
systemic diseases, 24 (3.4%) students reported having a 
systemic disease, and 27 (3.8%) students said they had no 
knowledge of whether they had a systemic disease.

Among the participants, 0.2%, 2%, 12.4%, and 36.2% had a 
high, moderate, mild, or weak degree of color blindness, with 
1% of females having a moderate-to-high level of color blind-
ness (Table 1). No color blindness was detected in 49.1% of 
the study population (Table 2). According to the results, 13.3% 
of the participants who stated they were not color blind had a 
mild or moderate degree of color blindness (Table 3).
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There were statistically significant differences in terms of 
the distribution of color blindness according to the educa-
tional institution and education year (p = 0.02 and p = 0.040 
respectively). The average score for color blindness among 
the students in the dental prosthesis technology program 
was statistically significantly higher than that of the students 
in the faculty of dentistry (p = 0.028).

The color blindness scores among education years were 
statistically significant only between second and fifth years 
(p = 0.003). A post-hoc multiple comparison of the color 
blindness scores of other education years revealed no sta-
tistically significant difference in those of first-, third-, and 
fourth-year students. In addition, there was no statistically 
significant association between color blindness scores and 
sex or institution type (i.e., private vs. public) (Table 4). 

There was no statistically significant difference in the 
level of knowledge of about the causes of color blindness 

Table 1: Color blindness score according to gender.

Color 
Blindness

Male Female

n % n %

0 71 45.8 146 50.9

1 58 37.4 102 35.5

2 19 12.3 36 12.5

3 7 4.5 2 0.7

4 0 0.0 1 0.3

Table 2: Average of color blindness score and general questions 
about the color blindness.

mean+SD
Med. 
(Min.-
Max.)

Color Blindness Score 0.68+0.78 1 (0-4)

n %

Color 
Blindness 
Score

0 217 49.1

1 160 36.2

2 55 12.4

3 9 2.0

4 1 0.2

Q10. 
Are You 
Colorblind?

have no information 19 2.7

yes 9 1.3

no 682 96.1

Q11. How 
did you learn 
if you are 
colorblind?

unanswered 682 96.0

my family noticed 3 0.4

during my education 
life

7 1.0

in traffic

other (did not learn) 1 0.1

other (during color 
blindness test)

1 0.1

other (can not 
separate close colors)

1 0.1

other (absent) 15 2.1

Q12. 
Have you 
had a color 
blindness 
test?

yes 283 39.9

do not remember 96 13.5

no
331 46.6

Q16. 
If you have 
information 
about the 
cause of 
your color 
blindness, 
please write 
the reason

unanswered 692 97.5

have no information 2 0.3

genetic 4 0.5

wonder 1 0.1

not color blind 4 0.6

color pigment 
deficiency

1 0.1

absent 6 0.8

Table 2: Continue.

n %

Q18. 
Is there a 
colorblind in 
your family?

unanswered 272 38.3

have no information 40 5.6

yes 28 3.9

no 370 52.1

Q19. 
If there is a 
colorblind in 
your family, 
what is the 
proximity 
degree?

unanswered 673 94.8

1st degree relative 1 0.1

3rd degree relative 3 0.4

mother 2 0.3

grandmother 1 0.1

father 10 1.4

grandfather 3 0.4

brother 5 0.7

cousin 4 0.6

absent 8 1.1

Table 3: Correlation between color blind awareness vs color blind 
score.

Mean±SD Med. (Min.-Max.)

Q10. 
Are You 
Colorblind?

 have no 
information

1+1.4 0 (0-4)

yes 2.8+0.45 3 (2-3)

no 0.65+0.7 1 (0-3)

Color 
Blindness

 have no 
information

yes no

n % n % n %

0 6 54.5 0 0.0 211 49.5

1 2 18.2 0 0.0 158 37.1

2 1 9.1 1 11.1 53 12.4

3 1 9.1 4 44.4 4 0.9

4 1 9.1 0 0.0 0 0.0
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between the faculty of density students and dental pros-
thesis technology program students and no statistically 
significant difference in the level of knowledge accord-
ing to education year. 56.5% of the students in faculty of 
dentistry and 43.3% of the students of collage selected 
genetic causes and acquired eye diseases as the reasons 
for color blindness. Both male and female students con-
sidered their level of knowledge of color blindness to be 
“medium” (Table 5).  

A statistically significantly higher number of faculty of 
dentistry students than students in the dental prosthesis 
technology program considered that color blindness was 
permanent (p = 0.022). More students in the faculty of den-
tistry than in the dental prosthesis technology program re-
sponded positively to the statement “If I had learned that 
I was color blind before choosing dentistry, it would have 
affected my choice of profession” (p = 0.001) (Table 5). The 
vast majority of students, especially third-year students, 
thought that color blindness had important implications 
for professional practice as dentists and dental prosthesis 
technicians, (Table 6). 

The majority of the students were undecided about 
whether increased use of digital technology in dentistry 
would have a positive or negative impact on professional 
skills among practitioners with color vision defects (Table 6). 

Discussion

The null hypothesis of the present study was accepted 
that faculty of dentistry and dental prosthesis technology 
students demonstrated low level of knowledge about col-
or blindness. Color blindness among dental practitioners in 
clinical or laboratory settings has implications for job perfor-
mance. Previous studies showed that individuals who were 
color blind made significantly more errors in terms of hue 
and chroma selection in X test than those with normal vision 
(5,8). Knowledge about the underlying causes and conse-
quences of color blindness can aid career decision making. 
For example, an individual who is color blind and wishes to 
pursue a career in dentistry can select to work as part of a 
team in a clinical or laboratory setting where aesthetic pros-
theses are expected. In addition, the availability of electronic 
shade matching devices, such as like colorimeters, spectro-
photometers, and digital color analyzers, may make it feasi-
ble for color blind individuals to practice dentistry (5).

