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Gender Classification with Hand-Wrist
Radiographs Using the Deep Learning
Method

Derin Ogrenme Yontemi Kullanilarak El-Bilek
Radyografileri ile Cinsiyet Siniflandirma

ABSTRACT

Objective: Before dental procedures, hand-wrist radiographs are used to plan treatment time and
determine skeletal maturity. This study aims to determine gender from hand-wrist radiographs using
different deep-learning methods.

Methods: The left hand-wrist radiographs of 1044 individuals (534 males and 510 females) were pre-
processed to clarify the image and adjust the contrast. In the gender classification problem, AlexNet,
VGG16 and VGG19 transfer learning methods were both used as separate classifiers, and the features
taken from these methods were combined and given to the support vector machine (SVM) classifier.
Results: The results revealed that image analysis and deep learning techniques provided 91.1% accuracy
in gender determination.

Conclusion: Hand-wrist radiographs exhibited sexual dimorphism and could be used in gender prediction.
Keywords: Deep learning; image analysis; Hand-wrist radiographs; Gender determination

0z

Amag: Dental islemler 6ncesinde tedavi zamaninin planlanmasi ve iskeletsel olgunlugun saptanmasi
amaciyla el-bilek radyografilerinden yararlanilir. Bu ¢alismanin amaci, farkli derin 6grenme yontemleri
kullanilarak el-bilek grafilerinden cinsiyet tayini yapmaktir.

Yontemler: Bu amagla 1044 bireye ait (534 erkek ve 510 kadin) sol el-bilek radyografisi goruntlyu
netlestirme ve kontrasti ayarlama amaciyla 6n isleme tabi tutuldu. Cinsiyet siniflandirma probleminde
AlexNet, VGG16 ve VGG19 transfer 6grenme metotlari hem ayri ayri siniflandirici olarak kullanildi, hem de
bu yontemlerden alinan 6znitelikler birlestirilerek SVM siniflandiricisina verildi.

Bulgular: Sonuglar, goriinti analizi ve derin 6grenme tekniklerinin cinsiyet tayininde %91,1 oraninda
dogruluk gosterdigini ortaya koydu.

Sonug: Yapilan bu calismada el-bilek grafilerin cinsel dimorfizm sergiledigi ve cinsiyet tahmininde
kullanilabilirligi belirlendi.

Anahtar Kelimeler: derin 6grenme; goriintu analizi; el-bilek radyografileri; cinsiyet tayini

INTRODUCTION

The determination of gender by skeletal structures is a fundamental step in estimating an individual's
profile and determining its identity.! Many parts of the skeleton are used for gender analysis and some
discriminative techniques are developed. There are studies in the literature to predict gender from
vertebrae, skull, pelvis, and long bones. Among these, the highest accuracy rate for gender determination
was obtained with the cranium and pelvis. In the studies conducted on these skeletal structures, gender
differences have been revealed through linear and angular measurements.?

Knowing the differences between genders has considerable importance in anthropometry, forensic
anthropology, and forensic medicine. Gender differences also have profound effects on human skeletal
features and dimensions.3 Differences in the shape, size, and appearance of bones by gender occur in
response to sex hormones during the development and puberty. Bone maturation is closely related to
sexual development. Determining individuals’ skeletal maturity shows their biological development more
accurately than their chronological ages. For this purpose, hand and wrist radiographs taken before dental
treatments are the most common method used to determine skeletal maturity, timing and planning of the
treatment. However, hand-wrist radiographs taken by radiologists are based on interpreting the patient's
bone age, and gender-specific parameters cannot be determined with these radiographs. In the relevant
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studies, there is no conventional technique to determine gender using
hand-wrist radiographs. Skeletal maturity and its relationship with
gender are examined using a representative atlas using the Greulich-Pyle
method.* However, this method is time-dependent and an expert
radiologist is needed to evaluate bone age and gender in detail using the
hand atlas as a reference. For this reason, the results may vary
depending on the experts making the evaluation. However, using the
deep learning method with a considerable number of data appears to be
a technique that experts consider difficult to achieve gender
classification.> In our study, the only images fed to the artificial neural
network are left hand wrist X-rays. The effectiveness of the neural
network in predicting gender without any instructions or pre-existing
knowledge regarding gender dimorphic anatomy is aimed. In traditional
methods, the first pre-processing is performed on left hand-wrist x-ray
images. These images are determined by taking into account various
conditions such as the length of the bones, their distance from each
other, and the number of bones found. Gender classification is realized.
error rates are compared by expert radiologists. Therefore, new
methods are needed that will reduce the subjectivity of the observer and
provide measurable tools to assist the expert in the decision-making
process. Model running in deep learning methods; Features: Since it is
achieved by self-learning in a short time with minimum training, more
effective results are obtained and the need for an expert is reduced.®’

The application of deep learning methodologies is of great importance
in modern dentistry. These methodologies can provide effective,
accurate, and reliable tools for interpretation. As a result, they facilitate
early diagnosis, planning, and monitoring of patient outcomes. In
addition, these automatic systems can significantly reduce the workload
of dental professionals, reduce the risk of human error, and increase the
efficiency of dental health services.? In this study, a deep learning
method was developed that analyzes the hand-wrist radiographs of
1044 individuals between the ages of 5-18 and can predict their genders.

METHODS

Data Set

The Atatirk University Faculty of Dentistry's Research Ethics
Committee accepted the study, and all procedures were followed in
accordance with the Declaration of Helsinki's principles (Decision No.
04/20.01.2021).

In this study, hand-wrist radiographs that are routinely taken from
patients for diagnosis and treatment planning before orthodontic
treatment, available in the archives of Atatiirk University, Faculty of
Dentistry, Department of Oral and Maxillofacial Radiology, were
retrospectively evaluated. Patients who did not have any known
systemic disease, anomaly, or syndrome, had no malformation,
pathology, or trauma history in the hand-wrist region, and had no
artifacts or distortions in the relevant radiographs were included in the
study. The data set of the study consists of left hand-wrist radiographs
of 1044 individuals (534 males and 510 females) between the ages of 5-
18 (Figure 1).

Method

Within the scope of the study, a gender classification was performed
using artificial intelligence-based techniques on 1044 hand-wrist
radiographs. In this study, two approaches were examined in terms of
both data and method.

In the first category of the data, while the radiographs were
classified with their original versions without any pre-processing, the
second category was based on cropping only the hand-wrist part of the

images and enhancing them with the contrast limited adaptive
histogram equalization (CLAHE) technique,®! which provides positive
enhancement in these images. While the purpose of cropping the image
is to prevent artificial intelligence models from focusing on unnecessary
areas, the purpose of histogram equalization is to increase the
differentiation in gray-level radiographs (Figure 2).

Male Female

Crop + CLAHE

Preprocessed Image

Original Image

Figure 2. Preprocessing

On the basis of the method, in the first place, classification was
realized with the transfer learning approach using AlexNet,? VGG16,13
and VGG19,'3 which are popular CNN (Convolutional Neural Network) -
based deep learning models with high performance in classification. In
the second stage, AlexNet, VGG16, VGG19 models were used as feature
extractors and the CNN+SVM (Support Vector Machine) hybrid method
was proposed by giving these features to the SVM classifier! (Figure 3).

With the AlexNet network they designed, Alex Krizhevesky and
others!2 won the ImageNet Large-Scale Visual Recognition Challenge
(ILSVRC) competition in 2012, which involved a challenging visual object
recognition task. The architecture they proposed was a significant
breakthrough in the field of computer vision and rapidly increased
interest in deep learning. AlexNet's Input image resolution is 227x227x3
pixels and has 11 main layers consisting of 5 convolutional, 3 pooling and
3 fully connected layers.
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Figure 3. Proposed CNN+SVM hybrid method

The Visual Geometry Group (VGG), which graduated at ILSVRC in
2014, described the depth of a network as the critical component to
achieve satisfactory classification performance.l* The input image
resolution of VGG16 and VGG19 is 224x224x3 pixels. VGG16; It consists
of 21 main layers, including 13 convolutional, 5 pooling and 3 fully
connected layers, while the VGG19 architecture has a total of 24 main
layers, including 16 convolutional, 5 pooling and 3 fully connected layers.
While training AlexNet, VGG16 and VGG19 models, the number of
epochs was 50, batch size was 16, learning rate was 10 and stochastic
gradient descent (SGD) was preferred as the optimization algorithm. No
data augmentation technique was used

From CNN networks, 50 features were extracted for three models
from the fully connected layer before the classifier layer. Finally, the new
feature matrix of 1044x150 was fed to the SVM classifier as the input.
SVM is a supervised learning method often used in classification
problems. It draws a line to separate points placed on a plane. This line
is intended to be the maximum distance for points of both classes.

Alarge number of interconnected experiments were performed with
the setups in which the parameters changed in SVM. In the proposed
CNN+SVM hybrid model, the highest performance is observed when the
C (box constrait) parameter is 4 and the kernel scale is 256 in the linear
kernel function.

All the experiments were carried out with the k-fold cross-validation
approach by selecting the k parameter as 10 to better evaluate the
model performance.® With this approach, the data set is divided into 10
parts and these parts are repeated 10 times. In each iteration, 9 parts
are used for training and 1 part is used for testing. Final performance is
found by averaging over 10 test pieces (Figure 4).

Train Part Test Part

1.fold 10.fold

Iteration 1

Iteration 2

Iteration 10

Figure 4. 10-fold cross-validation

Performance Metrics

The performance of the experimental studies was measured through
accuracy, precision, recall, and F1 score metrics, which are frequently
used in classification problems (Equation 1, Equation 2, Equation 3,
Equation 4).15 The parameters in the equations are shown on the
representative confusion matrix (Figure 5).

Accuracy = & Equation 1
Y STP+FP+TN+EN
Precision = _r Equation 2
- TPP+ FP
— Equation 3
Recall = TPTFN

F1score = 2 * precision * recall Equation 4

precision + recall

Positive Negative

Positive True False
Positive  Positive
Output (TP) (FP)
Class Negative False True
Negative Negative
(FN) (TN)
Target Class

Figure 5. Abbreviations in performance metrics on the confusion matrix

In Figure 5, TP indicates that both the actual value and the predicted
value are positive (i.e. female if the gender is female, male if the gender
is male), FP indicates that the actual value is negative and the predicted
value is positive - FN indicates that the actual value is positive and the
predicted value is negative (i.e. the label that is actually female is
predicted to be male or label that is male is predicted to be female), TN
indicates that both are negative (label that is not female is found to be
non-female, label that is not male is found to be non-male). TP and TN
are the areas that the model predicts correctly, while FP and FN are the
areas that the model predicts incorrectly.

Accuracy value is calculated by the ratio of the areas we predicted
correctly in the model to the total data set. Accuracy is a metric that is
frequently used to measure the success of a model, but is not sufficient
on its own. Precision is a measure of how many of the values predicted
as positive are actually predicted as positive. Recall shows how many of
the labels that should have been predicted as positive were predicted as
positive. F1 Score value indicates the harmonic average of precision and
recall values.

RESULTS

It was seen that hand-wrist radiographs exhibited sexual
dimorphism and could be used in gender estimation.

While the achievement of artificial intelligence-based gender
classification in left-hand-wrist radiographs was 54.58%, 58.14%, 55.37%
and 51.1% for AlexNet, VGG16, VGG19 and hybrid models, respectively,
without image enhancement, the classification success on the pre-
processed data was 85.6%, 88.48%, 87.8%, and 91.1% for AlexNet,
VGG16, VGG19, and the proposed hybrid model, respectively.

When the results of the original image and the preprocessed image
were examined on the models, it was seen that the preprocessing made
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significant enhancement (30%-40%) (Figure 6). If the models alone
showed high success in the classification process, as in the preprocessed
image, the hybrid model approach would have positively contributed to
the performance. In the original image, it was seen that since the models
could not adequately learn alone, using them together reduced the
performance. The hybrid method was compared with the CNN-based
transfer learning methods encompassing AlexNet, VGG16, and VGG19 in
terms of different performance metrics such as accuracy, precision,
recall, and F1 score (Figure 7). The confusion matrix for the CNN+SVM
hybrid model based on the pre-processed image proposed within the
scope of this study is shown in Figure 8.

0 10 20 30 40 50 60 70 80 90 100

Accuracy(%)

u Preprocessed Image M Orginal Image

Figure 6: Preprocessing evaluation chart
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Figure 7. Comparison of preprocessed images and models through different
performance metrics
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Figure 8. Hybrid model gender classification confusion matrix

DISCUSSION

The adequate enamel-bracket bonding strength is one of the This
study showed that it is possible to predict gender by developing a deep
learning method that can accurately and repetitively identify gender
through hand-wrist radiographs. In the studies examining the
relationship between skeletal structures and gender, it has been argued
that there are morphological differences between different genders and
that this varies depending on age. Male bones are morphologically larger
and denser than females. Cortical bone loss in males due to aging is less
than in females. The skeletal differences between genders are assumed
to occur mostly during adolescence.1®

In the studies using advanced imaging methods, some automatic
gender estimation methods have been developed in adults through
primarily pelvis imaging and the three-dimensional imaging of the skull
as the second reliable method.17.18 Thomas Radulesco et al.»? used 103
CT images to investigate how to determine the gender of individuals by
Maxillary Sinus Volumes (MSV). They identified MSV with 3D
reconstructions. According to their results, they suggested that MSV
could be useful in determining the gender of individuals.

Automatic methods are also being developed for the evaluation of
hand-wrist radiographs, which reduce inter-rater variability compared to
manual methods. However, the high dose of radiation and cost in these
methods restrict the use of computed tomography in gender determina-
tion. In addition, researchers performing gender determination using
radiographic methods have certain disadvantages such as subjective
perception and low repeatability in visual evaluation of the
morphological features. Research has shown that the most significant
gender difference in the skeletal structure of the hand and wrist is the
difference in the size and volume of the bones. In particular, it has been
revealed that the size of the carpal bones in males is larger than in
females.20 In another study, digital right-hand radiographs were exami-
ned using these skeletal differences, and a 91% accuracy in gender
determination was obtained.?! Ibrahim et al.?? researched the length and
width of the hands of 600 people. They also investigated the relationship
between the index and ring fingers. In their results, they claimed that
the ratio of index and ring fingers was higher in women than in men.

Aboul Hagag et al.22 among the Egyptians, he determined gender by
calculating hand size, index finger and ring finger ratio. The dataset
consisted of 250 men and 250 women. All subjects were adults over the
age of 18. In their results, they claimed that the average male hand is 1.3
cm larger than women's.

There are no parameters in the literature that can reliably classify
gender. Better-performing models have been recently obtained by
combining the powers of CNN-based deep learning approaches at
various stages for classification problems.2426 |n this study, after the
image enhancement with the CLAHE approach by cropping the left hand-
wrist images, three separate deep learning methods (AlexNet-VGG16-
VGG19) were trained using transfer learning, then taking the features
from the fully connected layer, their powers were combined with the
early fusion approach, and the features were classified with SVM. In light
of the results obtained, it was seen that pre-processing and CNN+SVM
hybrid models provided higher performance for gender classification
than the classification performance of the models alone.

In 2019, Sari¢ and his colleagues?’evaluated gender and bone age
using the Deep Convolutional Neural Network (DCNN) algorithm. As a
result, it was observed that the results were faster than classical
methods.

Bewes et al.28 investigated gender prediction from adult skeletal
remains by training a deep convolutional neural network with images of
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900 skulls obtained from computed tomography scans. When tested on
previously unseen images, the deep network showed 95% accuracy.
Yang et al.2® use a six-variable method consisting of multilayer sensors
to estimate gender from cranial measurement. They tested their
approach on 267 skull ct scans (153 women and 114 men) from the
Uyghur ethnic group in Northern China (women aged 18-88 and men
aged 20-84). An accuracy of over 94% was reported in all cases.

Afifi30 used CNN to determine the gender of individuals through
biometric features on the hands. They used palms and back images of
hands on both sides. They claimed that good accuracy was achieved not
only on the palm but also on the back of the hand.

Darmawan et al.3! used a Hybrid Particle Artificial Neural Network
technique to determine the gender of individuals, which is the most
relevant study to our research. They used left hand X-RAY images of the
Asian population as a dataset. Their results show different accuracy for
different age groups. The datasets were small and they did not mention
the area they paid attention to in their work. A limitation of this study is
that only left-hand radiographs were included. Although this study
focused on the ability of a deep learning model to discover an
unidentified pattern, including only left-hand images may limit the use
of the model in clinical practices and other research studies. Although it
is a standard procedure to use the left hand for bone age assessment,
some studies argue that sex differences in finger ratio are more
profound in the right hand. Further studies involving the right hand for
testing and development can create a more comprehensive model to be
clinically used.*!

Another limitation of the study is the manual cropping of the region
containing the hand and wrist from the original image. Within the scope
of future studies, using cropped images by automatically segmenting the
hand-wrist region with deep learning methods in the pre-processing
stage is aimed to perform. At the output of high-performance
segmentation models for cropping, the data will be subjected to the
CLAHE procedure and the gender determination from the hand-wrist
radiographs will be implemented with the end-to-end artificial
intelligence.
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Perspectives on Dentistry

Dis Hekimligi Fakiiltesi Ogrencilerinin Sosyodemografik
Ozelliklerinin ve Meslege Yénelik Perspektiflerin
Degerlendirilmesi

ABSTRACT

Objective: There are numerous factors that play a role in a student’s selection of a profession, including
examinations that need to be passed before being admitted into a programme such as dentistry. The aim
of this study was to investigate the sociodemographic characteristics of the students admitted to the
Pamukkale University Faculty of Dentistry based on their Student Selection and Placement Examination
score, to determine their reasons for entering dental school and to examine their expectations from the
dental profession.

Methods: We administered a questionnaire to the first-, second-, and third-year students of the Pamukkale
University Faculty of Dentistry. The questionnaire collected the students’ gender, type of high school they
graduated from, the region of Turkey they were from, their reasons for selecting dental school and their
expectations about dentistry.