There are many tests for color blindness. Different color 
blindness test eg. Pseudoisochromatic plates like Ishihara 
test and Dvorine, Bostrom, AO HRR, Farnsworth-Munsell 100 
Hue Test can be used. However, these tests are not common 
because of its expense and need for performing by a by a 
specialist (5). So, in our study, the Ishihara test were used to 
screen for color blindness. Both the survey and Ishihara color 

Table 4: Correlation between Color Blind Score vs gender, the year of education and institution type. Mann-Whitney U test1, Kruskal Wallis test2

Color Blindness Score

Mean±SD Med. (Min.-Max.) p

Gender
Male 0.75±0.84 1(0-3)

0.2261

Female 0.64±0.75 0(0-4)

Q5.   In which higher education do 
you study?

Faculty 0.66±0.78 0(0-4)
0.0281

Collage 0.89±0.79 1(0-2)

Q6.  What year of your education 
are you in?

1 0.7±0.82 0.5(0-4)

0.0402

2 0.48±0.65 0(0-3)

3 0.77±0.71 1(0-2)

4 0.69±0.8 1(0-3)

5 0.9±0.85 1(0-3)

Institution Ankara Medipol University 0.73±0.76 1(0-2)
0.3541

Gazi University 0.67±0.79 0.5(0-4)

Post-Hoc two way analyses (p1)

Education year Color Blindness Score

1 vs. 2 0.041

1 vs. 3 0.401

1 vs. 4 0.941

1 vs. 5 0.125

2 vs. 3 0.019

2 vs. 4 0.151

2 vs. 5 0.003

3 vs. 4 0.425

3 vs. 5 0.571

4 vs. 5 0.185
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Table 5: Questions about knowledge level of color blindness.

Faculty College

n % n % p

Q9. Do you have any 
information about what is 
color blindness?

 have no information 17 2.6 2 3.0

0.224yes 607 94.4 60 89.6

no 19 3.0 5 7.5

Q12. Have you had a color 
blindness test?

yes 255 39.7 28 41.8

0.309do not remember 91 14.2 5 7.5

no 297 46.2 34 50.7

Q13. Indicate your level of 
knowledge about the reasons 
of color blindness

very low 38 5.9 3 4.5

0.765

very high 8 1.2 0 0.0

low 119 18.5 15 22.4

medium 378 58.8 37 55.2

absent 23 3.6 4 6.0

high 77 12.0 8 11.9

Q14. What are the causes of 
color blindness?

brain injuries 5 0.8 0 0.0

0.055

have no information 2 0.3 0 0.0

have no information maybe genetic 1 0.2 0 0.0

genetic 467 72.6 37 55.2

know it’s related to the receptors in the eye 1 0.2 0 0.0

all of them 1 0.2 0 0.0

acquired eye diseases 162 25.2 29 43.3

color blindness can occur due to the lack 
of pigment in photoreceptor cells and the 
failure of these cells to function properly

1 0.2 0 0.0

there is no reason 0 0.0 1 1.5

age 3 0.5 0 0.0

Q15. If you know you are 
color blind do you have any 
information about the cause 
of color blindness of you?

unanswered 239 37.2 33 49.3

0.151have information 52 8.1 4 6.0

have no information 352 54.7 30 44.8

Q17. Is color blindness 
genetic?

unanswered 239 37.2 33 49.3

0.192

yes 288 44.8 19 28.4

no 4 0.6 1 1.5

indecisive 36 5.6 4 6.0

definitely yes 75 11.7 10 14.9

definitely no 1 0.2 0 0.0

Q20. Is color blindness 
permanent or temporary?

unanswered 239 37.2 33 49.3

0.022

it is temporary 1 0.2 1 1.5

it is permanent 288 44.8 18 26.9

indecisive 57 8.9 8 11.9

it is absolutely permanent 58 9.0 7 10.4

Q21. Do you think color 
blindness has professional 
importance for dentists / 
dental prosthetic technicians?

unanswered 239 37.2 33 49.3

0.464

yes 199 30.9 17 25.4

no 24 3.7 2 3.0

indecisive 71 11.0 4 6.0

definitely yes 109 17.0 11 16.4

definitely no 1 0.2 0 0.0
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Table 5: Continue.

Faculty College

n % n % p

Q22. If you are color blind do 
you think it will affect your 
professional success?

 unanswered 239 37.2 33 49.3

0.213

yes 189 29.4 16 23.9

no 50 7.8 3 4.5

indecisive 105 16.3 6 9.0

definitely yes 55 8.6 8 11.9

definitely no 5 0.8 1 1.5

Q23. Do you think the 
increasing use of digital 
dentistry will increase the 
effect of color blindness 
on professional skills in a 
negative way?

 unanswered 239 37.2 33 49.3

0.117

yes 147 22.9 11 16.4

no 68 10.6 3 4.5

indecisive 154 24.0 13 19.4

definitely yes 30 4.7 6 9.0

definitely no 5 0.8 1 1.5

Q24. If you had learned that 
you are colorblind before 
choosing your profession, 
would it affect your choice of 
profession?

unanswered  239 37.2 33 49.3

<0.001

yes 113 17.6 11 16.4

no 114 17.7 6 9.0

indecisive 132 20.5 6 9.0

definitely yes 26 4.0 10 14.9

definitely no 19 3.0 1 1.5

Tablo 6: Questions about the effect of color blindness on profession.