Results: Overall, 69.5% of the students entered the faculty of dentistry voluntarily. In addition, 70.3% of
the students stated that would still enter dental school if they were to take the placement examination
again. The majority of students stated that it is important for a dentist to be helpful to people. Moreover,
a significant proportion of the students planned to continue with dental specialisation after graduating
from dental school.

Conclusion: Willingly choosing to attend dental school and to become a dentist would help students cope
with the myriad challenges they will experience in their education and professional lives. In addition, the
fact that students' financial gain expectations when they become dentists remain in the background will
ensure that more attention is paid to professional ethics.

Keywords: Dentistry, Students, Specialisation

(074

Amag: Dis hekimligi gibi bir programa kabul edilmeden 6nce kazanilmasi gereken sinavlar da dahil olmak
Uizere, 6grencinin meslek seciminde rol oynayan ¢ok sayida faktér vardir. Bu ¢alismanin amaci, Pamukkale
Universitesi Dis Hekimligi Fakiiltesi'ni Ogrenci Segme ve Yerlestirme sinavinda kazanan 6grencilerin sosyo-
demografik 6zelliklerini arastirmak ve o6grencilerin dis hekimligi egitimini tercih etmelerini etkileyen
nedenleri ve meslekten beklentilerini belirlemektir.

Yontemler: Bu amagla Pamukkale Universitesi Dis Hekimligi Fakiiltesindeki 1., 2. ve 3. sinif 6grencilerine
bir anket uguladik. Anket 6grencilerin cinsiyeti, yasadiklari bolge, mezun olduklari okul, dis hekimligi
fakiltesini secim nedeni ve dis hekimligi meslegine iliskin beklentilerini icermektedir.

Bulgular: Genel olarak, 6grencilerin %69,5'inin dis hekimligi fakiltesini goniillii olarak tercih etmistir. Ayrica
ogrencilerin %70,3'U tekrar sinava girselerdi dis hekimligi fakiiltesini tercih edeceklerini belirtti.
Ogrencilerin biiyiik bir kismi insanlara faydali olmanin nemli oldugunu belirtmislerdir. Ayrica 6grencilerin
onemli bir bolimuinin uzmanhk egitimini planladigi gérilmstiir.

Sonug: Dishekimligi fakiiltesini ve dis hekimi olmay isteyerek segmek, 6grencilerin egitim ve mesleki
yasamlarinda karsilasacaklari sayisiz zorlukla basa ¢ikmalarina yardimci olacaktir. Ayni sekilde 6grencilerin
maddi kazanimla ilgili beklentilerinin arka planda olmasi meslek etigine daha fazla ilgi gésterilmesine
yardimci olacaktir.

Anahtar Kelimeler: Dis Hekimligi, Ogrenciler, Uzmanlik.
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INTRODUCTION

A profession is defined as a paid occupation that requires knowledge
and skills acquired by a rigorous, formal education. A professional
receives respect from society and has a high place in it.12 People prefer
a job that aligns with their abilities and desires. When their job aligns
with these factors, their level of happiness in their life could increase.
However, when there is mismatch, or when people do not care, they
might be subjected to unhappiness and excessive stress.! Therefore,
willing choosing a career plays a key role in a person’s life.

Dentistry is a branch of medicine that involves the diagnosis,
prevention and treatment of the oral area and maxillofacial diseases.3
Dentistry represents a moral contract supported by a set of values,
behaviours and relationships between dentists and society.* Hence,
professional responsibility and accountability are critical parts of
dentistry.> Students who select dentistry as their profession have various
career and business opportunities: they can be a general practitioner or
receive additional training to specialise in specific areas. In Turkey,
there are eight dental specialties: periodontology; orthodontics; oral,
dental and maxillofacial surgery; pedodontics; prosthodontics; endo-
dontics; restorative dentistry; and oral, dental and maxillofacial
radiology.” Dental education and practice are difficult for both dental
students and professionals.? Various factors cause stress in dentistry
such as the limited treatment time for each patient, non-cooperation
from patients, financial matters and the highly technical and intensive
nature of the profession.®

Based on the high level of stress associated with dentistry, it is crucial
for students to willingly choose dentistry as their profession. Otherwise,
they will be exposed to excessive stress and anxiety. In present study,
we evaluated the socio-demographic characteristics of the dental
students admitted to the Pamukkale University Faculty of Dentistry
based on their high score on the Student Selection and Placement
Examination. We also examined the reasons why students preferred to
start dental education and their expectations from the dental
profession.

METHODS

We performed a cross-sectional and descriptive study. We included
first-, second- and third-year students of the Pamukkale University
Faculty of Dentistry (the only available classes of the Pamukkale
University Faculty of Dentistry in 2019). This study was approved by
Pamukkale University Non-Invasive Clinical Research Ethics Committe
(22/01/2019-02). This study was approved by the University Non-
Invasive Clinical Research Ethics Committee (22/01/2019-02). Note that
we previously presented the results from this study as an oral
presentation at 2nd International Meandros Dental Congress.

The above-mentioned classes comprised 260 students, each of
whom received a questionnaire of 15 questions divided into two parts.
The first part consisted of 10 social demographic questions that asked
the students to provide their gender, the type of high school they
attended, the region where they lived prior to entering dental school,
their reasons for choosing dentistry, their expectations from dentistry
after graduating from dental school and their views on dentistry. The
second part asked for the student’s opinions regarding the dental
profession, each rated on a 5-point Likert scale.

Participation was voluntary and anonymous. Participants were
informed of the aim and benefits of the survey. Before the study was
started, written permissions were obtained from the students who
participated in the study.

Statistical Analysis

The results for the first part of the questionnaire (the first 10
questions) are presented as percentages. We analysed the results from
the second part of the questionnaire by using the chi-square test. We
considered P< .05 to be statistically significant. We used SPSS Statistics
for Windows Version 23 (IBM Corp., Armonk, NY, USA) for the analysis.

RESULTS

Each student answered all the questions. Of the participants, 60%
are women and 40% are men. The first-year class comprised 39.6% of
the participants, the second-year class comprised 34.2% of the
participants and the third-year class comprised 26.2% of the
participants. Considering the high school from which the students
graduated, 32.2% graduated from a science high school, 41.5%
graduated from an Anatolian high school, 16.1% graduated from a
private high school and 10.2% graduated from other high schools. The
regions from which the students came included Aegean (52.5%),
Marmara (14.4%), Central Anatolia (11%), Mediterranean (10.2%), Black
Sea (4.2%), South East Anatolia (4.2%) and Eastern Anatolia (3.4%).

The majority (69.5%) of the students stated that they entered the
faculty of dentistry voluntarily; on the other hand, 30.5% of the students
expressed that they entered unintentionally. Additionally, 70.3% said
that if they were to pass the entrance exam again, they would still
choose to attend dental school. The other 29.7% said they would not
attend dental school even if they passed the exam.

About three quarters of the students (74.5%) reported that they
planned to take the Specialisation Education in Dentistry Entrance
Examination after graduating from dental school. The remaining
students stated they planned to continue their career as a general
practitioner (Table 1).

In addition, the students reported a desire for an academic career
(25.4%), professional satisfaction (24.6%), social status, interest in a
specialty (16.9%) and financial security (10.2%) as the reasons to seek
specialised education (Table 2).

Table 1. The expectations from the professions.

Expectations Percentage(%)

Pass the Dentistry Entrance Exam immediately 52.5
Pass the Dentistry Entrance Exam after studying for a certain time 22.0
Gain Money immediately 11.9
Be a good researcher 6.8
Be a good general practitioner 1.7
Other 5.1
Total 100

Table 2. The reasons of pass the Dentistry Entrance Exam.

The reasons Percentage(%)

Academic career request 25.4
Professional satisfaction 24.6
Social statue 16.9
An interest in a specialty 16.9
Income satisfaction 10.2
Other 5.9

Total 100

Regarding the student’s opinions about dentistry (Table 3), more
than three fourths of the students expressed that they care about
helping people. Although more students from the first-year class
thought being helpful was the most important part of the dental
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profession, there was no significant difference between the classes (P =
.272). More students in the first-year class expressed that they cared
about respectability more than other classes, but there was no
significant difference between the classes (P = .263). Only 0.8% of
students stated that respectability was not important to them. Financial
gain was very important for 42.4% of the students, with no significant
difference between the classes (P = .214). Job guarantee after
completing dental school was a main factor for 61.9% of the students.
without a significant difference between the classes (P = 0.895). Half of
the students stated that being able to work independently is very
important to them. Although this seemed to be important to the second-
year students, there was no significant difference between the classes
(P=.224).

Table 3. Students' thoughts about the medical profession.

Questions Answers First Second Third class p
class class value
n(%)

Be helpful to The most important 30 (75) 27 (67.5) 27 (71.1) 272
people Important 7(17.5) 13(32.5) 10 (26.3)

Indecisive 2(5) 0(0) 0(0)

Not important 1(2.5) 0(0) 0(0)

It is nothing 0(0) 0(0) 1(2.6)
Financial gain The most important 22 (55) 17 (42.5) 11 (28.9) .216

Important 15(37.5) 21 (52.5) 21 (55.3)

Indecisive 3(7.5) 2(5 5(13.2)

Not important 0(0) 0(0) 1(2.6)
Independent The most important 22 (55) 25(62.5) 12(31.6) 224
working Important 13 (32.5) 11 (27.5) 18(47.4)
opportunity Indecisive 3(7.5) 3(7.5) 6(15.8)

Not important 1(2.5) 1(2.5) 2(5.3)

It is nothing 1(2.5) 0(0) 0(0)
Job The most important 26 (65) 26(65) 21(55.3) .895
guarantee Important 12(30) 12(30) 15(39.5)

Indecisive 2(5.0) 2(5) 2(5.3)
Respectability The most important 24(60) 18(45) 19(50) .263

Important 13(32.5) 21(52.5) 15(39.5)

Indecisive 3(7.5) 0(0) 3(7.9)

Not important 0(0) 1(2.5) 0(0)

It is nothing 0(0) 0(0) 1(2.6)

P<.05 was considered statistically significant

DISCUSSION

There have been only a few studies focused on student views
regarding their career choice and professional expectations.® To address
this lacuna, we aimed to evaluate how Turkish dental students view their
career choice and the dental profession.

In Turkey, students must pass the Higher Education Institutions
Exam before entering a university. The students have to score highly to
enrol in medical and dental faculties. A previous study in Turkey
indicated that there was a higher ratio of students who graduated from
scientific and Anatolian high schools who chose the Uludag University
Faculty of Medicine.l9 Késker and Kaya! reported that students who
graduated from scientific and Anatolian high schools scored higher on
the university entrance exam. Moreover, according to the Assessment,
Selection and Placement Centre data, students who graduate from
scientific high schools are more successful on the university entrance
exam than students who graduate from other high schools.1! We found
that the most of students admitted to the Pamukkale University Faculty
of Dentistry graduated from scientific and Anatolian high schools
compared with other high schools, a finding consistent with earlier
reports.10 These results indicate that scientific and Anatolian high
schools provide a high-quality education that allow to perform well on

the entrance exam and to attend enter rigorous professional
programmes.

There have been a few studies regarding the regions from which
Turkish students come from before entering a university. Alper and
Ozdemirl® found that the most students enrolled in the Uludag
University Faculty of Medicine came from the Marmara and Aegean
regions. Likewise, Kosker and Kaya! reported that the close to half of
students enrolled in the Ege University Faculty of Dentistry came from
the Aegean region.! In our study, more than half of students came from
the Aegean region.110 These results suggest that students generally
prefer to attend a university that is close to where they grew up.

The dental profession is the most stressful compared with the other
health care professions.12 Dental school puts high stress and pressure on
students due to the tough curriculum. Indeed, a study showed that
dental students are exposed to higher stress levels than other medical
students.13 Henzi et al.»* indicated that fourth-year students have a
higher stress level than first-year students. For these reasons, students
should voluntarily choose to attend dental school and be fully aware that
they will be challenged academically and subjected to a high stress level.
Hallissey et al.1s reported that two out of three of students voluntarily
chose medicine and dentistry. In another study, Dogan et al.° reported
that most medical and dental students willingly chose to attend medical
and dental school. Similarly, most of the students who participated in
the present study willingly chose to attend dental school, consistent with
the aforementioned studies.®!> When a student voluntarily enters a
high-stress situation like dental school, they are more likely to be able to
deal with the stress they will face during their education and
professional life.

Over the past decades, more dental students have continued with
specialised education after graduating from dental school. Since 2012,
Turkish dental students have to pass Specialisation Education in
Dentistry Entrance Examination to continue with specialisation after
graduating. Kuglikesmen and Kirzioglul® evaluated the opinions of
students about this exam and reported that the overwhelming majority
of students would like to pass the exam to begin specialised education.1®
Consistently, the vast majority of our students expressed that they
would like to continue with dental specialisation. Various factors such as
academic career, professional satisfaction, social status and interest in
the specialised department play a role in the students’ choice. These
results suggest that the dentistry specialty exam affects the students’
opinions about their career options.

Several studies have investigated dental students’ views about the
dental profession. Dogan et al.? reported that most of the students
chose the dentistry not because they wanted to be a medical doctor or
dentist, but because their university entrance exam score allowed them
to enrol in dental school. There are many other factors including working
conditions, financial security, status in society, the nature of the
occupation, working with people, the use of personal or manual skills
and interest in science and research that may influence a student’s
career choice.71? Toit et al.2% reported that assisting people and flexible
hours are motivations for dental students. Capan et al.2! found that
78.2% of dental students chose dentistry because the profession will
continue to grow. Barnabea et al.22 reported that economic, professional
and family reasons are mostly included in choosing a profession. In our
study, the vast majority of students expressed that social status,
financial input, respectability, flexible working hours and job guarantee
are critical for their career choice; these factors are consistent with
previous reports.17-22 These results suggest that dental students consider
a myriad of factors when plotting their career path.
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There are some limitations to this study. We were only able to
evaluate three classes of students, and we have not evaluated how the
students’ views may change as they progress in their dental education.
Therefore, additional studies are needed to evaluate whether the
students opinion about dentistry change during their education.

To conclude, dentistry is a profession that has a long and difficult
education process. Students who select dentistry should be very aware
of its challenges so they can manage its associated stress. This study
provides information the opinions of students about dentistry and the
reasons for their choice career.
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Evaluation of Dentists' Awareness Level
About Dental Implant Failures in Early
Period

Erken Dénem Dental implant Kaybinda Dis Hekimlerinin
Farkindalik Dizeyinin Degerlendirilmesi

ABSTRACT

Objective: To determine the awareness levels of dentists about possible risk factors in order to prevent
early implant losses.

Methods: The questionnaire form was directed to the participants online. Statistical analyzes were made
with frequency analysis and Chi-square test.

Results: Majority of the participants usually (68.4%) prescribe amoxicillin (postoperatively 1 g 2x1) to
patients in implant surgeries. While the rate of those who thought that prophylactic antibiotic therapy was
mostly and always effective in preventing early implant loss was 17.6%, this rate was 42.7% for
postoperative antibiotherapy applications. The highest rate of thinking that prophylactic antibiotherapy is
effective in preventing early implant loss was found in the periodontology specialist (20.5%) group.
Periodontology specialists (23.3%) were the group who thought that the effectiveness of postoperative
antibiotherapy was the least in this regard. History of periodontitis (76.3%) and postoperative complication
development (73.1%), diabetes (92.4%), smoking (89.8%) and osteoporosis (78.7%) were evaluated as the
factors that have the most impact on early implant loss.

Conclusion: It is thought that the general knowledge level of the dentists participating in the survey about
early implant loss is sufficient. We believe that it would be beneficial to organize postgraduate vocational
training programs in order to eliminate the differences between the knowledge levels of dentists.
Keywords: Awarenes Level, Early Implant Failure, Implant Complications

(074

Amag: Erken donem implant kayiplarinin 6niine gegebilmek adina dis hekimlerinin olasi risk faktorleri
hakkindaki farkindalik diizeylerini saptamaktir.

Yontem: Katilimcilara; online olarak anket formu yéneltildi. istatistiksel analizler, frekans analizi ve Ki Kare
testi ile yapildi.

Bulgular: Katilimcilarin ¢ogunlugu implant cerrahilerinde hastalara genellikle (%68,4) amoksisilin (islem
sonrasi 1g 2x1) regete etmektedirler. Profilaktik antibiyoterapi uygulanmasinin erken dénem implant
kaybini 6nlemede ¢ogunlukla ve her zaman etkili oldugunu diistinenlerin oranlari %17,6 iken postoperatif
antibiyoterapi uygulamalari igin bu oran %42,7 idi. Profilaktik antibiyoterapinin erken dénem implant
kaybini 6nlemede etkili oldugunu diisiinme orani en yiiksek periodontoloji uzmani hekim (%20,5) grubunda
saptandi. Postoperatif antibiyoterapinin bu konudaki etkinliginin en az oldugunu disiinen grup yine
periodontoloji uzmanlari (%23,3) idi. Periodontitis 6ykusi (%76,3) ve postoperatif komplikasyon gelisimi
(%73,1), diyabet (%92,4), sigara kullanimi (%89,8) ve osteoporoz (%78,7) erken donem implant kaybinda
en fazla etkisi olan faktorler olarak degerlendirilmistir.

Sonug: Ankete katilan dis hekimlerinin erken donem implant kaybi ile ilgili genel bilgi diizeylerinin yeterli
oldugu distnulmektedir. Dis hekimlerinin bilgi dizeyleri arasindaki farkhliklari giderebilmek igin mezuniyet
sonrasi mesleki egitim programlarinin diizenlenmesinin faydal olabilecegi kanaatindeyiz.