1st class 2nd class 3rd class 4th class 5th class p

n % n % n % n % n %

Q9. Do you have any information 
about what is color blindness?

have no information 9 2.9 5 3.8 2 2.5 2 1.7 1 1.3

0.554yes 290 94.8 122 91.7 74 93.7 107 92.2 74 97.4

no 7 2.3 6 4.5 3 3.8 7 6.0 1 1.3

Q12. Have you had a color 
blindness test?

yes 117 38.2 51 38.3 35 44.3 46 39.7 34 44.7

0.878do not remember 47 15.4 15 11.3 11 13.9 14 12.1 9 11.8

no 142 46.4 67 50.4 33 41.8 56 48.3 33 43.4

Q13. Indicate your level of 
knowledge about the reasons of 
color blindness

very low 16 5.2 7 5.3 2 2.5 8 6.9 8 10.5

0.466

very high 4 1.3 0 0.0 1 1.3 2 1.7 1 1.3

low 53 17.3 25 18.8 22 27.8 23 19.8 11 14.5

medium 180 58.8 78 58.6 41 51.9 68 58.6 48 63.2

absent 14 4.6 3 2.3 4 5.1 2 1.7 4 5.3

high 39 12.7 20 15.0 9 11.4 13 11.2 4 5.3

Q14. What are the causes of color 
blindness?

brain injuries 5 1.6 0 0.0 0 0.0 0 0.0 0 0.0

0.417

have no information 1 0.3 0 0.0 1 1.3 0 0.0 0 0.0

have no information 
maybe genetic

0 0.0 0 0.0 0 0.0 0 0.0 1 1.3

genetic 217 70.9 103 77.4 53 67.1 77 66.4 54 71.1

know it’s related to the 
receptors in the eye

1 0.3 0 0.0 0 0.0 0 0.0 0 0.0

all of them 0 0.0 0 0.0 0 0.0 1 0.9 0 0.0

acquired eye diseases 80 26.1 29 21.8 25 31.6 36 31.0 21 27.6
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Tablo 6: Continue.

1st class 2nd class 3rd class 4th class 5th class p

n % n % n % n % n %

Q14. What are the causes of color 
blindness?

color blindness can 
occur due to the 
lack of pigment in 
photoreceptor cells and 
the failure of these cells 
to function properly

0 0.0 0 0.0 0 0.0 1 0.9 0 0.0

0.417

there is no reason 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0

age 1 0.3 1 0.8 0 0.0 1 0.9 0 0.0

Q15. If you know you are 
color blind do you have any 
information about the cause of 
color blindness of you?

 unanswered 109 35.6 45 33.8 34 43.0 50 43.1 34 44.7

0.258have information 22 7.2 11 8.3 5 6.3 14 12.1 4 5.3

have no information 175 57.2 77 57.9 40 50.6 52 44.8 38 50.0

Q17. Is color blindness genetic?

unanswered 109 35.6 45 33.8 34 43.0 50 43.1 34 44.7

0.811

yes 135 44.1 66 49.6 33 41,8 45 38,8 28 36,8

no 2 0.7 0 0.0 0 0.0 2 1.7 1 1.3

indecisive 17 5.6 5 3.8 5 6.3 8 6.9 5 6.6

definitely yes 42 13.7 17 12.8 7 8.9 11 9.5 8 10.5

definitely no 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0

Q20. Is color blindness 
permanent or temporary?

unanswered  109 35.6 45 33.8 34 43.0 50 43.1 34 44.7

0.799

it is temporary 2 0.7 0 0.0 0 0.0 0 0.0 0 0.0

it is permanent 133 43.5 63 47.4 32 40.5 50 43.1 28 36.8

indecisive 34 11.1 12 9.0 7 8.9 6 5.2 6 7.9

it is absolutely 
permanent

28 9.2 13 9.8 6 7.6 10 8.6 8 10.5

Q21. Do you think color 
blindness has professional 
importance for dentists / dental 
prosthetic technicians?

 unanswered 109 35.6 45 33.8 34 43.0 50 43.1 34 44,7

0.013

yes 101 33.0 34 25.6 28 35.4 35 30.2 18 23.7

no 7 2.3 5 3.8 2 2.5 7 6.0 5 6.6

indecisive 46 15.0 13 9.8 4 5.1 8 6.9 4 5.3

definitely yes 42 13.7 36 27.1 11 13.9 16 13.8 15 19.7

definitely no 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0

Q22. If you are color blind do 
you think ıt will affect your 
professional success?

 unanswered 109 35.6 45 33.8 34 43.0 50 43.1 34 44.7

0.181

yes 93 30.4 35 26.3 23 29.1 31 26.7 23 30.3

no 20 6.5 8 6.0 5 6.3 14 12.1 6 7.9

indecisive 58 19.0 22 16.5 12 15.2 12 10.3 7 9.2

definitely yes 23 7.5 21 15.8 5 6.3 8 6.9 6 7.9

definitely no 3 1.0 2 1.5 0 0.0 1 0.9 0 0.0

Q23. Do you think the increasing 
use of digital dentistry will 
increase the effect of color 
blindness on professional skills 
in a negative way?

 unanswered 109 35.6 45 33.8 34 43.0 50 43.1 34 44.7

0.002

yes 91 29.7 22 16.5 13 16.5 24 20.7 8 10.5

no 21 6.9 13 9.8 11 13.9 13 11.2 13 17.1

indecisive 69 22.5 41 30.8 15 19.0 25 21.6 17 22.4

definitely yes 15 4.9 11 8.3 4 5.1 4 3.4 2 2.6

definitely no 1 0.3 1 0.8 2 2.5 0 0.0 2 2.6

Q24. If you had learned that you 
are colorblind before choosing 
your profession, would it affect 
your choice of profession?

unanswered  109 35.6 45 33.8 34 43.0 50 43.1 34 44.7

0.691

yes 58 19.0 25 18.8 10 12.7 16 13.8 15 19.7

no 53 17.3 23 17.3 13 16.5 20 17.2 11 14.5

indecisive 56 18.3 31 23.3 18 22.8 23 19.8 10 13.2

definitely yes 20 6.5 8 6.0 2 2.5 3 2.6 3 3.9

definitely no 10 3.3 1 0.8 2 2.5 4 3.4 3 3.9
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blindness test were completed online in order to evaluate 
the data on color blindness subjectively, without the influ-
ence of the practitioner. In the current study, most of the 
students selected ‘genetic causes and acquired eye diseases’ 
as the reasons for color blindness. Thus, the possible mecha-
nism of color blindness generally might be congenital. Simi-
lar findings were reported by other studies (9,10). 

We included students from two different university set-
tings (private and state) to evaluate the level of awareness 
of color blindness according to the institution type and the 
prevalence of color blindness among students in private 
and state universities. There was no significant difference in 
terms of the knowledge level of the reasons for color blind-
ness among the students attending the private versus the 
state university, with the students attending both institu-
tions stating that that they had a “medium” level of knowl-
edge.