Anahtar Kelimeler: Farkindalik Diizeyi, Erken Dénem implant Kaybi, implant Komplikasyonlari

INTRODUCTION

Tooth loss can be corrected with prosthetic restorations in partially or completely edentulous patients.
Although it is known that partially edentulous patients function well with fixed dental prostheses, the
majority of patients have difficulty in adapting to removable dental prostheses.! Compared to natural
teeth, patients using removable dental prostheses were found to have low performance in functional tests.
Even with optimal dental prostheses, many oral functions may not be realised at the desired level.l
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Among the treatment options applied to edentulous patients, the
most preferred approach is full-arch implant-supported fixed dental
prostheses.2 However, implant applications are complex processes
involving surgical and prosthetic stages. Besides, many factors such as
age, general health status, socio-cultural characteristics, financial
possibilities, intraoral findings are highly influential on the success of
implant applications.3

Although dental implant treatments have long-term clinical success,
biological, biomechanical and aesthetic complications can be seen in
some cases. Implant losses can be categorised as early or late failures,
depending on the period of occurrence, either before prosthetic
abutment placement (early) or after prosthetic loading (late).* Early
implant losses occur as a result of the formation of a fibrous scar tissue
between the bone and the implant surface instead of a normal wound
healing with bone apposition on the implant surface.>

Dentists undoubtedly have a great role in preventing or reducing
implant losses. This study aimed to determine the level of awareness of
dentists about the possible causes of early implant losses in order to
prevent early implant losses.

METHODS

Location of the Study and Permissions

Necessary permissions were obtained from the Hatay Mustafa
Kemal University Non-invasive Research Ethics Committee for our
prospective survey study. (Approval number 32 dated 16.06.2021).
Informed consents were obtained from the participants before they
started to fill in the survey form. The informed consent form is attached.

Data Collection Tools

The survey forms prepared to obtain data were made available
online to the participants between July 2021 and May 2022.

The survey form was delivered online to 342 participants. The survey
includes 23 questions, 5 for demographic and professional data and 18
for opinions on early implant loss.

Statistical Analysis

In the power analysis of our study, with 5% acceptable error and 95%
confidence level, it was seen that at least 330 people should participate
among 34045 people (the number of dentists in our country in 2021
according to Turkish Dental Association data).

SPSS software version 25.0 (IBM SPSS Corp.; Armonk, NY, USA) was
used for statistical analysis of the data. Data for continuous
measurements are given as mean = standard deviation. Chi-square test
was used for the comparison of categorical variables and the statistical
significance level was determined as 0.05 for all tests

RESULTS

Demographic Data

It was determined that 36.3% (124) of the dentists participating in
our study were female and 63.7% (218) were male. The mean age of the
participants was 35.6 + 8.8 years.

It was observed that 13.5% (46) of the participants worked in an oral
dental health centre, 27.2% (93) in a university, 59.1% (202) in a private
polyclinic/private practice and 0.3% (1) in other institutions. When the
distribution of the speciality areas of the participants was examined, it
was seen that 21.3% (73) of the physicians were periodontology
specialists and 20.5% (70) were maxillofacial surgery specialists. All other
demographic data are shown in Table 1.

Table 1. Professional data of the physicians participating in the study

Parameters All Participants
(n=342)
The organization we have studied, n (%)
Oral dental health center 46 (13.5)
University 93 (27.2)
Private polyclinic/private practice 202 (59.1)
Other 1(0.3)
Area of specialization, n (%)
Periodontology 73 (21.3)
Maxillofacial Surgery 70 (20.5)
Other areas of specialization 30(8.8)
No specialization 169 (49.4)
Implant application experience, n (%)
0-5 years 155 (45.3)
5-10 years 80 (23.4)
10-15 years 71(20.8)
15-20 years 29 (8.5)
Over 20 years 7 (2.0)

Analysing the Relationships between Variables

According to the answers given to the question "How often do you
encounter early implant loss?", it was observed that dentists rarely
(75.1%) encountered early implant loss. According to the answers given
to the question "Do you think that patient gender is effective in early
implant loss?", it was seen that the majority of the participants (70.2%)
thought that patient gender was not effective in early implant loss.
According to the answers given to the question "Do you think that
patient age is effective in early implant loss?", approximately half of the
dentists (46.2%) reported that patient age was not effective in early
implant loss. When the distribution of the responses of the participating
dentists to the question "Do you prescribe antibiotics to patients during
implant surgery?" was analysed, it was observed that the majority of
dentists (68.4%) applied Amoxicillin (1 g 2x1 postoperatively) treatment
protocol to patients during implant surgery (Table 2).

Table 2. Participants' responses 1

All
Questions Participants
(n=342) n (%)

How often do you encounter early implant loss?

Never 17 (5)

Rarely 257 (75.1)

Sometimes 64 (18.7)

Mostly 4(1.2)
Do you think patient gender has an impact on early implant loss (EIL)?

Not effective 240 (70.2)

| see more early implant loss in male patients 49 (14.3)

| see more early implant loss in female patients 53 (15.5)
Do you think patient age has an impact on early implant loss (EIL)?

Not effective 158 (46.2)

| see early implant loss more in the 20-40 age range 9(2.6)

| see early implant loss more in the 40-60 age range 56 (16.4)

Over the age of 60, | see early implant loss more often 119 (34.8)
Do you prescribe antibiotics to patients in implant surgeries?

| do not prescribe 18 (5.3)

Amoxicillin (3 g loading before the procedure) 3(0.9)

Amoxicillin (2 g loading before the procedure) 12 (3.5)

Amoxicillin (1 g loading before the procedure) 11(3.2)

Amoxicillin (2 g loading before the procedure and 1 g 2x1 after the 43 (12.6)

procedure)

Amoxicillin (2 g loading before the procedure and 500 mg 2x1 after the 8(2.3)

procedure)

Amoxicillin (1 g 2x1 after the procedure) 234 (68.4)

Other 13 (3.8)

The answers of the physicians participating in the study to the
questions asked about the possible risk factors of early implant loss are
shown in Table 3. It was observed that the majority of physicians thought
that postoperative antibiotherapy was more effective than prophylactic
antibiotherapy in early implant loss (Table 3).
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The most common factors causing early implant loss were thought
to be a history of periodontitis and the development of postoperative
complications by the majority of participants (Table 3).

Table 3. Participants' responses 2

Never Rarely Sometimes Mostly Always
n (%) n (%) n (%) n (%) n (%)
Prophylactic antibiotic 91(26.6) 113(33) 78 (22.8) 56 (16.4) 4(1.2)
administration
Postoperative antibiotic 42(12.3) 81(23.7) 73 (21.3) 116 (33.9) 30(8.8)
administration
One-stage surgery 35(10.2) 120(35.1) 126(36.8) 57 (16.7) 4(1.2)
Use of short implants 102 (29.8) 115(33.6) 70 (20.5) 50 (14.6) 5(1.5)
Use of narrow diameter implants 105 (30.7) 121 (35.4) 65 (19) 49 (14.3) 2(0.6)
Periodontitis history 5(1.5)  25(7.3) 51(14.9) 206 (60.2) 55 (16.1)
Presence of adjacent teeth 92 (26.9) 147 (43) 78 (22.8) 25(7.3) 0(0)
Development of postoperative 3(0.9) 26 (7.6) 63 (18.4) 231(67.5) 19(5.6)

complications
Segmentation applied to the
surgical site

Immediate implant application 35 (10.2) 147 (43) 105 (30.7) 53 (15.5) 2(0.6)

27(7.9) 153(44.7) 108(31.6) 53(15.5) 1(0.3)

The responses to the survey questions were also evaluated by
classifying them according to their areas of expertise. It was found that
antibiotic applications in the postoperative period were preferred more
frequently by dentists belonging to other specialities and dentists with
no speciality (Table 4).

Table 4. Distribution of participants' opinions on the role of antibiotherapy in
preventing early implant loss according to their specialty

Periodontolog Maxillofacial ~ Other areas of  Dentists

Yy Surgery specialization  without P
(n=73) (n=70) (n=30) specialization
n(%) n(%) n(%) (n=169) n(%)
Prophylactic antibiotic administration .703
Never - Rarely - 58 (79.5) 60 (85.7) 26 (86.7) 138 (81.7)
Sometimes
Mostly - Always 15 (20.5) 10 (14.3) 4(13.3) 31(18.3)
Postoperative antibiotic administration .001
Never - Rarely - 56 (76,7) 49 (70) 18 (60)>° 73 (43,2)°
Sometimes
Mostly - Always 17 (23,3)* 21 (30)° 12 (40)*° 96 (56,8)°

* Letters indicate which groups the statistical significance is between

In addition, other factors that were statistically different between
specialities were the use of narrow diameter implants and periodontitis
history. Dentists from other specialities believe that the use of narrow-
diameter implants causes early implant loss more frequently. The rates
of thinking that periodontitis usually and always caused early implant
loss were found to be 89% in periodontology specialists, 77.5% in
dentists with no speciality, 76.7% in dentists with other specialities and
60% in maxillofacial surgery specialists, respectively (Table 5). When the
effect of systemic conditions on early implant loss was questioned,
similar results were obtained for all specialities. The most common
systemic conditions thought to cause implant loss were diabetes
mellitus  (92.4%), smoking (89.8%) and osteoporosis (78.7%),
respectively (Table 6).

When the effect of surgical site and bone quality-quantity on early
implant loss was questioned, 55.3% of the participants stated that they
encountered early implant loss more frequently in the maxilla posterior
and 73.7% of the participants stated that they encountered early
implant loss more frequently in D4 bone structure (Table 6).

Table 5. Distribution of participants' responses according to their areas of
specialization 1

Periodontology Maxillofacial Other areas of Dentists without
(n=73) Surgery pecializati pecialization P
n(%) (n=70) n (%) (n=30) n (%) (n=169) n (%)
One-stage surgery
Never - 59 (80.8) 62 (88.6) 24 (80) 136 (80.5)
Rarely -
Sometimes .480
Mostly -
Always 14(19.2) 8(11.4) 6(20) 33(19.5)
Use of short implants
Never - 61(83.6) 61(87.1) 23(76.7) 142 (84)
Rarely -
Sometimes .633
Mostly -
Always 12 (16.4) 9(12.9) 7(23.3) 27 (16)
Use of narrow diameter implants
Never - 59 (80,8)° 64 (91,4 18 (60)° 150 (88,8)°
Rarely -
Sometimes .001
Mostly -
Always 14 (19,2) 6(8,6)° 12 (40)° 19 (11,2)
Periodontitis history
Never - 8(11) 28 (40)° 7(23,3)%¢ 38(22,5)
Rarely -
Sometimes .001
Mostly -
Always 65 (89)° 42 (60)° 23 (76,7)*%¢ 131 (77,5)°
Presence of adjacent teeth
Never - 68(93.2) 61(87.1) 26 (86.7) 162 (95.9)
Rarely -
Sometimes .063
Mostly -
Always 5(6.8) 9(12.9) 4(13.3) 7(4.1)
Postoperative complications
Never - 18 (24.7) 21(30) 8(26.7) 45 (26.6)
Rarely -
Sometimes 911
Mostly -
Always 55(75.3) 49 (70) 22(73.3) 124 (73.4)
Segmentation applied to the surgical site
Never - 63 (86.3) 61(87.1) 24 (80) 140 (82.8)
Rarely - 722
Sometimes
Mostly -
Always 10 (13.7) 9(12.9) 6(20) 29(17.2)
Never - 59 (80.8) 64(91.4) 22(73.3) 142 (84)
Rarely - 115
Sometimes
Mostly -
Always 14 (19.2) 6 (8.6) 8(26.7) 27 (16)

* Letters indicate which groups the statistical significance is between

Table 6. Distribution of participants' responses according to their areas of
specialization 2

Periodontology Maxillofacial Other areas of Dentists without All
(n=73) n (%) Surgery specialization specialization participants
(n=70)n (%) (n=30)n (%) (n=169)n (%) (n=342)n (%)

Surgical site
Surgical site has 22(30.1) 15 (21.4) 2(6.7) 33 (19.5) 72 (21.1)
no effect
Maxilla anterior 6(8,2) 9(12.9) 6(20) 40 (23.7) 61 (17.8)
Maxilla posterior 36 (49.3) 40(57.1) 20 (66.7) 93 (55) 189(55.3)
Mandibula anterio 9 (12.3) 13 (18.6) 7(23.3) 29 (17.2) 58 (17)
Mandibula posterior 13 (17.8) 7 (10) 2(6.7) 23 (13.6) 45 (13.2)
Bone quality and quantity
Not effective 5(6.8) 6(8.6) 1(3.3) 16 (9.5) 28 (8,2)
D1 bone 30 (41.1) 28 (40) 7(23.3) 57(33.7) 122(35.7)
D2 bone 3(4.1) 0(0) 2(6.7) 7(4.1) 12 (3.5)
D3 bone 11(15.1) 7 (10) 5(16.7) 24 (14.2) 47 (13.7)
D4 bone 52(71.2) 57 (81.4) 18 (60) 125 (74) 252(73.7)
Systemic conditions
Smoking 68 (93.2) 66 (94.3) 26 (86.7) 147 (87) 307(89.8)
Alcohol 23 (31.5) 27 (38.6) 17 (56.7) 89 (52.7) 156(45.6)
Hypertension 6(8,2) 4(5.7) 9 (30) 20 (11.8) 39 (11.4)
Diabetes 67 (91.8) 67 (95.7) 28 (93.3) 154 (91.1) 316(92.4)
Obesity 13 (17.8) 12 (17.1) 8(26.7) 22 (13) 55 (16.1)
Cholesterol 10 (13.7) 8(11.4) 7(23.3) 14 (8.3) 39 (11.4)
Serum 24 (32.9) 40 (57.1) 10 (33.3) 40(23.7) 114(33.3)
Vitamin D level
Osteoporosis 57 (78.1) 61 (87.1) 25 (83.3) 126 (74.6) 269(78.7)
Menopause 19 (26) 21 (30) 15 (50) 48 (28.4) 103(30.1)
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DISCUSSION

The aim of the study was to determine the awareness levels of
dentists working in Turkey about the factors that may cause early
implant loss and to reveal how these awareness levels vary according to
their specialties.

Implant loss can occur at different time frames during treatment or
follow-up. Traditionally, implants lost before prosthetic loading are
classified as early losses.®7 In the study by Alsaadi et al.8 a total of 2004
patients and 6946 implant applications were evaluated for implant loss.
In this study, 8.9% of patients experienced early implant loss. Early
implant loss was observed in 3.6% of the implants. A recent meta-
analysis that reviewed the entire literature on this topic presented data
from 50 different studies examining early implant loss.? In this meta-
analysis by Tomasi et al.,? the proportion of patients who experienced
early implant loss varied between 0% and 15%. Similarly, the rate of early
implant loss varies between 0 and 5.8% per implant. The fact that these
rates are so variable shows that many factors can be effective on early
implant loss. In our study, when the frequency of early implant loss was
questioned, 75.1% of the participants stated that they rarely
encountered it. The rate of those who stated that they mostly encounter
this problem was 1.2%.

There are some reports that gender is associated with early implant
loss. Olmedo-Gaya et al.1? showed that early implant loss was more
common in male patients. The higher prevalence of this condition in men
has been attributed to the higher prevalence of smoking.1° However, in
another study, gender was not found to be a risk factor.® In our study,
when the opinions about the effect of gender on early implant loss were
questioned, the rate of those who thought that the gender factor was
ineffective was 70.2%. While the rate of those who had more frequent
early implant loss in men was 14.3%, this rate was 15.5% in women. The
opinions of the dentists included in our study regarding the effect of
gender on early implant loss were found to be adequate and generally
consistent with the literature.

Many studies showing a relationship between age and early implant
loss, show that early implant loss is more common over the age of 60.
However, there are conflicting publications on this issue. Noguerol et
al.! showed that old age was protective for early implant loss in their
study. Lin et al.12 compiled the results of more than 30,000 implant
applications and showed that being over 60 years of age is a risk factor
for early implant loss. In our study, when the relationship between age
factor and early implant loss was questioned, the rate of those who
thought that age was not effective was 46.2%. The proportion of dentists
who generally observed early implant loss in individuals over the age of
60 was found to be 34.8%. Considering the conflicting data on age in the
literature, it is not possible to state a definite consensus on this issue.

In a study questioning antibiotic prescribing habits in implant
applications, 217 dentists working in the United States were surveyed.13
Overall, 51.6% of the participants prescribed antibiotics before surgery.
Again, 71.4% of the surveyed dentists prescribed antibiotics after
routine dental implant surgery. The most commonly used preoperative
regimen was 2 g amoxicillin given 1 hour before the procedure (32%).
The most commonly preferred postoperative regimen was 500 mg
amoxicillin given 3 times daily for 5 days (53%).13 Canullo et al.1* found
that prophylactic antibiotic administration helped prevent early implant
loss in healthy patients. Romandini et al.’> concluded in their study with
1,693 patients that although the most commonly used prescription was
a single dose of 2 g amoxicillin preoperatively, the most successful
results were obtained with a single dose of 3 g amoxicillin
preoperatively. When the antibiotic use habits of the participants were
evaluated in our study, it was observed that 5.3% of the dentists did not

prescribe antibiotics. The rate of physicians who applied various
antibiotherapy protocols for prophylaxis in the preoperative period was
22.5%. It was observed that the majority of the participants (68.4%)
applied the amoxicillin 2x1 g protocol postoperatively. When the role of
antibiotic administration in preventing early implant loss was
questioned, the rate of those who thought that prophylactic antibiotic
administration was mostly and always effective in preventing early
implant loss was 17.6%, while this rate was 42.7% for postoperative
antibiotic administration. According to their specialty, 20.5% of
periodontology specialists thought that prophylactic antibiotherapy
could prevent early implant loss. Among all specialties, that consider
prophylactic antibiotic therapy to be the most effective has been
identified as periodontology. Among all specialties, that consider
postoperative antibiotic therapy to be the least effective has been
identified as periodontology. (23.3%). It was observed that the group
who thought that postoperative antibiotic administration was effective
in this regard the most was dentists without specialization (56.8%) and
this difference was statistically significant. There was no statistically
significant difference in the level of awareness regarding the effect of
prophylactic antibiotic use on early implant loss. As seen in international
studies, prophylactic applications are performed less frequently than
postoperative applications worldwide.141> |In our study, there were
different practices regarding antibiotherapy and different approaches
even among specialties.

The relationship between single-stage surgery and early implant loss
is not yet fully understood. Studies on this subject are limited. In a meta-
analysis, Troiano et al.’6 compiled data from 13 different studies. The
study reported that single-stage surgery may cause a higher rate of early
implant loss. However, this was found to be relatively significant. It is
stated that the level of evidence of the results obtained is quite low. In
our study, when the participants were questioned about the effect of
single-stage surgery on early implant loss, the rate of those who mostly
and always thought that this factor could cause early implant loss was
17.9%. According to specialties, maxillofacial surgeons (11.4%) were the
group who thought that single-stage surgery had the least effect on this
issue. Approximately 20% of all other groups thought that single-stage
surgery could often and always cause early implant loss. As a result of
the analysis, it was observed that there was no statistically significant
difference between the awareness levels of physicians regarding single-
stage surgery.

There are many studies showing that short and narrow diameter
implants can cause early implant loss. Alsaadi et al.8 found that narrow
diameter implants are a significant risk factor for early implant loss. Da
Rocha Costa Coelho et al.l” evaluated 594 patients and 2,537 dental
implant applications in their study. In this study, early loss rate was
found to be significantly higher in implants with diameters shorter than
8.5 mm and narrower than 3.75 mm. However, there are many other
studies not confirming these results.1112181% |n the study by Derks et
al.’® in the Swedish population, it was shown that narrow implants are
not a risk factor, instead short implants may be a more important risk
factor. Lin et al.l2 showed that short implants rather than narrow
implants are an important risk factor. However, there are many studies
not confirming these results either.1820 When the effect of short and
narrow implant use among the factors that may be effective in early
implant loss was questioned among the participants, the rate of those
who thought that short implant use was mostly and always effective was
16.1% and the rate of those who thought that narrow implant use was
mostly and always effective was 14.9%. When the participants were
evaluated according to their specialties, the rates of thinking that the
use of short implants was effective were found to be similar between
specialties. The rate of dentists who thought that narrow-diameter
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implants were effective on early implant loss was 40% among dentists
from other specialties. This rate was statistically significantly higher than
the other groups. Such short and narrow diameter implants are used in
some special patient groups. Especially this group of patients with
insufficient bone tissue is already at risk for early implant loss. Therefore,
it is not yet clear whether early implant loss is caused by short and
narrow diameter implants or by other risk factors. Dentists with no
specialization and other specialties may prefer short and narrow
diameter implant applications rather than potentially complex
augmentation procedures in these patient groups with insufficient bone
tissue. The dentists participating in our study also generally think that
short and narrow diameter implants are not a significant risk factor for
early implant loss. Only a statistically significantly higher proportion of
dentists from other specialties (40%) consider this factor to be influential
in early implant loss.

A meta-analysis by Sgolastra et al.2 compiled data from 16 different
studies and as a result, it was found that having periodontitis had
significant effects on early implant loss. The rate of those who thought
that periodontitis could often and always cause early implant loss was
76.3%. Among specialties, the rates of thinking that periodontitis often
and always causes early implant loss are 89% in periodontology
specialists, 77.5% in dentists without specialization, 76.7% in dentists
with other specialties and 60% in maxillofacial surgery specialists,
respectively. It was observed that maxillofacial surgery specialists
thought that this factor was less effective in early implant loss compared
to other specialties and this difference was statistically significant.

Theoretically, it has been suggested that the presence of adjacent
teeth may cause implant loss,22 however, there is no clear study on this
subject. It is thought that the implant may damage the neighboring
tooth, making it devital and may cause implant loss with the infection
that may develop. In our study, the presence of adjacent teeth was the
factor least likely to cause early implant loss (7.3%). It was found that
there was no statistically significant difference in the opinions about the
effect of the presence of adjacent teeth on early implant loss between
the specialties. However, periodontologists and non-specialized dentists
considered the presence of adjacent teeth to be less influential (6.8%
and 4.1%, respectively). Rare complications such as loss of vitality of the
adjacent tooth and early implant loss are not considered as clear risk
factors. The dentists included in our study generally think similarly.

Some postoperative complications may cause early implant loss. Da
Rocha Costa Coelho et al.l” showed that early implant loss may be
observed more frequently after implant surgery if postoperative
complications such as wound dehiscence, pus flow, infection and pain
develop. In our study, the second factor thought to be most effective on
early implant loss was the development of postoperative complications.
The rate of those who thought that the development of postoperative
complications was mostly and always caused by early implant loss was
73.1%. In each of the specialties, it was thought that the development of
postoperative complications could cause early implant loss in
approximately 70-75% of cases. The development of complications such
as infection and wound dehiscence in the postoperative period is an
important risk factor for early implant loss.” The dentists participating
in our study were also found to have a high and sufficient level of
awareness on this issue.

Olmedo-Gaya et al.1% found that the application of augmentation
procedure for the surgical site was a risk factor for early implant loss.
However, these patients with insufficient bone tissue already have other
risk factors for early implant loss, making it difficult to determine which
factor is more effective. In our study, the rate of those who thought that
augmentation of the implant site was mostly and always effective in

early implant loss was 15.8%. This opinion was found to be similar
between specialties and no statistically significant difference was
observed. In general, the participants did not consider the fact that
augmentation had been performed as a risk factor. There is not much
literature data on this subject and there is no consensus.

Jemt et al.22 found that immediate implant placement after tooth
extraction is a risk factor for early implant loss. However, there are not
many studies on this factor. Randomized controlled trials and meta-
analyses are needed on this subject. In our study, the rate of those who
thought that immediate implant application was mostly and always
effective in early implant loss was 16.1%. When evaluated according to
specialties, the rate of thinking that immediate application is mostly and
always effective in early implant loss was 8.6% among maxillofacial
surgeons. This rate was the lowest among other specialization groups.
However, no statistically significant difference was found between
specialties. According to the data we obtained in our study, participants
do not think that this practice is an important risk factor. Personal
experience comes to the fore in these issues where there is not much
literature data.

The surgical site has always been considered an important risk factor
for early implant loss. Many studies have shown that implant placement
in the maxilla is an important risk factor for early implant loss.2*
Rosenberg et al.2* reported that the risk was higher in the posterior
region of the maxilla. Similarly, Alsaadi et al.® found a high risk in the
posterior maxilla. However, a large cohort study by Lin et al.’? revealed
that the anterior region of the mandible is a more important risk factor.
In our study, when the opinions of the participants about the surgical
site factor, which was evaluated among the effective factors in implant
loss, were questioned, in general, all specialties reported that early
implant loss is most common in the posterior region of the maxilla.
However, approximately 1 in 3 (30.1%) periodontologists think that the
surgical site has no effect. Many studies have emphasized the
importance of the surgical site for early implant loss.812 According to
literature data, caution and awareness should be kept high in terms of
early implant loss, especially in posterior maxilla applications.

In a study by Nicolielo et al.?> evaluating bone quality and quantity,
a higher rate of early implant loss was observed in D4 bone structure.
When the answers of the participants to the question about the effect
of bone quality and quantity on implant loss were analyzed in our study,
all dentists reported that a high proportion (73.7%) of them thought that
the D4 bone structure caused implant loss. Among periodontologists,
this rate was 71.2%. It is known that the D4 bone structure is mostly
located in the posterior part of the maxilla.?> It was found that it is well
known that early implant loss is more common in D4 bone structure and
awareness on this issue is high.

A Japanese study on implant loss in smokers showed that smoking
increases the risk of early implant loss.2¢ In addition, this study showed
that smoking after the surgical procedure was effective in early implant
loss, independent of smoking duration. The effect of smoking and
alcohol use on implant survival was examined in the study by Galindo-
Moreno et al.?7 In this study, smoking and alcohol consumption of more
than 10 grams per day were shown to have significant effects on
periimplant marginal bone loss. However, no data on early implant loss
has been presented.?” Many other studies have also shown that smoking
is a significant risk factor for early implant loss.? In our study, the rate of
thinking that smoking caused implant loss was 89.8%, while the same
rate for alcohol was 45.6%. These rates were similar among all specialty
groups. While the awareness of the dentists participating in our study
about smoking is at an adequate level, no clear conclusion could be
reached at the level of awareness about alcohol consumption. More
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studies on the relationship between alcohol consumption and early
implant loss are needed.

Diabetes is thought to be closely associated with early implant
loss.282% Many experimental studies have shown the negative effects of
diabetes on implant healing. Diabetes mellitus impairs wound healing
and increases susceptibility to infection.?82° Moy et al.?° found that
diabetic patients had more than twice the risk of implant failure. Morris
et al.28 found a very small increase in risk in patients with diabetes (6.8%
vs. 7.8%). However, in some human studies, the relationship between
the presence of diabetes and early implant loss has not been clearly
demonstrated.830 Hypertension is also suspicious for the risk of early
implant loss. However, this relationship has not been demonstrated in
any study.3! In our study, participants in all specialty groups reported
that diabetes was the most common systemic factor causing implant loss
(92.4%). The presence of hypertension (11.4%) was one of the factors
least likely to cause implant loss in all specialty groups. Systemic factors
may be overlooked by many dentists or not questioned sufficiently
before the procedure. However, in our study, it was shown that the
awareness level of all dentists was very good in terms of the relationship
of diabetes with early implant loss. Although the results cannot be
shown conclusively, it is an important requirement for dentists to have
a high awareness of systemic disease.

A recent meta-analysis by Monteiro et al.32 compiled the results of 6
different studies and concluded that there was no significant relations-
hip between obesity and implant complications. A cohort study in Italy,
which evaluated 277 patients, showed no association between high
cholesterol levels and implant losses.33 Obesity (16.1%) and high
cholesterol (11.4%) were the systemic factors least likely to cause early
implant loss in our study. Studies have not shown a relationship between
these factors and early implant loss. The majority of dentists working in
our country think that these factors are ineffective, in line with the data
in the literature.

The relationship between vitamin D levels and early implant loss has
long been a focus of interest for researchers. This is mainly due to the
effects of Vitamin D levels on bone metabolism. Guido Mangano et al.3*
found no relationship between serum vitamin D levels and early implant
loss. There are also many studies questioning the relationship between
early implant loss and osteoporosis. Alsaadi et al.® showed that
osteoporosis is one of the most influential factors on early implant loss.
A meta-analysis by Medeiros et al.3> concluded that there was no
significant relationship between osteoporosis and implant survival.
Much more randomized controlled clinical trials are needed to clarify
this issue. In our study, 78.7% of the participants thought that there was
a relationship between osteoporosis and early implant loss and this rate
was similar among all specialty groups. The rate of those who thought
that serum vitamin D levels were important for early implant loss was
33.3%. More than half of maxillofacial surgeons (57.1%) consider vitamin
D to be an important risk factor for early implant loss. Rates are similar
in other specialties. Although there are no definitive results in terms of
both vitamin D levels and osteoporosis, osteoporosis is considered to be
an important risk factor for early implant loss by the dentists
participating in our study. Although it has not been conclusively proven,
itis important to be aware of the patient's systemic conditions and to be
careful in these patients in terms of early implant loss.

Oral hygiene, surgical experience of the operator, implant surface,
and bisphosphonate use are among the factors that draw attention
when we look at the answers given to the open-ended question. Since
patients with poor oral hygiene are likely to develop postoperative
complications, this factor was already indirectly assessed in the
questionnaire. The surgical experience of the operator is important in
terms of factors to be considered during the procedure. Implant surgery
is an important treatment protocol that requires knowledge, experience

and attention. Today, it is difficult to say that there is a definite
relationship between implant surface and early implant loss.25

CONCLUSION

According to the results we obtained in our study, it was determined
that the level of knowledge of dentists about early implant loss is
sufficient in general. It is noteworthy that postoperative antibiotic use is
much more intensive than prophylactic antibiotic use. The fact that
there are many studies showing the effectiveness of prophylactic
antibiotherapy in preventing early implant loss reveals the need to
increase the level of awareness of the situation. Regarding some factors,
differences were found in the awareness levels of specialist physicians
in terms of level of knowledge. Therefore, we believe that it would be
important to review and standardize dental implant curricula across
institutions to eliminate the differences between specialties.
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The Effect of Preheating on Fissure Sealant
Viscosity

On Isitmanin Fisstir Ortiicli Viskozitesine Etkisi

ABSTRACT

Objective: Fissure sealant application is used for the prevention of caries. The viscosity of the fissure
sealant directly affects the retention of the material to the tooth. Heating resin-containing materials before
polymerization decrease the viscosity of the material. The purpose of this study was to examine the fluidity
levels of four different fissure sealants containing resin with different filling ratios at different
temperatures before polymerization and to evaluate the obtained data by comparing them.

Methods: The study of four different fissure sealant materials with resin content with different filler ratios
(0%, 30%, 55%, and 70%) were heated at different temperatures (42C, 232C, 392C, and 552C) before
polymerization. With the fluidity measurement between the two glasses, 20 fluidity measurement values
were obtained at each temperature value, and a total of 320 measurements were made. The data were
statistically evaluated with a two-way robust ANOVA analysis.

Results: The study it was determined that the fluidity values of the fissure sealants increased with the
heating process before polymerization. The best result in terms of fluidity in the fissure sealants without
filler was obtained at a temperature of at least 232C. In the fissure sealants containing 30% and 55% filler,
there was a significant difference in fluidity values when the temperature difference was large.
Conclusion: It is thought that the filling ratio and temperature affect the fluidity in fissure sealants and that
the appropriate temperature should be selected by considering the filling ratios to obtain the best result
in terms of fluidity.

Keywords: fluidity, viscosity, preheating, fissure sealant, the heating device.

0z

Amag: Clriklerin 6nlenmesi igin fisstir orttct uygulamasi kullanilmaktadir. Fissiir értlictintin viskozitesi
materyalin dise retansiyonunu dogrudan etkilemektedir. Rezin igerikli materyallerin polimerizasyon dncesi
isitilmasi materyalin viskozitesini azaltmaktadir. Bu ¢alismanin amaci; farkl doldurucu oranlarina sahip
rezin igerikli dort farkh fissir ortlicinin polimerizasyon oncesi farkh sicakliklarda olmasi saglanarak,
akigkanlik dizeylerinin in vitro kosullarda incelenmesi ve elde edilen verilerin karsilastirilarak
degerlendirilmesidir.

Yontemler: Calismada, farkli doldurucu oranlarina sahip (%0, %30, %55 ve %70) rezin igerikli dort farkli
fissir drtlicii materyali polimerizasyon &ncesi farkli sicakliklarda (42C, 232C, 392C ve 552C) isitildi. iki cam
arasinda akigskanhk 6l¢limu ile, her bir sicaklik degerinde 20’ser akigkanlik 6lgim degeri elde edilerek
toplam 320 6lgiim yapildi. Veriler iki yonli robust ANOVA analiziyle istatiksel olarak degerlendirildi.
Bulgular: Calismada polimerizasyon dncesi 1sitma islemiyle fissiir 6rtiiciilerin akiskanlik degerlerinde artis
oldugu, doldurucu icermeyen fissiir ortiicilerde akiskanlik agisindan en iyi sonucun en az 239C sicaklikta
elde edildigi, %30 ve %55 doldurucu igeren fissiir érticllerde ise sicaklik dereceleri arasindaki fark fazla
oldugunda akigkanlik degerlerinde anlamli fark gosterdigi saptandi.

Sonug: Fissur ortlicilerde doldurucu orani ve sicakhigin akiskanlik Uzerinde etkili oldugu, akiskanhk
acisindan en iyi sonucun elde edilebilmesi icin doldurucu oranlari dikkate alinarak uygun sicakligin segilmesi
gerektigi disuntlmektedir.

Anahtar Soézciikler: akiskanlik, viskozite, 6n i1sitma, fisslr ortic, 1sitma cihazi

INTRODUCTION

Dental caries is an infectious disease that is common in all age groups.! It occurs when the acid released
as a result of the usage of fermentable carbohydrates by microorganisms destroys the calcified tissues of
the tooth.2 The types of caries are categorized based on their location and include pit-fissure caries, root
surface caries, and flat surface caries. Pit-fissure caries are the most common types of caries lesions.3

Although dental caries are largely preventable, it remains a common disease across the globe. One of the
various protective applications for the prevention of dental caries is fissure sealant applications 2. Fissure
sealants prevent tooth decay by closing the pits and fissures of the teeth and preventing the accumulation
of bacteria and bacterial nutrients in the area.> Retention is the most important factor in the successful
application of fissure sealants. Retention directly affects the adaptation and adhesion of the fissure sealant
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to the tooth surface, thus facilitating its success and longevity.® The
viscosity of fissure sealants is another factor that affects the retention of
the sealant to the tooth. The viscosity of the fissure sealant directly
affects the adhesion of the material to the tooth.” Studies have reported
that the lower the viscosity value, the better the penetration of the tooth
into the fissures and the more effective the retention 8. The filling ratio
of fissure sealants containing resin affects the viscosity of the material.
Fissure sealants with a low filling ratio have lower viscosity and higher
fluidity.>

Temperature is another factor affecting viscosity. Increasing the
temperature of resin-containing materials increases the mobility of free
radicals and decreases the viscosity of the material. The decrease in
viscosity allows the material to better penetrate the tooth, resulting in
higher retention °. Fissure sealants can more effectively penetrate the
pits and fissures on the tooth surface when the viscosity value is
reduced. In this way, the fissure sealant can successfully penetrate the
enamel surface and the formation of caries in the tooth can be
prevented.10

Most of the research on the effectiveness and success of fissure
sealants addressed retention and microleakage, but studies evaluating
the viscosity or fluidity of fissure sealants and heating fissure sealants
are very limited. In light of this information, the present study aimed to
examine the viscosity levels of four different fissure sealants containing
resin with different filling ratios at different temperatures before
polymerization and to evaluate the obtained data by comparing them.