According to previous research, the incidence of color 
blindness among dentistry professionals varied from 2.8–
9.99%, with an incidence of 8% in males and 0.5% in females 
(1,3,6,11). In our study, as shown by the color blindness 
scores stratified according to gender (Table 1), 2.2% (males: 
4.5%; females: 1%) of the study population had a moder-
ate-to-high level of color blindness, similar to that reported 
in several previous studies (9,12). In common with the find-
ings of the present study, previous studies reported a high-
er prevalence of color blindness among males. The preva-
lence of color blindness among males can be attributed to a 
gene defect in the X chromosome in the Xq28 band (13,14). 
The relatively low prevalence of color blindness among the 
males in our study may be due to the low number of males 
in our study population relative to that of females.

Previous studies highlighted the need for awareness of 
dentists and dental technicians of color blindness and its 
effect on clinical success (3,15). According to previous stud-
ies, many dentists have no knowledge of their color vision 
status, and others who are aware have of no knowledge of 
the degree of color blindness (15,16). According to the re-
sults of the color blindness test in the present study, 13.3% 
of participants who were unaware that they were color blind 
had a mild or moderate degree of color blindness. This re-
sult emphasizes the importance of individuals who wish to 
pursue a career in esthetic dentistry in clinic or laboratory 
settings undergoing the Ishihara test during their education 
and training. 

In the present study, most of the students who were aware 
of their color blind status had become aware of this issue 
during their training. This result shows that faculty of den-
tistry and dental prosthesis technology curricula can have 
a direct impact on raising awareness among future dentists 
and dental technicians about color blindness (3). 

In our study, there were statistically significant differences 
in terms of the color blindness distribution according to the 
educational institution and year of education (p = 0.028 and 
p = 0.040, respectively). The average score for color blind-
ness among the students in the dental prosthesis technol-
ogy program was statistically significantly higher than that 
of the students in the faculty of dentistry (p = 0.028). These 
results are supported by that of a previous study, which re-
ported a higher percentage of color blindness in regions 
with lower education levels (16). However, there was no sig-

nificant difference in the color blindness scores stratified by 
education year, except for second and fifth years (p = 0.003). 
Most of the participants thought that color blindness was 
important for a profession as a dentist or dental prosthesis 
technician. Most also stated that knowledge of color per-
ception ability would affect their choice of profession. These 
findings demonstrate the necessity of performing color 
blindness tests at high-school level prior to students select-
ing a career path.

The present study had some limitations. One limitation 
was the small number of dental prosthesis technology stu-
dents relative to the number of faculty of dentistry students. 
In addition, the rate of participation in the color blindness 
awareness survey between the different institutions was 
different. An additional limitation was that the color blind-
ness test was performed online in the students’ homes/
classrooms. Thus, the conditions under which the tests were 
performed were not uniform.

Conclusion

The students in both the faculty of dentistry and dental 
prosthesis technology programme demonstrated medium 
levels of knowledge about color blindness. The prevalence 
of color vision deficiency among the faculty of dentistry and 
dental prosthesis technology students was 2.2%, with these 
students having a moderate-to-high level of color blindness. 
Awareness of color vision status was very low among the stu-
dents attending both institutions. Our findings highlight the 
necessity of enriching the education of students of faculty of 
dentistry and dental prosthesis technology programs on col-
or blindness. To eliminate the negative effects of color blind-
ness on professional skills, practitioners should be advised to 
use electronic shade-matching devices or ask for assistance 
during shade selection/matching. The data in the present 
study can be expanded by increasing the number of institu-
tions and the number of participants in order to reflect the 
awareness level of color blindness more comprehensively.

Türkçe özet: Diş hekimliği fakültesi ve diş protezi teknolojisi programı 
öğrencilerinde renk körlüğü yaygınlığı ve farkındalık düzeyleri. Amaç: Bu 
çalışmanın amacı, iki farklı üniversitede diş hekimliği fakültesi ve diş pro-
tez teknolojisi programında okuyan öğrencilerde renk körlüğü yaygınlık 
ve farkındalık düzeylerinin değerlendirilmesidir. Gereç ve Yöntem: Gazi 
Üniversitesi ve Ankara Medipol Üniversitesi Diş Hekimliği Fakültesi ve 
Diş Protez Teknolojisi Programında 710 öğrenciye (erkek: n = 271; kadın: 
n = 439) 2019-2021 yıllarında renk körlüğü farkındalığı anketi yapıldı. 
Öğrencilerin 442’sinin (erkek; n = 155; kadın: n = 287) renk görme duru-
mu, çevrimiçi bir Ishihara renk körlüğü testi kullanılarak değerlendirildi. 
Elde edilen veriler SPSS, versiyon 24.0 kullanılarak istatistiksel analize 
tabi tutuldu. Bulgular: Renk körlüğü skorlarında cinsiyete göre istatistik-
sel olarak anlamlı fark bulunmadı (erkekler: 0.75 ± 0.84; kadınlar: 0.64 ± 
0.75) (p = 0.226). Diş protez teknolojisi öğrencilerinin renk körlüğü skorları 
diş hekimliği fakültesi öğrencilerine göre istatistiksel olarak daha yüksekti 
(p = 0.028). Eğitim yılı, renkleri sınırlı şekilde doğru tanımlama yeteneği 
ile önemli ölçüde ilişkilendirildi (p = 0.040). Eğitim alınan yıl sayısına göre 
renk körlüğü farkındalık düzeyleri açısından istatistiksel olarak anlamlı 
bir fark bulunmadı. Sonuç: Renk körlüğü yaygınlığı açısından, diş hekim-
liği fakültesi ve diş protez teknolojisi programı öğrencilerinin %2,2’si or-
ta-yüksek düzeyde renk körlüğüne sahipti. Öğrencilerin kendi renk görme 
durumlarının farkındalığı çok düşüktü. Diş hekimliği fakültesi ve diş pro-
tez teknolojisi programlarının renk körlüğü ile ilgili eğitim içeriği zengin-
leştirilmelidir. Anahtar Kelimeler: renk görme kusurları, ishihara testi, diş 
hekimliği, diş protez teknolojisi, farkındalık
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Effect of repolishing on the discoloration of indirect composite 
block, nanohybrid, and microhybrid resin composites

Purpose
To comparatively assess the color stability of indirect composite block, nanohybrid, 
and microhybrid resin composites after immersion in red wine and repolishing.