METHODS

In the study, four different fissure sealants containing resin with
different filler ratios (0%, 30%, 55%, 70%) were used (Table 1). Each type
of fissure sealant was evaluated by heating at four different
temperatures (42C, 232C, 399C, and 55°C) before polymerization.
According to the power analysis performed before the study, the
number of measurement values required for each temperature of each
fissure sealant was suggested as 6, with 95% test power (1-B), 95%
confidence (1-a), f = 1.045 effect size. In this study, 20 fluidity
measurement values were obtained for each of the four types of fissure
sealants used at each temperature value; thus, a total of 320
measurements were obtained. The fissure sealants were stored in a
refrigerator for 48 hours to reach a temperature of 42C. To reach 232C
room temperature, the fissure sealants were kept at room temperature
for 48 hours. A composite heating device (Micerium, S.p.a., Avegno GE,
Italy) was used to heat the fissure sealants to 392C and 552C.

For each measurement, 0.05 ml of fissure sealant was placed on the
glass layer. To ensure standardization in all measurements, 20 insulin
syringes for each temperature of each fissure sealant were prepared
with 0.05 ml of fissure sealant in each syringe. The insulin syringes were
placed in the heating device. After each type of fissure sealant in the
prepared insulin syringes reached the desired temperature, it was
placed in the middle of a pre-prepared glass layer (100mmx100mmx
4mm) without decreasing its temperature. Then, a second glass layer
weighing 100 g was placed over the fissure sealant. Afterwards, another
500 g weight was placed on the glass and a total of 600 g of weight was
applied on the fissure sealant for 300 seconds. Then, the 500 g weight
on the glass was removed. For a single measurement value, the diameter
of the fissure sealant spread between two layers of glass was measured
using a digital caliper from three different points in millimeters, and the
average of these three measurement values was calculated and
recorded.

Statistical Analysis

Data analysis were done with the R Project version 2021.09.0 (A
language and environment for statistical computing. R Foundation for
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Statistical Computing, Vienna, Austria). The conformity to the normal
distribution was examined using the Shapiro Wilk test. A two-way robust
ANOVA test was performed using the WRS2 package for 2-way
comparison of the non-normally distributed fluidity values according to
group and degree. The quantitative data values were given by finding
the mean % standard deviation value and the median (minimum -
maximum) value. The significance level of the analysis was taken as
P<.05.

RESULTS

A statistically significant difference was observed between the
median fluidity values of each fissure sealant group at four different
temperatures (Table 2). The highest fluidity median value was found in
the group without filler and the lowest fluidity median value was found
in the group containing 55% filler. However, no statistically significant
difference was observed between the group containing 55% filler and
the group containing 70% filler (Table 3).

No significant difference was observed between the fluidity values
of the group without filler at 239C, 392C, and 552C. However, a
significant difference was found between the fluidity values at 42C and
the fluidity values at the other temperatures (Table 4).

Table 1. Fissure sealants used in the study and their chemical contents

Trade name Chemical content Manufacturer Filler

ratio
Teethmate F1 TEGDMA, HEMA, MDP-F, colloidal silica, Kuraray, 0%
(Resin- camphoroquinone,  methacryloyl-fluoride- | Osaka, Japan
containing) methyl methacrylate copolymer,

accelerators, initiator, pigment and dye,
hydrophobic dimethacrylates
Dyract seal DGDMA, hydrated silicon dioxide, strontium Dentsply, 30%

(Compomer- alumino-fluoro-silicate glass, phosphoric acid Konstanz,
containing) modified methacrylate resin ammonium salt, Germany
camphoroquinone, carboxylic acid modified
macromonomer, ethyl-4-dimethyl amino
benzoate, BHT, titanium dioxide
Fissured fx BIS-GMA, TEGDMA, UDMA, Bis-EMA, Voco, 55%
(Resin- inorganic and glass ionomer filler (maximum Cuxhaven,
containing) 10 pm), 2% NaF Germany
Grandio Seal Bis-GMA, TEGDMA, Voco, 70%
(Resin- Inorganic Nanohybrid Fillers Cuxhaven,
containing) Germany

Table 2. Comparison of the fissure sealant and fluidity values according to
temperature degree

Test Statistic P
Fissure sealant 925.3141 .001
Degree 444.7368 .001
Fissure sealant * Degree 214.657 .001

2 Robust 2-way ANOVA

Table 3. Median values of the fluidity values of the fissure sealants at four
different temperatures

Fissure Sealant Mean + S. Deviation Median (Min. - Max.)
Without Filler Fissure 57.9+6.0 58.7 ¢
Sealant (45.1-68.2)
Fissure Sealant Containing 451+2.4 455b

30% Filler (40.1-49.3)
Fissure Sealant Containing 42.7+4.4 41.32

55% Filler (36.2-50.2)
Fissure Sealant Containing 42.1+2.0 4242

70% Filler (36.8—47.1)

a<There is no difference between the main effects with the same letter (P <.05).
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Table 4. The flowability values of the fissure sealants evaluated at different
temperatures

Fissure Sealant Degree Mean * S. Deviation Median (Min. - Max.)
Without Filler 4°C 50.8 £3.7 50.66
Fissure Sealant (45.1-58.9)
23 9C 58.9+4.7 58.8 F
(52.2-68.2)
39¢eC 59.2+4.9 59.1F
(50.0-67.1)
55¢C 629+3.1 64.1F
(55.8—68.1)
Fissure Sealant 49C 42.8+2.0 42.5AF
Containing 30% (40.4—47.3)
Filler 23 9C 44.4+2.0 44,3 D¢
(40.1 - 48.8)
399C 46.0+1.6 46.180
(41.3-48.4)
55¢C 47.0+1.5 47.28
(42.5-49.3)
Fissure Sealant 49C 38.7+1.7 38.0¢
Containing 55% (36.2—42.2)
Filler 23 eC 39.2+1.2 39.4¢
(37.2-40.9)
399C 46.0 £3.0 46.680
(37.2-50.2)
55¢eC 46.8+2.7 47.386
(41.5-50.1)
Fissure Sealant 4°C 41615 41.94
Containing 70% (39.0-45.3)
Filler 23 9C 40.8+2.3 41.8A¢C
(36.8—44.2)
399C 43.0+1.3 43,148
(39.8-44.9)
55¢eC 431+1.8 42.64¢
(39.4-47.1)

A6 There is no difference between interactions with the same letter (P <.05).

Table 5. The flowability values and comparative results at four different
temperatures, independent of the fissure sealant groups

Group Degree Mean £ S. Deviation Median (Min. - Max.)
Total 49C 43.5+5.1 42.2¢
(36.2-58.9)
23°C 45.8 £8.3 42.9 bc
(36.8—68.2)
39°C 48.5+7.0 46.3
(37.2-67.1)
552C 50.0 + 8.0 47.22
(39.4-68.1)
Total 46.9+7.6 45.0
(36.2-68.2)

a¢There is no difference between the main effects with the same letter (P <.05).

There was no statistically significant difference between the
viscosity values of the group containing 30% filler at 42C and 232C, 232C
and 399C, 392C and 552C. However, a statistically significant difference
was found between the fluidity values at the other temperatures (Table
4).

No statistically significant difference was found between the fluidity
values of the group containing 55% filler at 42C and 232C and 392C and
552C. However, a statistically significant difference was observed
between the fluidity values at the other temperatures (Table 4).

There was no statistically significant difference between the fluidity
values of the group containing 70% filler at 42C, 232C, 392C, and 552C
(Table 4).

When analyzed independently of the material groups, no statistically
significant difference was found between the fluidity values at 42C and
239C, 232C and 392C, and 392C and 552C. However, a statistically
significant difference was observed between the fluidity values at 42C
and 399C, 42C and 559C, and 232C and 552C (Table 5).

There was no significant difference between the fluidity values of
the group containing 30% filler at 42C and the group containing 70%
filler. A significant difference was found between the other groups at 42C
(Table 4).

There was no significant difference between the fluidity values of the
group containing 55% filler and the group containing 70% filler at 232C.
A significant difference was found between the other groups at 232C
(Table 4).

There was no significant difference between the fluidity values of the
group containing 30% filler and the group containing 55% filler at 392C
and 5529C. A significant difference was found between the other groups
at 392C and 559C (Table 4).

When the fluidity values were compared regardless of the material
groups and temperatures, the highest median fluidity value was
obtained at 552C in the group without filler and the lowest median
fluidity value was obtained at 42C in the group containing 55% filler
(Table 4).

DISCUSSION

Fissure sealant application is the method most frequently used to
prevent caries on the occlusal surfaces of teeth.!! Today, resin-based
fissure sealants and glass ionomer-based are most commonly used as pit
and fissure sealants. Many studies have reported that resin-based
fissure sealants are the most successful fissure sealants.> 7 Most of the
research on the efficacy and success of fissure sealant materials
addressed retention and microleakage. Few studies have evaluated the
viscosity or fluidity of fissure sealants. It is thought that the limited
number of studies examining the fluidity of fissure sealants may be due
to the assumption that less viscous materials show better flow resulting
in better penetration into pit and fissure cavities.10

Viscosity is the resistance of a liquid to flow. This resistance is
controlled by the internal frictional forces in the fluid. A liquid with a high
viscosity flows slowly. Higher viscosity causes poor adaptation of the
sealant to the tooth and incomplete penetration while reducing the
retention of the sealant to the tooth. A low-viscosity sealant has a higher
potential to spread and more quickly penetrate the tooth surface.'? The
depth of penetration is an important factor that can increase the life,
durability, and adaptation of the fissure sealant. The low fluidity of the
fissure sealant can lead to a decrease in the flow of the fissure sealant
to the base of the fissures, resulting in incomplete penetration depth,
especially in the case of narrow and deep fissures, such as IK-type and I-
type. Moreover, less penetration depth reduces the retention of the
fissure sealant.’3

The polymerization of resin-containing fissure sealants is carried out
with light. For the restoration to be healthier, the degree of
polymerization must be high. When the degree of polymerization
increases, the amount of residual monomer decreases, and the physical
properties of the material increase.’® If the polymerization of the
material is not sufficient, microleakage, discoloration in the restoration,
secondary caries formation, and retention problems can be observed.
Many factors affect the depth of polymerization, including the power of
the light source, the particle size, the color of the resin, and the
temperature.®. 15 Increasing the temperature of resin-containing
materials increases the degree of polymerization. The rise in
temperature increases the mobility of free radicals; accordingly, the
viscosity of the resin decreases and additional polymerization occurs,
resulting in better chemical and physical properties of the material.® 16
The adaptation of the resin-containing material to the cavity walls
increases as the viscosity of the resin-containing materials decreases,
and the fluidity increase with the heat application process before
polymerization. The increase in the adaptation of the material increases
the retention between the tooth and the restoration, thus reducing
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secondary caries and post-operative sensitivity. Moreover, heat
application before polymerization shortens the amount of time needed
for the resin-containing material to harden.? 16

The use of the heating process has increased in popularity in recent
years, but the heating process is generally used in dentistry for
composite materials and canal filling pastes.l” To date, few studies have
focused on the heating of fissure sealants. In the study conducted by
Gorseta et al., it was found that the application of preheating to glass
ionomer cement, which can be used as pit and fissure sealants, improves
the mechanical properties of the fissure sealants.!® In another study by
Gorseta et al., it was reported that when the fissure sealant containing
glass ionomer is heated, microleakage decreases, and marginal
adaptation improves.1® Borges et al. 20 reported that fissure sealants
heated to 682C with a preheating process showed better marginal
adaptation in comparison to those used at room temperature, and less
space was formed between the fissure sealant and the tooth.

In a study by Knight et al., three different composite materials were
preheated. That study found that the heating process reduces the film
thickness of the material and reduces its viscosity.2! In a study in which
the composite material was preheated, it was reported that the fluidity
of six different restorative composite resins that were heated to 602C
before polymerization increased in comparison to the materials used at
23°C room temperature . In another study, it was reported that
preheating of composites increased the microhardness of the samples
and decreased their viscosity.2?2 Marcondes et al. 23 applied the heating
process to apply to 10 different composites; they reported that the
viscosity of the composites decreased between 47% and 92% with the
preheating process. Loumprinis et al.24 reported that preheating causes
a 30-82% decrease in the viscosity of composites. Al-Ahdal et
al.?reported that the increase in temperature decreased the viscosity of
all the studied composites by 40% to 90%. Davari et al. heated two
different composites at 4°C, 23°C, and 37°C to evaluate the micro-tensile
bond strength of the composite to dentin; they reported that heating
increased the bond to dentin.2® Similar to these results, in our study,
when the fluidity values of the four different fissure sealants at four
different temperatures were examined, the highest median fluidity
value for each fissure sealant was found at 552C and the lowest median
value was found at 42C. Similar to the studies performed with resin-
containing materials, the present study observed that the fluidity values
increase with the increase in temperature in fissure sealant materials.

The viscosity of a resin-containing material is affected by both
organic and inorganic compounds. The type and amount of each
monomer used are directly responsible for the viscosity of the organic
matrix. The amount, shape, and size of the filler particles in resin
materials also directly affect the viscosity.?” It is thought that a fissure
sealant that does not contain filler will penetrate deeper into the enamel
surface and provide better adhesion.>

In our study, there was no significant difference between the fluidity
values at 232C, 392C, and 552C in the group without filler; however, a
significant difference was found between the fluidity values at 42C and
239C and 392C and 552C. Thus, the fluidity value of the group without
filler is significantly lower at 49C than at the other temperatures, but
there was no significant increase in the fluidity value of the material at
temperatures higher than 232C. Our study results suggest that instead
of using filler-free fissure sealants at a temperature of 49C, bringing
them to a temperature of at least 232C would be the best way to use
them in terms of fluidity of the material. Similar to the results of our
study, Papacchini et al.28 compared the bond strengths of three different
composites heated before polymerization at 42C, 232C, and 372C and
reported that the temperature had a significant effect on the bond
strength by reducing the viscosity. The bond strength of two different
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composites increased significantly when the temperature was increased
from 4°C to 23°C, but no significant difference was found between 232C
and 379C.28

In our study, when comparing the groups with fillers at different
temperatures, there was no significant difference between the fluidity
values of the group containing 30% filler at 42C and 232C, 232C and 399C,
and 399C and 552C when the temperature difference increased, a
significant difference was found between the fluidity values between
4°C and 399C, 4°C and 55°C, and 239C and 559C. There was no
statistically significant difference between the fluidity values of the
group containing 55% filler when compared at 42C and 232C and at 392C
and 559C. However, a significant difference was found between the
fluidity values at other temperatures. These results suggest that in order
to create a significant difference in the fluidity values between the two
temperatures of the 30% filler group and the 55% filler group, the
difference between the temperatures should be great. It has been
reported that the fluidity values of fissure sealants increase as the
temperature difference increases. Choudhary et al.2® evaluated the
viscosity and adaptation rates of two different composites at 232C, 379C,
and 542C. They observed better adaptation and less total void space
formation at 54°C in comparison to 23°C and 37°C, which is similar to our
study, and no significant difference was found between 23°C and 37°C.
In the study by Dionysopoulo, the film thickness of the material was
evaluated by heating the composite material at 232C, 542C, and 60°C.
They reported that there was no significant difference in film thickness
between the groups heated to 542C and 60°C.30 In the study by Davari et
al., 2% two different composites were heated at 4°C, 23°C, and 37°C, and
the microtensile bond strength of the composite was evaluated; there
was no significant difference between the microtensile bond strengths
in the dentin of the two composites at 4°C and 23°C. The viscosity of
conventional and flowable composites was evaluated by Loumprinis et
al. at five different temperatures (23°C, 30°C, 37°C, 45°C, and 54°C). In
that study, a significant difference was found between 23°C and 54°C for
all composite types, but no significant difference was found between all
the materials at the other temperature values.?* These results support
the finding in our study that the difference between the temperatures
should be large in order to observe a significant difference in the fluidity
values of the groups containing 30% and 55% filler.

In our study, no statistically significant difference was observed
between the fluidity values of the group containing 70% filler at 4°C,
23°C, 39°C, and 559°C. This result demonstrates that there is no
significant difference in the fluidity value when the heating process is
applied to fissure sealants with a high filling ratio. When all the results
were evaluated, as the filling ratio of the fissure sealant increased, the
effect of the heating process on the fluidity of the material decreased.
This result suggests that the structure that causes the change of fluidity
by heating the resin-containing materials is the organic matrix structure,
not the filler content of the material. Blalock et al. evaluated two
composite materials with similar filler contents (77% and 60%) heated
to 549C; they reported that there is a more than two-fold difference
between the film thicknesses of the two materials brought to the desired
temperature 31 The heating process does not directly affect the ceramic-
containing inorganic particle. The heating process before polymerization
increases the fluidity of the material by affecting the ease of movement
of the filler particle in the heated resin matrix, so the organic matrix
structure of the resin materials can affect the fluidity. Blalock et al. 31
explained that the difference in film thickness between these two
materials with close filler contents is very high due to the difference in
the organic matrix structure of the materials. Lee et al. 32 investigated
the viscosity changes by increasing the temperature according to the
organic matrix composition of resin-containing materials When the
temperature was increased from 252C to 352C, the viscosity decreased
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significantly and the material with an organic matrix structure with high
Bis-pheno A glycidyl metakrilat (Bis-GMA) content became more fluid as
the temperature increased in comparison to the material with high
Trietilen Glikol Dimetakrilat (TEGDMA) content. That study shows that
the organic matrix structure is also effective in changing the fluidity
value of resin-containing materials with a temperature increase.3?2

In our study, when the fluidity values were compared regardless of
the material groups and the different temperatures, the highest fluidity
median value was obtained at 552C in the group without filler and the
lowest fluidity median value was found at 42C in the group containing
55% filler. Since the organic matrix ratio was higher in the filler-free
group than in the other filler-containing groups, the highest fluidity value
was reached at 559C, that is, at the highest temperature. When the filling
ratio of the fissure sealant is the highest, the organic matrix ratio is the
lowest and the effect of the heating process on the fluidity value
decreases. Supporting this, the lowest fluidity value was found in the
group containing high filler: 55% at 42C. Loumprinis et al. measured the
fluidity values of composites at five different temperatures, and the
highest fluidity value was measured in the composite with the lowest
filler ratio and at the highest temperature of 542C.2* Marcondes et al. 23
evaluated the viscosity of 10 restorative resin composites by heating
them to 392C and 682C; it was determined that the lowest viscosity value
was found at 682C and in the group with the lowest filler ratio. In these
studies, similar to our study, it was reported that when the filling ratio
of the material decreased and the heating process was applied, the
fluidity decreased.