Materials and Methods
Specimens (2x7x12 mm) were prepared using an indirect composite block 
(Cerasmart), a nanohybrid (Ceram X), and a microhybrid (Charisma Smart) resin 
composite. The specimens’ color was recorded based on the CIE L*a*b* system in a 
spectrophotometer (Spectroshade). After recording the initial color, the specimens 
were immersed in red wine for 3 hours per day for 15 days. The color measurement 
was done again. The specimens were repolished with a multistep polishing system 
(SuperSnap). The color was measured for the third time. The color change values 
(ΔE) were calculated with the L*, a*, and b* coordinates obtained at baseline, after 
the immersion procedure, and after repolishing. Statistical analyses were performed 
with one-way ANOVA, Tukey’s post hoc, and paired t-tests (p=0.05).

Results
The composite block presented the lowest ΔE value (p<0.05). No statistically 
significant difference was found between the ΔE values of the nanohybrid and 
microhybrid resin composites. The repolishing promoted a decrease in the color 
change of all three materials (p<0.05). The ΔE value of the composite block was 
clinically acceptable after repolishing.

Conclusion
The composite block showed higher color stability. The staining resistance of the 
nanohybrid and microhybrid resin composites was not different. The repolishing 
decreased the discoloration of all three materials.

Keywords: CAD/CAM, color, composite dental resin, polishing, staining
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Introduction

The resin composites are restorative materials with increasing indica-
tions due to their tooth-like aesthetic appearance and improved mechan-
ical properties (1). A variety of resin composite materials that differ from 
each other according to the resin matrix composition, number of filler 
particles, and filler particle size have been developed for restoration pro-
cedures (2). These characteristics of the resin composites influence the es-
thetic and physical properties of the materials (1,2). Although direct com-
posite restorations are a widespread treatment choice for posterior teeth, 
the incomplete polymerization of the resin composites, resulting in a low 
degree of conversion, may cause a reduction in the mechanical properties 
and staining resistance (3,4). The discoloration resistance of the materials 
is as important as the mechanical properties of the material (3–5).

The conversion degree of materials has improved with the prefabricat-
ed resin-based blocks for computer-aided design and computer-aided 
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manufacturing technology (CAD/CAM) (6). The resin-based 
blocks have optimal physical and mechanical properties be-
cause they are polymerized under high temperatures and 
high pressure (7). The use of CAD/CAM has rapidly increased 
in recent years due to its facilitation of indirect restorations 
(6). New CAD/CAM materials have been introduced specifi-
cally for esthetic restorations to overcome the disadvantag-
es associated with the use of direct resin composites (8). The 
ceramic and resin-based composite blocks are used with 
CAD/CAM  technology (6,7). The mechanical and optical 
properties of the ceramic are superior to those of composites 
(9). However, the composite blocks do not require firing as 
ceramic materials in the finishing and polishing procedures 
(7,10). Thus, the restorations are completed after clinically 
manual polishing in a single visit (7). Besides, they have ease 
of manufacturing and repairability properties (10). Unfor-
tunately, the indirect composite blocks may be sensitive to 
discoloration when exposed to different conditions (11,12).

Color stability of the restorations is a factor that affects 
the esthetic success (13,14). Color stability is the ability to 
resist color changes of material over time (14). It is affected 
by the environment, material composition, and technique 
procedures (15). Discoloration of the materials may form in 
the oral environment due to extrinsic and intrinsic factors 
(16). The properties of resin-based materials influence the 
intrinsic staining, including the resin matrix composition, 
the amount of filler particles, the size of filler particles, and 
the degree of polymerization (4,5,13,17). Extrinsic staining is 
caused by the adsorption and absorption of colorants in ex-
ogenous sources, such as food and beverages (15).

 The discoloration is a prominent issue. The loss of the esthetic 
properties and inappropriate color match of restoration may be 
a reason for replacing the restoration (4,5). The superficial stain-
ing on the restorations may be removed by a repolishing pro-
cedure hence improving the longevity of restorations (5,9,18). 
Repolishing is a favorable and conservative treatment option 
to improve the esthetics of non-severely discolored composite 
restorations by removing the stains on the surface (5,9,16). 

There is no universal material in restorative dentistry. The in-
direct restorations might currently be preferred for appropriate 
indications since they have higher mechanical properties and 
discoloration resistance than direct composite restorations 
(4). However, there are a limited number of studies that have 
comparatively evaluated the color stability of indirect compos-
ite blocks and direct resin composites and the influence of re-
polishing on the color change (3,19). Therefore, the aim of the 
current study was to comparatively assess the color stability 
of composite block, nanohybrid, and microhybrid resin com-
posites after immersion in red wine and repolishing. The first 
null hypothesis tested was that the color stability of composite 
block, nanohybrid, and microhybrid resin composites would 
not be different. The second null hypothesis tested was that the 
repolishing would not affect the discoloration of the composite 
block, nanohybrid, and microhybrid resin composites.

Material and Methods

Study materials 

In this in vitro study, an indirect composite block (Cer-
asmart; GC, Tokyo, Japan, LT, A2), a nanohybrid (Ceram X; 

Dentsply Sirona, Konstanz, Germany, A2), and a microhybrid 
(Charisma Smart; Heraeus Kulzer, Hanau, Germany, A2) resin 
composite was used. The characteristics of the materials are 
described in Table 1. The schematic representation of the 
study methodology is displayed in Figure 1. 

Specimen preparation

The composite block was cut into sizes of 2x7x12 mm using 
a diamond saw mounted on a cutting machine under water 
cooling (Minitom, Struers, Denmark). Twenty test specimens 
were acquired from the block (n=20). The specimens were 
sequentially polished with #180, 320, 400, and 600 silicon 
carbide papers under a semi-automatic grinding and pol-
ishing device (Tegramin 25, Struers, Denmark) to achieve 

Table 1: The materials, chemical composition and application 
procedure. 