CONCLUSION

As a result of our study, it is thought that the filler ratio and
temperature have an effect on the fluidity of fissure sealants. Thus, to
ensure best fluidity, the appropriate temperature should be selected by
considering the filler ratios. Since there are very few studies in the
literature on this subject, the findings of this study need to be supported
by in vitro and in vivo studies.
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Comparison of Edgefile X3-One Curve File
Systems and Cold Lateral Condensation-
Single Cone Filling Techniques in
Monoblocks With Simulated Curved Root
Canals

Tasarlanmis Egimli Kok Kanallarina Sahip Monobloklarda Edgefile
X3-One Curve Ege Sistemleri ve Soguk Lateral Kondensasyon-Tek
Kon Dolum Tekniklerinin Karsilastirilmasi

ABSTRACT

Objective: The present study aimed to compare the effects of EdgeFile X3 and One Curve files on the angle
of curvature and the effectiveness of cold lateral condensation and single-cone filling techniques in
monoblocks with curved root canals.

Methods: One hundred and eight monoblocks were divided into three main groups according to the
curvature angle. Main group | had curvature angle of 5° at a distance of 6 mm from the root apex; main
group Il had curvature angle of 20° at the same distance from the root apex; and main group IIl had
curvature angle of 20° at the same distance and curvature angle of 30° at a distance of 12 mm from the
root apex. The main groups were divided into sub and end groups according to the use of Edgefile X3, One
Curve, cold lateral condensation and single-cone techniques.

Results: With the One Curve, more straightening was observed in the curvature angle of the root canals in
main group Ill. In main group lll, there was a significant negative correlation between the change in apical
and coronal curvature angles and the gutta-percha ratio and a significant positive correlation with the canal
sealer ratio for both techniques.

Conclusions: With the Edgefile X3 file system, the shaping process took less time and the angular change
was less. It was concluded that the main determinant of higher gutta-percha ratio was the filling technique
used and the single-cone filling technique was more successful.

Keywords: Transportation, Resin block, EdgeFile X3, One Curve, Single-cone, Cold lateral condensation
(074

Amag: Bu calismanin amaci, egimli kok kanallarina sahip monobloklarda EdgeFile X3 ve One Curve ege
sistemlerinin egim agisi lizerindeki etkileri ile soguk lateral kondensasyon ve tek kon dolum tekniklerinin
etkinligini karsilagtirmaktir.

Yontemler: Yuz sekiz monoblok egim agisina gore lic ana gruba ayrildi. Ana grup |, kék apeksinden 6 mm
uzaklikta 5° egim agisina sahipti; ana grup Il, kok apeksinden ayni uzaklikta 20° egim agisina sahipti; ve ana
grup lll,ayni uzakhkta 20° egim agisina, kok apeksinden 12 mm uzaklikta ise 30° egim agisina sahipti. Ana
gruplar Edgefile X3, One Curve, soguk lateral kondensasyon ve tek kon tekniklerinin kullanimina gére alt ve
ug gruplara ayrildi.

Bulgular: One Curve ile ana grup llI'teki kok kanallarinin egim agilarinda daha fazla diizlesme gozlendi. Ana
grup llI'te her iki teknik icin de apikal ve koronal egim agilarindaki degisim ile guta-perka orani arasinda
anlamli negatif korelasyon ve kanal dolgu pati orani arasinda ise anlaml pozitif korelasyon mevcuttu.
Sonug: Edgefile X3 ege sistemi ile sekillendirme islemi daha az zaman aldi ve agisal degisim daha azdi. Guta-
perka oraninin yiiksek olmasinin temel belirleyicisinin kullanilan dolum teknigi oldugu ve tek kon dolum
tekniginin daha basarili oldugu sonucuna varildi.

Anahtar Kelimeler: Transportasyon, Rezin blok, EdgeFile X3, One Curve, Tek kon, Soguk lateral
kondensasyon

CurrRes Dent Sci 2025;35(1): 25-31 / doi:10.17567/currresdentsci.1618988



26

INTRODUCTION

Curved root canals are frequently encountered in clinical practice. It
is well established that root canals curve in almost all directions and
canals that appear radiographically straight contain curvatures and
irregularities in the apical third.! The aforementioned curvatures may
not be detected on periapical radiographs and frequently lead to
incorrect shaping and difficulties in root canal obturation.! As the
curvature angle in the root canal increases, root canal treatment
becomes more difficult and the risk of complications increases. Some of
these complications are loss of root canal working length, step formation
in the root canal, apical zip and elbow formation in the root canal, root
canal transportation, perforation in the root canal and instrument
breakage.?

The various root canal morphologies of extracted human teeth
complicate efforts to standardise relevant studies.3 Transparent resin
blocks with simulated root canals that can be produced with preset
diameter, shape and curvature can be used for standardisation when
comparing the effectiveness of filling techniques and shaping
capabilities of nickel-titanium (Ni-Ti) rotary file systems.* Furthermore,
resin blocks with simulated root canals are important for research on S-
shaped canals, especially since it is almost impossible to obtain natural
teeth containing S-shaped canals along with a sufficient number of
standard features.5®

One Curve (OC) and EdgeFile X3 (EF) file systems are made of heat-
treated Ni—Ti alloy. The OC file system consists of a single file, whereas
the EF is a complete line of rotary file systems.”2 The EF file system is
manufactured using a proprietary heat treatment process called
FireWire. This heat treatment method was reported to provide the files
with greater flexibility, increased resistance to cyclic fatigue, and higher
torque endurance compared to the conventional Ni—Ti files, as well as
better canal tracking and centring ability.® The OC file system is
manufactured using the C-Wire technology. C-Wire technology provides
the file with greater blade flexibility and fracture resistance.®

The aims of this study about curved root canals are to determine
which file system causes greater angular change, to determine which
filling technique provides more effective filling and to show the effect of
angular changes on filling success. Resin blocks containing root canals
designed with different degrees of curvatures were used with the aim of
comparing the duration of shaping with the EF and OC file systems and
the resulting changes in curvature angles. The degree of improvement
of the effectiveness of the cold lateral condensation (CLC) and single-
cone (SC) techniques were also compared when used in appropriately-
shaped root canals.

METHODS

This article does not contain any studies with human or animal
participants. Therefore, ethics committee approval and informed
consent were not required.

Design of Resin Blocks and Setting the Experimental Groups

In the present study, 108 transparent resin blocks were divided into
three main groups (n = 36) based on their curvature angles. The
curvature angles of the root canals in the blocks were set as follows:
main group | had curvature angle of 5° and radius of curvature of 3.5 mm
at a distance of 6 mm from the root apex; main group Il had curvature
angle of 20° and radius of curvature of 4.5 mm at a distance of 6 mm
from the root apex; and main group Il had curvature angle of 20° and
radius of curvature of 4.5 mm at a distance of 6 mm and curvature angle

of 30° and radius of curvature of 5 mm at a distance of 12 mm from the
root apex. Subsequently, the resin blocks were produced with apical
diameter of 0.15 mm and taper of 0.02 (ARG Medikal, Isparta, Tirkiye).
The blocks were divided into two sub-groups based on the angle of
curvature and shaped with either the EF (Edge Endo, Albuquerque,
United States of America) (n = 18) or the OC (Micro-Mega SA, Besangon,
France) file system (n = 18). The above sub-groups were further
subdivided into end groups for obturation with the CLC (n = 9) or SC
filling techniques (n = 9).

Shaping Resin Blocks

All the blocks used in the study were shaped by the same researcher.
During the shaping procedure, the blocks were covered with aluminium
foil and held in place by a setup mechanism. For both file systems, the
resin residues inside the grooves left during shaping were cleaned with
gauze dampened with distilled water. Recapitulation was performed
with a 0.02 tapered #10 Ni-Ti K-type file by turning a quarter turn
counterclockwise at the working length after each use. The above-
mentioned procedures were repeated until the coronal—apical working
length was achieved. Four different root canals were shaped with each
file. During root canal preparation, a chronometer was used to
determine the duration of shaping for each block. In order to comply
with clinical practice, the irrigation time, recapitulation, removal of resin
residues on the rotary file and file replacement times were all included
in the study duration.

Shaping the resin blocks in the EF groups: Files C1 (20/0.06) and C2
(25/0.06) were used with the X-Smart Plus (Dentsply, Maillefer,
Ballaigues, Switzerland) endodontic motor at 350 rpm speed and 3 Ncm
torque as recommended by the manufacturer, with movements in the
apicocoronal direction at a working length of 1 mm from the apical
foramen.

In the OC groups: The 25/0.06 OC files were used with the X-Smart
Plus endodontic motor at 300 rpm speed and 2.5 Ncm torque as
recommended by the manufacturer, with movements in the
apicocoronal direction at a working length of 1 mm from the apical
foramen.

Detection of Angular Changes in the Shaped Root Canal

The images of all the shaped resin blocks were recorded using a
surgical microscope (Leica, Vienna, Austria) in a fixed position. The root
canal curvature angle measurements were performed on the basis of the
long-axis technique using the angle function in ImageJ 1.53c software
(National Institutes of Health and the Laboratory for Optical and
Computational Instrumentation [LOCI, University of Wisconsin], United
States of America) (Figure 1). In this technique, a line is drawn parallel to
the long axis of the tooth. Then, another line is drawn between the root
apex and the point where the slope ends. The acute angle at the
intersection of two lines gives the root canal curvature angle.1
Measurements were made blindly by three independent observers.
Accordingly, angles prior to shaping and angular changes after filing
were calculated. The final result was determined by taking the average
of the measurements.

Obturation of Root Canals

AH Plus Root Canal Sealer (CS; Dentsply, Konstanz, Germany) was
used for both filling techniques. In the end groups filled with the SC and
CLC techniques, the 0.06 taper #25 gutta-percha (GP) cones (PearlEndo,
Ho Chi Minh, Vietnam) and 0.02 taper #25 main GP cones (PearlEndo,
Ho Chi Minh, Vietnam) were used, respectively. The condensation
procedure was applied using the #25 Ni—Ti finger spreader in the CLC
technique. In the resultant cavity, GP cones (0.02 taper) covered with
root CS and one size smaller than the spreader were emplaced.
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Figure 1. Determination of angular change after shaping

Sectioning the Resin Blocks and Analysis of Sections

The resin blocks were kept in an oven with constant humidity and
temperature for 7 days to allow the CS to harden sufficiently. The blocks
were cut at 3-, 6-, and 12-mm intervals from the root apex using a
precision cutting device (Brillant 220, QATM, Mammelzen, Germany),
which was a 0.3 mm thick cutting disc rotating at 2500 rpm under water
cooling. The coronal faces of the parts were examined using a stereo
microscope (50x magnification) (Zeiss Stemi 508, Jena, Germany). The
sectional images were analysed using Image) 1.53c software to
determine the percentages of GP, CS and empty spaces in the root canal
lumen. The area percentages were calculated using the pixel-counting
method. First, the number of pixels in the entire root canal lumen was
determined (Figure 2). Then, the number of pixels for GP, CS and empty
spaces were determined, and their respective percentages were
calculated (Figure 3). The measurements were made blindly by three
different observers. The final result was the average of the
measurements.
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Figure 3. Determination of the number of pixels in the area filled with gutta-
percha

Statistical Analysis
The Statistical Package for the Social Sciences Version 23 software
(IBM SPSS Corp.; Armonk, NY, USA) was used for statistical analyses. Prior

to statistical analyses, necessary controls were established to avoid data
entry errors and to ensure that the parameters were within the expected
ranges. The normal distribution hypothesis for continuous variables was
tested using the Kolmogorov—Smirnov test, while variance homogeneity
was tested using Levene’s test. Mean and standard deviation values
were used to present the descriptive statistics for continuous variables.
The t-test and one-way analysis of variance were used to compare two
groups and three or more groups, respectively, if the data met the
normal distribution hypothesis, whereas the Mann—Whitney U test and
Kruskal-Wallis test were used for comparing two groups and three or
more groups, respectively, if the data did not have normal distribution.
Pearson and Spearman (Spearman’s Rho) correlation analyses were
used to test the relationships between continuous variables. A p value
of <.05 was considered statistically significant for all analyses.

RESULTS

In all three groups, shaping with the EF file system took significantly
less time compared to shaping with the OC file system (Table 1).

Following the shaping procedure, there was an angular decrease in
the curvature of all blocks. In terms of the angle of curvature of the
blocks in main group Il at a distance of 12 mm from the root apex, those
shaped with the OC file system had statistically significantly higher
angular change than those shaped with the EF file system (P <.05) (Table
2).

Table 1. Descriptive statistics about the duration of root canal shaping procedures

EdgeFile X3 One Curve P
n MeantSD Min-Max n MeantSD Min-Max

Main 18 171.9447.19 162-189 18 196.67+19.89 164-225 <.05*
Group |

Main 18 172.1748.87 159-190 18 197.22+15.45 172-221 <.05*
Group Il

Main 18 278.89+16.26 252-306 18
Group Il

All 54 207.67+52.07 159-306 54 229.89+49.41 164-311
Blocks

295.7849.02 280-311 <.05*

*: Statistically significant p values
n, number of blocks in each group; SD, standard deviation; Min, minimum; Max, maximum

Table 2. Angular changes at curvature points after shaping

EdgeFile X3 One Curve
n MeantSD Min-Max n  MeantSD Min-Max P
Main 6mm 18 0.66%0.5 0.0-1.78 18 0.71+0.45 0.0-1.60 >.05
Group |
Main 6mm 18 1.37+0.54 0.7-2.35 18 1.41+0.50  0.80-2.40 >.05
Group Il

Main  6mm 18  143:0.63 038240 18 1.82:0.76 0.6-2.83  >05
Grouplll "12mm 18  4.03:0.87 3.15-5.73 18 4.89+1.31 3.10-7.15  <.05*

*; Statistically significant p values
n, number of blocks in each group; SD, standard deviation; Min, minimum; Max, maximum

Based on the comparison for only the filling technique used,
regardless of the shaping system, there were statistically significantly
higher GP rates and lower CS rates for the SC technique than for the CLC
technique in all sections, except those taken 3 mm from the root apexin
the blocks from main group | (Table 3).

CurrRes Dent Sci 2025;35(1): 25-31 / doi: 10.17567/currresdentsci.1618988



28

Table 3. Comparison of filling techniques used, regardless of the file system, in
terms of canal filling material ratios in sections taken at 3 mm, 6 mm and 12 mm
distances from the root apex

Cold Lateral Condensation Single-Cone P
Mean1SD Min Max MeanzSD Min Max
GP 75.98+6.34 69.20 91.33 76.43+4.79 67.21 84.18 >.05

E cs 21.90+6.81 8.67 29.82 21.86%4.43 1545 2961 >.05
= ” Emp 2.1242.95 0.00 12.99 1.71+1.13 0.00 3.20 >.05
3 GP 50.2249.13  37.73 69.27 76.79%6.35 66.59 88.18 <.05*
5 € Cs 47.35%9.21 2831 60.67 21.24%6.23 10.72 3341 <.05*
'E © Emp 2.44+1.19 0.00 4.22 1.97+1.66 0.00 4.56 >.05
= £ GP 75.53t591  67.20 86.07 80.54%3.74 7270 87.91 <.05*

s cs 24.42+6.45 8.45 30.77 17.63%3.43 11.07 24.68 <.05*

- Emp 2.06+1.33 0.00 5.48 1.83+1.54 0.00 4.30 >.05

€ GP 72.90+7.52 6473 9792 77.72¢486 69.25 87.93 <.05*

€ cs 25.08+7.16 1.34 3393 19.82#4.75 9.84 28,65 <.05*
= ” Emp 2.02+0.70 0.74 3.12 2.46+3.01 0.00 12.70  >.05
§' GP  50.78+12.91 36.20 81.84 76.45%6.69 67.94 89.12 <.05*
& € CS  46.15+12.07 17.12 61.40 21.50+6.38 8.84 30.72 <.05*
-g © Emp 3.06+1.64 1.04 6.20 2.06%1.15 0.00 4.12 >.05
= £ GP 73.52¢5.79  64.18 86.07 79.92¢+5.07 69.24 87.16 <.05*

f‘ Cs 24.3345.69 8.45 3147 18.26%4.30 11.58 28.35 <.05*

- Emp 2.15+1.64 0.00 5.62 1.83+1.59 0.00 4.75 >.05

€ GP 57.52+6.12 4542 68.54 64.20+7.04 50.18 78.28 <.05*

€ Cs 37.2746.20 2033 49.70 31.75¢7.87 11.25 46.02 <.05*
= ” Emp 5.2244.58 0.00 18.26  4.05#3.41 0.00 14.08 >.05
§' GP 50.33+4.43  42.05 56.47 64.40£511 56.72 7540 <.05*
& £ cs 45.04+6.82 2487 55.64 31.40+#5.50 21.65 4095 <.05*
.% © Emp 4.63+4.23 1.25 18.73  4.20+3.93 0.94 1595 >.05
= £ GP 64.4616.15 57.15 83.12 70.63+6.90 53.83 82.26 <.05*

f‘ Cs 31.29¢6.10 16.88 38.55 26.74#6.30 17.74 4455 <.05*

-

Emp 4.25%4.26 0.00 17.75 2.63+1.52 0.00 4.63 >.05
*: Statistically significant p values

SD, standard deviation; Min, minimum; Max, maximum; GP, gutta-percha; CS, canal sealer;
Emp, empty

In the comparison based on both shaping system and filling
technique combined, the mean GP ratios were significantly higher and
mean CS ratios were significantly lower in the combinations using the SC
technique compared to combinations using the CLC technique for block
sections at a distance of 6 mm and 12 mm from the root apex in main
groups | and Il and for block sections at a distance of 6 mm from the root
apex in main group lll (Table 4).