Material Composition Application procedure

Cerasmart
Lot no: 1909277
(GC, Leuven, 
Belgium)

Bis-MEPP, UDMA, 
DMA, silica and 
barium glass 
nanoparticle (20 nm) 
(71% wt)

CAD/CAM material

Ceram X
(Dentsply 
Sirona, 
Konstanz, 
Germany)
Lot no: 0823

Bis-GMA, UDMA, 
TEGDMA, Barium-
aluminum-borosilicate 
glass (1.1-1.5 µm), 
methacrylate 
functionalized silicone 
dioxide nano filler (10 
nm) (76% wt)

1. Apply in 2 mm layers
2. Light-cure for 20 s

Charisma Smart 
(Heraeus 
Kulzer, Hanau, 
Germany)
Lot no: 
K010516 

Bis-GMA, UDMA, 
TEGDMA
Barium aluminum 
fluoride glass filler 
(0.02-2 μm), 5 vol% 
pyrogenic silicon 
dioxide filler (0.02-
0.07 μm) (78% wt)

1. Apply in 2 mm layers 
2. Light-cure for 20 s

Composition as provided by the manufacturers: BisMEPP, 2,2-bis(4-
methacryloxypolyethoxyphenyl) propane; DMA, dimethacrylate; Bis-GMA, 
bisphenol-glycidyl methacrylate; UDMA, urethane dimethacrylate; 
TEGDMA, triethylene glycol dimethacrylate.

Figure 1. Schematic illustration of the experimental design. 
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a standardized smooth surface. Then, the specimens were 
polished with aluminum oxide discs of a multistep polishing 
system (SuperSnap; Shofu, Kyoto, Japan). The thickness of 
2±0.05mm of the prepared specimens was confirmed by a 
digital micrometer (Digimatic Micrometer; Mitutoyo, Tokyo, 
Japan). The specimens were cleaned in an ultrasonic bath 
with distilled water.

Twenty rectangular specimens, 2x7x12 mm in size, were 
prepared using a Teflon mold from each resin composite 
(n=20). The resin composites were encased into the Teflon 
mold. A mylar strip (SS White Co., Philadelphia, PA, USA) was 
suppressed onto the mold surface and sandwiched between 
the two glass slides on both sides to promote smoothness 
and extrude the resin composite excess. The resin compos-
ites were polymerized on both sides for 20 seconds using 
a LED light-curing unit (Smartlite Focus, Dentsply, Milford, 
DE, USA) at 1000 mW/cm2. After the polymerization process, 
the specimens were replaced from the mold and stored in 
distilled water at 37°C for 24 hours. Each surface of the speci-
mens was polished with the multistep polishing system (Su-
perSnap) by thoroughly rinsing with water and air-drying to 
remove debris after each polishing step. 

Baseline color assessment

Before the staining procedure, the baseline color values of 
all specimens were recorded under standardized ambient 
conditions according to the Commission Internationale de 
l’Eclairege L*a*b* (CIELAB) color space system using a spec-
trophotometer (Spectroshade; MHT Optic Research AG, Nie-
derhasli, Switzerland). The spectrophotometer was calibrat-
ed on a white calibration tile before measurements. All color 
measurements were performed over a white background. 
The color of each specimen was measured three times in the 
center of the specimens and averaged (L0, a0, b0). The color 
measurements were assessed regarding three coordinate 
values based on the CIE L*a*b* color space system. 

The axis L* refers to the lightness coordinate, and its val-
ue ranges from zero (black) to 100 (white). The a* value rep-
resents redness (positive a*) or greenness (negative a*). The 
b* value represents yellowness (positive b*) or blueness (neg-
ative b*) (5). 

Specimen staining

All the specimens were immersed in red wine for 3 hours 
a day for a total of 15 days. The specimens were stored in 
distilled water at 37°C until the following day’s immersion. 
The specimens were dried and cleaned with blotting paper 
during transfers from red wine to distilled water. The red 
wine was refreshed every day. As previously described, the 
color of the specimens was measured with the spectropho-
tometer after the staining period (L1, a1, b2).

After this measurement, the stained surfaces of specimens 
were repolished using the multistep polishing system (Su-
perSnap) as in specimen preparation, simulating the clinical 
repolishing procedure. Then, the color measurement of the 
specimens was performed again for the third time with the 
same method (L2, a2, b2).

Assessment of color change

The values of the changes of L* (ΔL), a* (Δa), and b* (Δb) 
were calculated from the color measurements at different 
times. The color difference (ΔE) was calculated from the 
mean ΔL, Δa, and Δb values for each specimen using the 
following formula: ΔE = [(ΔL)2+ (Δa)2+ (Δb)2]1/2. The col-
or difference after staining to baseline was calculated as 
ΔE1. The color change after repolishing to baseline was 
calculated as ΔE2. In the present study, the perceptibili-
ty threshold of 1.2 and the acceptability threshold of 2.7 
were accepted or color differences based on previous 
studies (18,20).

Table 2: Mean and standart deviation of L, a, b values at baseline, and ΔL, Δa, Δb values at measurement intervals. 

Materials Baseline After staining After repolishing

Cerasmart L* 76.38±2.03 ΔL1 -1.08±2.54 ΔL2 0.54±1.92

a* 0.76±0.67 Δa1 2.90±1.14 Δa2 -0.70±1.14

b* 14.30±1.95 Δb1 2.41±1.14 Δb2 1.09±1.08

Ceram X L* 78.26±0.45 ΔL1 -4.52±1.96 ΔL2 -1.34±1.63

a* 1.07±0.37 Δa1 3.27±2.21 Δa2 -1.01±1.52

b* 17.05±2.02 Δb1 3.15±2.24 Δb2 -1.66±1.82

Charisma Smart L* 75.23±1.70 ΔL1 -1.23±2.29 ΔL2 1.69±2.09

a* 0.45±0.88 Δa1 2.80±1.50 Δa2 -0.39±1.57

b* 13.57±1.79 Δb1 5.85±2.28 Δb2 1.82±2.12

Same small superscript letter indicates no statistical difference in the column p†: The significance level of ΔE values between groups p‡: The significance level 
between ΔE1 and ΔE2 values

Table 3: Means and standard deviations of color changes (ΔE values) 
after the staining and repolishing procedures.

Materials
After staining/ 

ΔE1

After repolishing/ 
ΔE2

p‡

Cerasmart 4.82±0.88a 2.62±1.00a 0.000

Ceram X 7.04±2.17b 3.45±1.27ab 0.000

Charisma 
Smart

7.23±1.87b 3.94±1.28b 0.000

p† 0.000 0.004
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Statistical analysis

The SPSS program (Statistical Package for the Social Sci-
ences version 20.0; SPSS, Chicago, IL, USA) was used to an-
alyze the data. The normality of the data distribution was 
evaluated by the Kolmogorov–Smirnov test. Levene’s test 
was used to check for homoscedasticity. The data were an-
alyzed with a one-way analysis of variance test (ANOVA). 
Multiple comparisons were performed with Tukey’s post hoc 
test. A paired t-test was conducted to compare ΔE values 
calculated after staining and repolishing. The statistical sig-
nificance level was set at 0.05 for all analyses.

Results

The values of L*, a*, and b* coordinates at baseline and 
ΔL, Δa, and Δb values at the experimental conditions are 
presented in Table 2. The mean and standard deviations of 
overall color change after staining and after repolishing are 
shown in Table 3. The statistical analysis results of ΔE values 
are also displayed in Table 3.

After the staining procedure, all the materials presented 
color change. The ΔE values were above the acceptability 
threshold. The composite block showed the lowest ΔE value 
(p<0.05). The ΔE values of the nanohybrid and microhybrid 
resin composites were statistically similar. The repolishing 
procedure caused a decrease in the color change of all three 
materials (p<0.05).  After repolishing, the ΔE values of the 
composite block and the nanohybrid resin composite were 
not statistically different, but there was a significant differ-
ence between the ΔE values of the composite block and the 
microhybrid resin composite (p<0.05).

The ΔE value of the composite block was clinically accept-
able after repolishing. However, the ΔE values of the two res-
in composites were above the acceptability threshold.

Discussion

Color match is a factor that affects the longevity of res-
in-based composite restorations (5). The complex oral envi-
ronment may lead to a change in the color of materials (10). 
The restorative materials must show resistance to discolor-
ation over the years (4,14). The color stability of materials 
may be objectively measured by instrumental methods like 
a spectrophotometer (21). The CIE L*a*b* coordinate system 
is used to evaluate the color change (22). Because this sys-
tem has advantages such as accuracy, repeatability, sensitiv-
ity, and objectivity (3,5). In this study, a spectrophotometer 
and CIE L*a*b* coordinate system were used to determine 
the color alterations. CIEDE 2000 is another color difference 
evaluation system.  However, it has been reported that the 
CIELab and CIEDE 2000 systems are highly correlated (12).

The perceptible color difference to the human eyes and 
the acceptable color change are crucial in the assessment 
discoloration degree (3,5). There is no consensus about the 
perceptibility and acceptability threshold. Increased esthet-
ic demands of patients have led to a decrease in the accept-
ability threshold over the years (18). In the current study, the 
perceptibility threshold of 1.2 and the acceptability thresh-
old of 2.7 were chosen, as reported in a prospective multi-
center study (20).

 In the present study, the color stability of composite block, 
nanohybrid, and microhybrid resin composites was evaluat-
ed. After the staining procedure, all three materials showed 
unacceptable color changes. However, the color change value 
of the composite block was lower than that of nanohybrid and 
microhybrid resin composites. Therefore, the first null hypoth-
esis that the color stability of composite block, nanohybrid, 
and microhybrid resin composites would not be different was 
rejected. The result is in agreement with previous studies, 
which have concluded that the indirect composite blocks had 
lower color change values than direct resin composites (3,19).

The CAD/CAM blocks show better resistance to discolor-
ation than direct resin composites, even with similar com-
positions (3). The polymerization techniques used in the 
production procedure of CAD/CAM blocks promote their 
discoloration resistance (23). The resin-based materials that 
are used with CAD/CAM systems are polymerized industri-
ally at high temperatures and pressures (6,7). The materials 
have a high conversion degree, so the number of unreacted 
monomers is lower than direct resin composites (6). The low 
number of unreacted monomers provides superior physical 
properties, less water absorption, and better color stability 
to these materials (6,12).

The staining susceptibility of resin-based materials is as-
sociated with their hydrophilicity of the resin matrix and the 
amount of water sorption (17). The materials may absorb 
other fluids with colorant pigments besides water, which 
results in discoloration (24). Water sorption mainly occurs 
in the resin matrix of the materials. Therefore, the organ-
ic matrix content of the material may be more effective in 
discoloration potential than filler particles (5). The materials 
containing a hydrophilic resin matrix have a higher degree 
of water sorption and a higher potential for discoloration 
(3,5,8,17,18). It has been concluded that, under similar cur-
ing conditions, TEGDMA and Bis-GMA showed higher water 
sorption than UDMA (25).

The conversion degree of the resin matrix influences the 
water sorption of materials (17,25). The degree of conver-
sion is directly related to the amount of unreacted monomer 
(17). The low monomer conversion causes the formation of a 
high number of unreacted monomers, leading to higher wa-
ter sorption and discoloration (5,25). The conversion degree 
of resin-based materials under identical curing conditions 
is different according to their monomer content because 
some monomers have a lower degree of conversion (17,25). 
It has been reported that Bis GMA showed a lower conver-
sion degree than UDMA and TEGDMA (25). Higher inorganic 
filler content might also cause lower water sorption, thus 
providing better staining resistance (18,26). 