The correlation analyses, which sought to investigate the
relationship between the angular change in curvature at 6 mm distance
from the root apex and the filling ratios of the section at the same level,
revealed a statistically significant, positive and moderate correlation
between the change in curvature angle and the ratio of empty spaces in
the blocks in main group Il filled using the CLC technique. For both filling
techniques, there was a statistically significant, negative and very high
correlation between the angular change in curvature and the GP ratios
in blocks from the main group Ill; however, there was a statistically
significant, positive and high correlation between the angular change in
curvature and CS rates (Table 5).

There was a statistically significant, positive and moderate
correlation between the angular change in curvature 12 mm from the
root apex and CS in main group Il blocks filled using the CLC technique.
There was a statistically significant, negative, and high correlation
between the angular changes in curvature at the same level in the blocks
included in the same group and filled using the SC technique and the GP
ratio; however, there was a statistically significant, positive and high
correlation between the angular change in curvature and CS (Table 6).

Table 4. Comparison of file system and filling technique combinations in terms of
canal filling material ratios in sections taken at 3 mm, 6 mm and 12 mm distances
from the root apex

Mean1SD P
EF+CLC EF+SC 0C+CLC 0C+SC
€ GP 75.53%6.82 76.75+4.03 76.4416.20 76.11%5.67 >.05
£ cs 22.00+7.65 21.46+4.13 21.8016.34 22.2624.94 >.05
= " Emp 2.47+4.08 1.78+1.17 1.77+1.24 1.64+1.15 >.05
3 GP 49.87+8.60 77.11+6.96 50.57+10.13 76.47+6.07 <.05%
G € (&) 47.67+8.65 20.93+7.61 47.02+10.25 21.55+4.93 <.05%
'E © Emp 2.47+1.24 1.96+1.66 2.41+1.22 1.98+1.76 >.05
2 £ GP 73.0416.37 81.10%3.96 74.00%5.76 79.98%3.65 <.05*
f‘ [« 24.93+7.20 17.08+3.64 23.906.01 18.18+3.34 <.05*
- Emp 2.02+1.65 1.81+1.59 2.10+1.01 1.84+1.59 >.05
€ GP 73.3919.82 77.5746.15 72.42+4.84 77.87+3.51 >.05
€ (&) 24.71+9.43 19.7546.02 25.44+4.42 19.90+3.42 >.05
= ” Emp 1.90+0.65 2.68%3.94 2.14+0.77 2.23+1.90 >.05
§' GP 51.14+12.87 77.21+7.18 50.43+13.72 75.69+6.49 <.05%
& £ cs 45.84+11.97  20.80+7.27  46.46+12.89  22.21#5.71 <.05*
~§ © Emp 3.01+1.83 2.01£1.12 3.11+1.55 2.10+£1.23 >.05
2 £ GP 73.50%5.37 80.01+4.08 73.5416.52 79.8216.17 <.05*
s CS 24.35%6.36 18.17+3.79 24.32%5.32 18.34+5.01 <.05*
- Emp 2.15+1.67 1.82+1.70 2.14+1.71 1.84+1.58 >.05
£ GP 57.54+7.54 64.87+8.20 57.50+4.75 63.54+6.08 <.05
€ cs 37.23+8.04 31.06+9.79 37.31+4.15 32.43+5.90 >.05
= ” Emp 5.23+5.97 4.07+4.04 5.20+2.99 4.03+2.90 >.05
%’ £ GP 51.19+5.05 64.03+5.09 49.47+4.94 64.77+5.40 <.05*
& E cs 44.07+8.50 31.83+5.99 46.01+4.94 30.97+5.30 <.05*
.% © Emp 4.74+5.33 4.13+4.63 4.52+3.09 4.26+3.37 >.05
= £ GP 64.40+4.84 70.40+7.13 64.51+7.55 70.85+7.09 >.05
s (&) 31.44+4.68 26.96+7.01 31.14+7.56 26.53+5.93 >.05
- Emp 4.1543.30 2.64+1.71 4.35+5.26 2.62+1.40 >.05

*: Statistically significant p values
SD, standard deviation; Min, minimum; Max, maximum; GP, gutta-percha; CS, canal sealer;
Emp, empty; EF, EdgeFile X3; OC, One Curve; CLC, cold lateral condensation; SC, single-cone

Table 5. Relationship between the change in curvature angle during shaping and
the gutta-percha, canal sealer and empty spaces ratios in the sections taken at a
distance of 6 mm from the root apex

Filling Technique

x Cold Lateral Condensation Single-Cone
g Main GP R 0.032 -0.040
o Group | P >.05 >.05
e cs R 0.005 -0.007
g P >.05 >.05
& Emp R -0.279 0.179
g P >.05 >.05
2 Main GP R -0.441 0.029
° Group Il P >.05 >.05
E cs R 0.406 -0.005
© P >.05 >.05
g Emp R 0.482 -0.143
‘s P <.05* >.05
% GP R -0.852 -0.812
2 Main P <.05* <.05*
2 Group Ill cs R 0.625 0.671
2 P <.05* <.05*
Emp R -0.115 0.116
P >.05 >.05

*: Statistically significant p values
GP, gutta-percha; CS, canal sealer; Emp, empty

Table 6. Relationship between the change in curvature angle during shaping and
the gutta-percha, canal sealer and empty spaces ratios in a section taken at a
distance of 12 mm from the root apex in main group Ill blocks

Filling Technique

Cold Lateral Condensation Single-Cone
Sections taken GP R -0.445 -0.696
from 12 mm P >.05 <.05*
distance from cS R 0.504 0.684
root apex P <.05% <.05%
Emp R -0.079 0.327
P >.05 >.05

*: Statistically significant p values
GP, gutta-percha; CS, canal sealer; Emp, empty
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DISCUSSION

The duration of the root canal shaping procedure is determined by
the root canal shaping technique used, the number of files used, and the
operator’s experience. Certain factors, including the operator's
experience and technique, complicate standardisation efforts.
Therefore, even in studies using the same file systems, extremely
different results may be obtained.35 The results of the present study
suggest that the shaping procedure with the EF file system takes a
statistically significantly shorter time than the OC file system for all three
main groups. In both file systems, the S-shaped root canals in main group
Il took a significantly longer time to be shaped. Despite double files
being used in the EF file system, the file system’s production
characteristics and cross-sectional design, as well as speed and torque
values recommended by the manufacturer, may have accounted for the
completion of the shaping procedure in a comparatively shorter period
of time. According to a study, the EF file system was more flexible and
more resistant to cyclic fatigue compared to the OC file system.1! The
above-mentioned flexibility might have contributed to shortening the
shaping procedure duration in curved root canals. Furthermore, starting
the shaping procedure with a smaller-sized C1 file may have facilitated
the movement of canal tools in curved canals, resulting in a faster
shaping procedure with the EF file system, which includes the C1 and C2
files. Furthermore, the manufacturer-recommended speed and torque
values were higher for the EF file system. The high speed and torque
might have accelerated the shaping procedure. Because the OC file
system recommends a lower maximum torque value, the likelihood of
more frequent bounce backs in the root canal, especially at the
curvature points, may have prolonged the procedure.

Based on a comprehensive literature review, there is no study that
examined the OC and EF file systems in combination, the angular change
in the root canals after shaping; and the associated transportation. The
results of studies that compared different file systems could have been
affected by certain factors, including the file system, the use of tooth or
resin block, and the degree of curvature of the root canal. The angular
changes in the present study favoured root canal straightening. In the
present study, the OC file system produced significantly greater angular
changes in the curvature 12 mm from the root apex of the S-shaped,
double-curved blocks in main group lll during the shaping procedure
than the EF file system. A previous study suggested that the EF file
system was more flexible compared to the OC file system, which may
account for less angular change in EF cases. The file’s flexibility enabled
it to more successfully adapt to curvature points.!? The respective
manufacturers report that the OC file system has triangular cross-
sections at the tip and S-shaped cross-sections on the body, while the EF
file system has a parabolic cross-section design. It was further claimed
that the variable cross-sectional structure, which is unique to the OC file
system, also preserved the original anatomy of the root canal and
provided a centring ability in the apical third. Moreover, the variable
cross-sectional structure provided higher cutting efficiency in the middle
and coronal thirds.> The differences in production technology and design
between the two file systems might explain why the OC file system
induced a higher rate of angular change than the EF system. Previous
studies on different file systems reported that metallurgical properties
and production techniques were effective on transportation.1213
Furthermore, higher straightening of the coronal curvature caused by
the OC file system in main group lll, where there was a significant
difference in angular change, could be because of higher cutting
efficiency in the middle and coronal thirds due to the variable cross-
sectional structure.> It is well established that increased cutting
efficiency of the files paves the way for transportation.* The difference

in angular change could also be explained by the fact that the shaping
procedure was performed with a single file in the OC file system and with
two files in the EF file system. According to relevant studies that tested
different file systems, the use of less conical and more flexible files in
multi-file systems reduced the amount of transportation.1315 Because of
the lack of a pre-widening step, the grooves on single-file systems could
become clogged more easily, resulting in more torque and pressure on
the file. This would increase canal transportation.®

The mean angular change in main group Il was greater than in main
group Il, and the mean angular change in main group Il was greater than
in main group I. Accordingly, increased angular change may be
associated with increased difficulty of root canal anatomy. A previous
study supports the above conclusion.1?2 The coronal curvature of the
blocks in main group Ill showed the highest mean angular change. The
blocks in main group Ill with the highest curvature angle in the study may
have caused this. Furthermore, similar to the results of the present
study, previous studies using different file systems reported that
transportation occurred more frequently in the coronal section.>® It was
suggested that the cause of this could be the tapering of Ni—Ti systems.>
We believe that the same reason leads to higher rates of coronal
transportation.

Root canal filling is affected by the degree of root canal curvature.?”
To ensure standardisation and to avoid the likelihood of angled GP cones
specifically produced for the EF and OC file systems interfering with the
comparison of filling techniques in blocks filed with different file
systems, 0.06 taper #25 GP cones were used instead of angled SC GPs.
This has been the preferred method in a number of studies.1”.18 The
percentage of GP in root canal cross-sections is a frequently used
method for investigating the success of obturation.1%-21 While GPs are
stable in size, they may shrink and dissolve as the sealant hardens, and
thus their sizes may change over time.2223 Higher GP and lower CS rates
should be targeted to ensure successful outcomes from the root canal
obturation procedure.132021 |t is well established that filling the root
canals without gaps is associated with higher rate of success in root canal
treatment.?*

Alim et al.’’ reported that the most successful technique for 2 and 5
mm distances was CLC in their study, in which they filled the mandibular
first molars with a root canal curvature degree of >25° using CLC, SC,
continuous-wave obturation and core carrier techniques. They
investigated the filling success using micro-computed tomography on
sections at 2, 5 and 8 mm distances. Furthermore, the SC technique had
the lowest GP percentage of all the filling techniques in that study. The
coronal part of all teeth included in the study had the most successful
filling, while the apical part had the least successful. A number of factors
might have caused the discrepancy with the present study’s findings.
The main differences in the study by Alim et al.'? were the use of
extracted teeth, the fact that the curvature points and angles in those
teeth were not constant, the shaping size was not the same between the
groups, the CS ratio was not included in the assessment, and the use of
micro-computed tomography. Schafer et al.1® used SC, CLC and warm
vertical condensation techniques to fill extracted teeth with root canal
curvatures ranging from 25° to 35°. They took sections at 2, 3, 4, 6 and 8
mm distances from the root apex and investigated the GP, CS and empty
space ratios under a stereo microscope. Accordingly, similar to our
study, there was no significant difference between the techniques in
terms of empty space ratio. Simultaneously, teeth filled with the SC
technique had a higher rate of CS and a lower rate of GP than other
techniques at all levels.?® The extracted teeth in the above-mentioned
study were similar to those of Alim et al.® and no information about the
location of the curvature points was provided. We believe that such
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differences might have affected the results of the study. Romania et al.2>
used the CLC and SC techniques to fill mandibular premolar teeth with
straight canals and examined the sections under a stereo microscope.
They found that GP and CS percentages were similar. Tasdemir et al.26
filled mandibular premolar teeth using SC and CLC techniques and
reported a significantly higher rate of GP with the SC filling technique,
which is similar to our study. Gordon et al.?’ filled resin blocks with
curvature angles of 30° and 58° and the mesiobuccal canals of maxillary
first molars with curvature angles of 25.6° + 19.7° using the SC and CLC
techniques and investigated sections taken at certain distances from the
apical foramen for GP, CS and empty space ratios under a stereo
microscope. Accordingly, the SC technique had higher area covered with
GP in the apical part of resin blocks compared to the CLC technique. In
the same study, there was no difference between the methods in terms
of the curved mesiobuccal canals of the maxillary first molars.2’ This
study suggests that the success of filling techniques may differ between
extracted teeth and standard resin blocks. We believe that the
differences in results between the present study and other studies of
extracted teeth are because of the variable root canal anatomy of
extracted teeth. A different study found that anatomical variations and
oval or round shape of the canals might affect the success of the filling
technique.2® The canal must be circularly enlarged with a sufficient taper
for GP to fit into the root canals when using the SC technique, which uses
GPs compatible with rotary Ni—Ti canal instruments. This method will be
more effective for the mesial and distal roots of the upper molars, as
well as the mesial roots of the lower molars. A number of studies
reported that the SC technique was more suitable for round-shaped
canals.2427.28 |n contrast, it was suggested that the GP cone was not
suitable for root canals with oval and large diameters because of the
inability to adapt to the root canal.” We believe that the higher GP rates
with the SC technique compared to the CLC technique in the present
study were because of the use of resin blocks with round root canals.

GP ratios in S-shaped canals in main group Il were lower in both
techniques when compared to the other main groups. The correlation
between the angular change in the curvature of the blocks in main group
IIl and the GP and CS ratios in the sections taken from the curvature
points was also remarkable. The curvature points of the root canal are
sections taken at 6 mm and 12 mm distances from the root apex, and at
these points, the root canal loses its rounded structure owing to
transportation and becomes oval, and the curvature angle changes in
favour of straightening. As reported in other studies, this causes the GP
used in the SC technique to be unable to effectively fill the root canal at
those distances, increasing the percentages of empty space and CS.17.27
In the CLC technique, this may be due to the spreader used to attach the
auxiliary cones not being able to be placed within 1-2 mm of the apical
working length.?® Furthermore, even if the spreader is placed at the
desired distance, there may be areas without GP owing to the inability
to place the auxiliary cones in the space created by the spreader.*
Previous studies reported that when using the CLC method, spreaders
and endodontic pluggers might not reach all the way apical in
excessively-curved root canals and may become stuck at the beginning
of the curvature.*'” Moreover, a different study suggested that
transportation negatively affected the success and impermeability of
root canal filling.3% We believe that the difficult anatomy of the S-shaped
canals in main group Ill resulted in lower GP ratios with both techniques,
especially at the curvature points, as a result of the mechanisms
discussed above.

The most important limitation of our study is the use of resin blocks
instead of extracted teeth. Other limitations are that only sectioned
areas were evaluated and no radiological examination was performed.
Extracted teeth with the same curvature angle are difficult to obtain.
Similarly, it is almost impossible to obtain bi-curved teeth with a
standard angle of curvature. This challenge was overcome by using resin
blocks. This is the most important factor supporting the strength of our
study. These results obtained with resin blocks should be supported by
further studies on extracted teeth.

In conclusion, when compared to the OC, the shaping procedure
with EF took significantly less time. In double-curved S-shaped canals,
the sub-group shaped with OC had significantly more straightening at
the angle of curvature in the coronal curvature compared to the sub-
group shaped with EF. It was concluded that the main determinant of
higher GP ratios was the filling technique used and that the SC filling
technique was more successful. It was observed that as the extent of
straightening upon shaping increased in main group lll, so did the extent
of CS in the sections corresponding to the curvature point.
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ABSTRACT

Objective: This study aimed to evaluate the color stability of 3D printed permanent and temporary
composite-based restorative materials by assessing their stainability after immersion in tea, coffee, and
water.

Methods: The composite resins used included Temp Ultra (TU) and Custom Composite Resin (CR) (for
temporary restorations) and Crowntec (for permanent restorations). Specimens were 3D printed, post-
polymerized, and polished. They were then immersed in tea, coffee, or water at 37°C for 7 days. Color
changes were measured using the CIE Lab* system and analyzed using IBM SPSS 26, with AEOO values
compared to clinical thresholds.

Results: After 7 days, the greatest color change (AE0Q) was observed in all coffee-immersed groups, with
the TU + coffee group showing the highest AEOO value (2.38 + 0.21), exceeding the clinically acceptable
threshold of 2.25. The CR + water group exhibited the least color change (0.16 + 0.05). Color changes in
tea-immersed groups were statistically significant, with CR showing reduced color change (1.97 + 0.15).
Only the coffee-exposed groups exceeded the acceptable AEQO value.

Conclusion: The study found that the type of composite material significantly affects color stability, with
Temp Ultra showing the most color change in coffee. The results suggest that while these materials
demonstrate acceptable color stability.

Keywords: 3D Printing, Composite Resins, Color Stability, Staining, CAD/CAM Technology
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Amag: Bu calisma, 3D baskili kalici ve gegici kompozit bazl restoratif materyallerin ¢ay, kahve ve suya
batirildiktan sonra lekelenebilirliklerini degerlendirerek renk stabilitesini degerlendirmeyi amagladi.
Yontemler: Kullanilan kompozit regineler arasinda Temp Ultra ve Custom Composite Resin (gegici
restorasyonlar igin) ve Crowntec (kalici restorasyonlar igin) yer aldi. Numuneler 3D olarak basildi,
polimerize edildi ve cilalandi. Daha sonra 7 giin boyunca 37°C'deki ¢ay, kahve veya suya batirildilar. Renk
degisiklikleri CIE Lab* sistemi kullanilarak 6lgtiimus ve IBM SPSS 26 ile klinik esik degerlerine kiyasla AEOO
degerleri ile analiz edilmistir.