The treatment of silane on the filler particles of the resin-based 
materials is another factor that that affects the color stability of 
materials over time (27). A weak silanization results in insuffi-
cient filler-resin matrix binding, which induces large amounts 
of water sorption and thus less staining resistance(4,8). The ef-
fective silanization process in CAD/CAM materials might posi-
tively influence water sorption and color stability (8). 

In this study, the composite block showed better color 
stability than the direct resin composites. The result might 
be attributed to the better silanization and the lower water 
sorption that result from the high conversion degree. Fur-
thermore, the composite block Cerasmart does not contain 
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a hydrophilic Bis-GMA monomer. It has a Bis-MPEPP mono-
mer. Bis-MPEPP causes lower discoloration because it is a 
more hydrophobic monomer compared to Bis-GMA (4). The 
color stability of the nanohybrid and microhybrid resin com-
posites was not different, as concluded in a previous study 
(28). It might be due to the similar resin matrix composition 
and inorganic filler ratio of these resin composites.

The discoloration of restorations could be removed by 
repolishing, depending on the material and the severity of 
staining (9,16). Repolishing is a minimally invasive operative 
procedure, which may remove the extrinsic discoloration 
on the restoration’s surfaces (5,18). Moreover, the surfaces 
become more resistant to discoloration again since they are 
smoother after repolishing (5,29). Thus, the repolishing may 
even prevent the replacement of the restorations (18,29). 
Repolishing might be more effective in direct resin compos-
ites because they are more susceptible to wear (5). 

In this study, repolishing reduced the discoloration de-
gree of all materials. Therefore, the second null hypothesis 
that the repolishing would not affect the discoloration of 
the resin-based block, nanohybrid, and microhybrid resin 
composites was rejected. This result is in agreement with 
previous studies in which the repolishing provided a signif-
icant improvement in the discoloration of resin composites 
(5,16,18), ceramics, and resin-based composite blocks (9). In 
a previous study, repolishing did not affect the color change 
of the composite block Cerasmart, and this was attributed 
to a low discoloration degree (19). Nonetheless, internal dis-
colorations may not be completely removed by repolishing 
(9,30). In the current study, the ΔE value of the microhybrid 
resin composites was higher than the resin-based block af-
ter the repolishing procedure. It might result from more in-
ternal discoloration in this resin composite.

In the present study, the color measurement was performed 
on a white background. The white background can simulate 
better the light reflectance in restorations surrounded by tooth 
walls (8,27). The color differences in these restorations are more 
evident (27). In the present study, red wine was chosen as 
a staining solution. It has been reported that red wine was a 
more effective coloring agent, although different staining solu-
tions were available (3,8–10). The specimens were immersed in 
red wine daily and continuously for a specified time. It has been 
stated that this method might be assumed equal to a long du-
ration of exposure to stains in clinical conditions (31).

The present study has some limitations. Different in vitro 
conditions may be effective on the color stability of the ma-
terials. The laboratory setting does not fully simulate intraoral 
conditions. In the clinical environment, the discoloration po-
tential of restorative materials might be influenced by differ-
ent factors, including saliva, oral temperature, tooth brushing, 
toothpaste, and diet content (9). Moreover, the geometrical 
shape of the specimens is not similar to typical dental resto-
rations (19). Thus, more in vitro and clinical studies must be 
conducted to assess the color stability of the materials.

Conclusion

The composite block was more resistant to discoloration 
than the nanohybrid and microhybrid resin composites. 
There was no significant difference in discoloration between 
the nanohybrid and microhybrid resin composites. The re-

polishing procedure reduced the color alteration of the ma-
terials. After repolishing, the ΔE value of the composite block 
was clinically acceptable, but not that of the nanohybrid and 
microhybrid resin composites.

Türkçe özet: Yeniden polisaj işleminin indirek kompozit blok, nano-
hibrit ve mikrohibrit rezin kompozitlerin renk değişimine etkisi. Amaç: 
İndirek kompozit blok, nanohibrit ve mikrohibrit rezin kompozitler-
in kırmızı şaraba daldırıldıktan ve yeniden polisaj yapıldıktan sonra 
renk stabilitesini karşılaştırmalı olarak değerlendirmek. Gereç ve Yön-
tem: Örnekler (2x7x12 mm) bir indirek kompozit blok (Cerasmart), bir 
nanohibrit rezin kompozit (Ceram X), ve bir mikrohibrit rezin kompozit 
(Charisma Smart) kullanılarak hazırlandı. Örneklerin rengi CIE L*a*b* 

renk sistemine göre bir spektrofotometre ile kaydedildi (Spectroshade). 
Başlangıç rengi kaydedildikten sonra örnekler 15 gün boyunca günde 3 
saat kırmızı şaraba daldırıldı. Renk ölçümü tekrar yapıldı. Örnekler, çok 
aşamalı bir polisaj sistemi (SuperSnap) ile polisajlandı. Renk ölçümü 
üçüncü kez yapıldı. Renk değişimi değerleri (ΔE) başlangıçta, daldırma 
ve yeniden polisaj işlemlerinden sonra elde edilen L*, a* ve b* değerleri ile 
hesaplandı. İstatistiksel analizler, tek yönlü varyans analizi, Tukey çok-
lu karşılaştırma ve eşleştirilmiş t testleri ile yapıldı. (p = 0,05) Bulgular: 
Kompozit blok en düşük ΔE değerini gösterdi (p<0,05). Nanohibrit ve 
mikrohibrit rezin kompozitlerin ΔE değerleri arasında istatistiksel olarak 
anlamlı bir fark bulunmadı. Yeniden polisaj işlemi, her üç materyalin 
de renk değişiminde bir azalma sağladı (p<0,05). Kompozit bloğun ΔE 
değeri, polisaj işleminden sonra klinik olarak kabul edilebilirdi. Sonuç: 
Kompozit blok, daha yüksek renk stabilitesi gösterdi. Nanohibrit ve 
mikrohibrit rezin kompozitlerin renklenme direnci farklı değildi. Yeniden 
polisaj işlemi, her üç materyalin de renk değişikliğini azalttı. Anahtar ke-
limeler: boyama, cad/cam, kompozit dental rezin, parlatma, renk
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