Bulgular: 7 glin sonra en blyik renk degisimi (AEOQO) kahveye batirilan tim gruplarda gézlemlendi; TU +

Gelis Tarihi/Received 19.07.2024 Kahve grubu en yiiksek AEOO degerini (2,38 + 0,21) gostererek klinik olarak kabul edilebilir esik olan 2,25'i
Revizyon Talebi/Revision asti. CR + Su grubu en az renk degisimini sergiledi (0,16 + 0,05). Caya batirilan gruplardaki renk degisiklikleri
Requested 26.07.2024 istatistiksel olarak anlamliydi; CR, renk degisiminde azalma gosterdi (1,97 £ 0,15). Yalnizca kahveye maruz
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kalan gruplar kabul edilebilir AEOO degerini asti.

Sonug: Calisma, kompozit malzeme tirlnin renk stabilitesini dnemli 6lglide etkiledigini, Temp Ultra'nin
kahvede en fazla renk degisimini gosterdigini buldu. Sonuglar, ¢alismada kullanilan materyaller kabul
Sorumlu Yazar/Corresponding author: edilebilir renk stabilitesi gostermislerdir.
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of computer-aided design and computer-aided manufacturing
(CAD/CAM) systems, have become commonplace in the production of
dental restorations.?

CAD/CAM systems offer numerous benefits such as freeform design,
customized manufacturing, reduced chair time, enhanced infection
control by eliminating certain laboratory processes, and exceptional
accuracy. Digital technology is increasingly used in various dental fields,
including surgical, restorative, endodontic, prosthetic, and orthodontic
dentistry. Technological advancements have led to the development of
new materials for CAD/CAM restorations, including glass ceramics,
zirconia, and composites, which provide a range of mechanical and
optical properties.3

Previously, CAD/CAM technology was primarily associated with
subtractive manufacturing or milling. However, restorations can now
also be produced using additive manufacturing or three-dimensional
(3D) printing technology. Both CAD/CAM techniques are based on the
principle that restorations are digitally designed using a CAD software
program with patient data, saved as standard tessellation language (STL)
files. In the milling technique, these files are transferred to a computer-
controlled machine that produces the restorations from blocks using
milling tools. Conversely, the 3D printing method builds restorations
layer by layer from the transferred STL file data. Various 3D printing
technologies are employed in dental restoration production, with
stereolithography (SLA) and direct light processing (DLP) being
particularly popular.* An SLA 3D printer uses an ultraviolet laser light
source to polymerize photosensitive resin layer by layer. Although
similar to SLA, DLP technology uses digital micro-mirrors beneath the
resin tank, polymerizing all layers in a single exposure, thus making DLP
faster than SLA.> However, Masked Stereolithography Apparatus (MSLA)
3D printers are also available today. Unlike SLA, which reflects UV light
from a single point, MSLA can illuminate the entire surface
simultaneously. This capability allows MSLA printers to print multiple
models at once, regardless of the layer surface area, without increasing
the print time.®

3D printing technology offers cost-effectiveness, minimal resin
material waste, and the ability to produce more complex structures
compared to milling.” Recent developments in 3D printing technologies
and materials have introduced new printable permanent composite
resins for indirect restorations. Color stability is crucial for patient
satisfaction and the aesthetic appearance of composite resins in the
dynamic oral environment. However, composite materials face
challenges such as water absorption, inadequate polymerization,
absorption of food or beverages, poor oral hygiene, and thermal
processes in the oral environment.8

Current studies often compare the color stability of composite-
based restorative materials produced by subtractive manufacturing
techniques.®10 Although 3D printing technology and materials are
increasingly used for permanent composite restorations, these materials
are relatively new, necessitating further laboratory and clinical data.
Studies examining the color stability of 3D printed permanent materials
are limited. Thus, this study aims to compare the color stability of 3D
printed permanent and temporary composite resin after immersion in
tea, coffee and water. The null hypothesis is that the stainability of the
3D printed composite resin restorative materials tested will remain
unaffected by the type of material after being stored in either tea, coffee
or water.

METHODS

Specimen Preparation
The printable composite resins used in our study are detailed in
Table 1. Temp Ultra (Arma Dental, Kocaeli, Turkey) and Custom

Composite Resin (CRSCAM Teknoloji AS., Antalya, Turkey) are utilized for
temporary restorations, whereas Crowntec (SAREMCO Dental AG,
Rebstein, Switzerland) is suitable for use as a permanent composite
restoration. The 3D models for cylindrical specimens (10 mm x 2 mm)
were designed using Fusion 360 CAD software (Autodesk, San Rafael, CA,
USA). These digital designs were exported as STL files for specimen
production. Thirty specimens were produced for each 3D printed
material. The SC specimens were printed using an MSLA-based 3D
printer (Sonic Mini 8K, Phrozen Tech Co, Hsinchu, Taiwan) with a layer
thickness of 50 um and a build orientation of 90 degrees. Following the
printing process, the specimens were cleaned with a cloth soaked in 96%
alcohol and then underwent post-polymerization using a wash and cure
machine (Anycubic Wash & Cure Plus, Anycubic, Shenzhen, China)
according to the manufacturer’s recommendations. After cooling, the
support structures were removed from the specimens using low-speed
rotary instruments. All specimens were then stored in distilled water at
37°C for 24 hours. Post-polymerization, the specimens were polished
with aluminum oxide-coated discs (Sof-Lex XT, 3M, St. Paul, MN, USA).
Standardization was ensured by measuring the thickness of the
specimens with a digital caliper (Ultra-Cal V, Fowler Corp., Newton, MA,
USA).

Table 1. Materials used in this study.
Group Material Name Purpose of usage Manufactorer
SAREMCO Dental AG, Rebstein, Switzerland

CR Crowntec Permanent

TU Temp Ultra

CCR Custom CompositTemporary
Resin

Temporary Arma Dental, Kocaeli, Turkey

CRSCAM Teknoloji AS., Antalya, Turkey

Color Measurement

In this study, color values were assessed using the Commission
International de I'Eclairage (CIE) Lab* system with a spectrophotometer
(VitaEasyshade V, Vita Zahnfabrik, Bad Sackingen, Germany) on a neutral
gray background (L*=64.1; a*=0.3; b*=-3.4), with measurements taken
under D65 standard lighting conditions after calibrating the
spectrophotometer according to the manufacturer’s recommendations.

Initial color measurements (LO, a0, b0) of the specimens were taken
after storing them in distilled water at 37°C for 24 hours. The specimens
were then divided into three groups according to the type of resin
(n=30). Thirty randomly selected specimens were immersed in tea
(Lipton Yellow Label Tea, Unilever, Istanbul, Turkey), 30 in coffee
(Nescafe Classic, Nestle, Vevey, Switzerland), and 30 in water, all stored
in an incubator at 37°C for 7 days. The solutions were prepared and
refreshed daily. Color measurements were then taken at the end of the
1st and 7th days as previously described. The color change levels in the

specimens were calculated using the following CIEDE2000 formulation:
11
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Statistical Analysis

Statistical analysis was conducted using IBM SPSS 26 (IBM Corp.,
Armonk, NY, USA). Normality of data was evaluated by using the
Shapiro-Wilk test. Post-hoc Tukey test was used to make multiple
comparisons. AEOO values were compared with one-way ANOVA.
(P.<05)

In this study, the parametric factors for the AEOO were set to 1. The
threshold for clinical perceptibility was established at AEOO < 1.30, while
the threshold for clinical acceptability was set at AEOO < 2.25. 12
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RESULTS

According to the data presented in Table 2, after 7 days, the greatest
AE was recorded in all groups immersed in coffee. Color changes were
noted across all groups exposed to tea and coffee, with the most
significant color change observed in the TU + Coffee group (2.38 + 0.21).
Conversely, the least color change was observed in the CR + Water group
(0.16 + 0.05). The color change in the groups exposed to tea was
statistically significant, with the CR group (P.<05) demonstrating a
reduced color change (1.97 + 0.15). Color change exceeded the
acceptable value only in the coffee-exposed groups.

Table 2. Mean AEOO values * standard deviations of printable resins after 7 days
of immersion in solutions.

AE Temp Ultra Custom Composite Resin Crowntec

Tea 2,22+£0,18%4 2,13+ 0,25%¢ 1,97 + 0,15
Coffee 2,380,214 2,36 + 0,44 2,28 £0,23¢¢
Water 0,26 +0,07%® 0,35 + 0,04 0,16 + 0,059

*Lowercase letters indicate differences in the column, uppercase letters indicate differences
in the row

DISCUSSION

The current study evaluated the stainability of permanent and
temporary composite-based restorative materials that were produced
additively by testing their color stability after being submerged in water,
tea, and coffee. The results showed that the kind of material had a
substantial impact on the color stability of the studied restorations,
confirming the rejection of null hypothesis.

The popularity of 3D printed tooth-colored restorations among
clinicians has recently increased. Given their advantages, 3D printed
materials could potentially replace CAD/CAM milled materials and serve
as alternatives to feldspathic ceramics, which, despite their aesthetic
appeal, are prone to fragility.1? The current study aimed to address the
lack of literature on critical properties, such as color stability, that are
essential for the longevity of these materials.

The study’s results demonstrated that the Temp Ultra with coffee
group exhibited the highest mean AEQOQ values, surpassing the clinically
acceptable threshold of 2.25. In contrast, other tested solution groups
maintained AEOO values below the acceptable threshold.

According to Aguiar et al.,»* the low filler content caused increased
water absorption at the filler-matrix interface, and more discolouration
was seen as a result of the absorbed water separating the filler and
matrix or causing hydrolytic breakdown of the filler. The
hydrophilic/hydrophobic nature of composite resin materials influences
discolouration and directly impacts the level of water absorption. The
reduced filler ratio may be the cause of the temporary 3D printed
material's increased discolouration.

The color stability of resin-based composites is influenced by the
hydrophobic or hydrophilic characteristics of the resin matrix, which
affects water absorption. For instance, the Bis-EMA matrix monomer in
CR has lower hydrophilicity compared to TEGDMA. Contrary to the
current study’s findings, Cakmak et al.’> found that Saremco Crowntec
exhibited similar color stability to milled composite and was more stable
than other 3D printed resins after 10,000 coffee thermocyclings.
Similarly, some studies reported higher color change values for another
3D printed composite resin compared to milled composite material after
immersion in coffee.131617 A prior study on the color stability of 3D
printed interim resin materials indicated that the production technology

impacts color stability, with permanent resins generally showing better
stability than temporary ones.

The quantity of residual monomer created as a result of the slow
polymerization rate is another aspect to take into account. Prior studies
have indicated that following the curing process, the polymerization rate
of materials produced through 3D printing decreases.!®

Differences in the production technology of 3D printed materials
may have influenced the color stability observed in this study.
Additionally, unreacted residual monomers, which are addressed
through post-polymerization, may also contribute to color changes.®
Among the materials tested, CR showed the lowest mean AEQO values
after immersion in tea and coffee. However, the temporary resin groups
demonstrated statistically significant color changes, possibly due to their
microstructural properties and water absorption capacity. But as Berli et
al.20 also demonstrated, one of the investigated 3D printed resin
materials had less water absorption than the PMMA resin in their study.
Although water absorption cannot completely explain low color stability,
the scientists pointed out that different materials can exhibit different
properties even when utilizing the same 3D printing procedure.

Coffee and tea solutions are commonly used for staining due to their
high colorant absorption potential. A one-week immersion period was
selected based on previous research indicating significant color changes
within the first week, to evaluate the long-term color stability of
composite materials.2t A cup of coffee takes 15 minutes on average to
make, and coffee drinkers have 3.2 cups on a daily average, according to
Guler et al.22 As a result, the samples' 24-hour immersion in coffee is
equal to a month's worth of coffee consumption. Moreover, Shin et al.1?
have pointed out that the color measurements acquired in this
investigation following a month-long immersion of the samples in the
solution are equivalent to 2.5 years of coffee intake.

This in vitro study has limitations, including the lack of simulation of
clinical factors such as occlusal forces, saliva interactions, and mouth
rinsing or brushing. Additionally, the flat surfaces of the specimens and
absence of anatomical features did not fully replicate clinical conditions.
Further investigation into other optical properties, such as translucency,
and the use of different staining media may be warranted. Moreover,
the VITA Easyshade V spectrophotometer, primarily a clinical device,
may not be ideal for laboratory evaluations. Future research should
focus on enhancing the color stability of 3D printed permanent
composite resins produced using various techniques to ensure their
suitability for long-term use in indirect restorations.

Etik Komite Onayi: Bu calismada deney gruplarinda uygulanan
¢O6zimler herhangi bir hayvan veya insandan elde edilen higbir
materyale uygulanmamistir. Dis hekimliginde kullanilan restorasyon
malzemelerinin gay, kahve ve suya batirilmasi sonucu olusabilecek renk
degisikliklerinin degerlendirildigi bu c¢alismada etik kurul onayi
gerekmemektedir.

Hasta Onami: Calismada hasta onami gerekmemektedir.
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Comparison of Apical Debris Extrusion Using
EDDY, EndoActivator, Ultrasonic Irrigation and

Manual Dynamic Agitation
EDDY, Endoaktivator, Ultrasonik irrigasyon ve

Manuel Dinamik Aktivasyonun Apikalden Cikan
Debris Miktarina Etkisi

ABSTRACT

Objective: This study was aimed to determine the amount of apically extruded debris using different final
irrigation activation techniques.

Methods: The mesial roots of 70 extracted mandibular molar teeth were included. The mesiobuccal roots
were instrumented to size 40/.06 with a reciprocal system file and divided into five groups according to the
final irrigation activation technique used: EDDY, EndoActivator (EA), passive ultrasonic irrigation (PUI), manual
dynamic agitation (MDA) or needle irrigation (NI). The extruded debris was collected in Eppendorf tubes and
stored in an incubator at 70°C for 5 days. The results were analysed using the Kruskal-Wallis test (P=.05).
Results: EDDY and the EA caused significantly more apical debris extrusion (P <.05). There were no statistically
significant differences between EDDY and the EA (P > .05). NI caused less extrusion, but there were no
statistically significant differences between PUI, MDA and NI (P >.05).

Conclusion: EDDY and the EA were associated with significantly higher apical extrusion debris extrusion.

Keywords: debris extrusion, EDDY, Endoactivator, irrigation activation, manual dynamic agitation, ultrasonic
irrigation.

(074

Amag: Bu calismanin amaci, farkl irrigasyon aktivasyon tekniklerinin apikalden ekstriize olan debris
miktarina etkisini incelemektir.

Yontemler: Yetmis adet ¢ekilmis mandibular molar disin mesial kdkleri galismaya dahil edildi. Mesiobukkal
kokler, resiprokal hareketle calisan ege sistemi ile 40/.06 boyutunda prepare edildi ve final irrigasyon
aktivasyon tekniklerine gore bes gruba ayrildi: EDDY, Endoaktivator (EA), ultrasonik irrigasyon (Ul), manuel
dinamik aktivasyon (MDA) ve igneli irrigasyon (NI). Ekstriize debris Eppendorf tiiplerine toplandi ve
eppendorf tiipleri bes giin boyunca 70 °C'de bir inkiibatérde bekletildi. istatistiksel analiz igin Kruskal-
Wallis testi kullanildi. (P =,05).

Bulgular: EDDY ve EA, diger aktivasyon tekniklerine gére 6nemli 6lglide daha fazla debris ekstriizyonuna
neden oldu (P <,05). EDDY ve EA arasinda istatistiksel olarak anlamli bir fark yoktu (P >,05). En az debris
ekstriizyonu NI'da gozlendi ancak PUI, MDA ve NI arasinda istatistiksel bir fark yoktu (P > ,05).

This study has been presented as an oral
presentation at the 9th International
Scientific Symposium of the Turkish

Endodontic Society. Sonug: EDDY ve EA, diger gruplara gore daha yiiksek derecede apikal debris ekstriizyonuna neden oldu.
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The success of root canal treatment depends on the effective elimination of microorganisms and
byproducts from the root canal system. Despite the development of endodontic instruments for this
task, it is known that mechanical preparation is still not sufficient for root canal cleaning. It has been
shown that untouched areas remain on the root canal surface when mechanical preparation is used on
its own.! Needle irrigation (NI) is the basic technique for root canal irrigation, and the level of needle tip
placementin the canal is the most dominating factor for solution extrusion.2 NI does not provide
adequate disinfection, especially in the apical third of the root. Therefore, activation of the irrigating
agent has been recommended for effective root canal irrigation.3
During the irrigation activation procedure, residual tissues, bacteria and byproducts within the canal
may extrude through the apical foramen into the periradicular area. This is an undesirable situation and
is considered the main cause of postoperative pain following endodontic treatment.* For this reason,
selecting an irrigation activation procedure that can reduce the risk of debris extrusion is important for
postoperative pain.>

Yayin Tarihi/Publication Date  20.01.2025

Sorumlu Yazar/Corresponding author:
Meltem SUMBULLU

E-mail: meltem_endo@hotmail.com

Cite this article: SUmbdlli M, Biker M,
Unal O, Ozen MM. Comparison of Apical
Debris Extrusion Using EDDY,
EndoActivator, Ultrasonic Irrigation and
Manual Dynamic Agitation.  Curr Res
Dent Sci 2025;35(1): 36-40.

(@LOIele

Content of this journal is licensed under a Creative
Commons Attribution-NonCommercial-
NoDerivatives 4.0 International Licens

Curr Res Dent Sci 2025; 35(1): 36-40 / doi: 10.17567/currresdentsci.1437596



37

Passive ultrasonic irrigation (PUI) cleans dentin through acoustic
streaming and cavitation.® It has been shown that increased fluid
dynamics results in greater penetration of the irrigation solution and
removal of the smear layer, especially in the apical third and untouched
areas of the root.”8 Manual dynamic agitation (MDA) is performed by
moving a gutta-percha main thread compatible with the preformed
canal up and down in the canal with short, gentle strokes of 2 to 3 mm.
An effective hydrodynamic effect can be produced with this technique.®

The EndoActivator (EA, Medium, Dentsply Sirona), a sonically
powered canal irrigation system, is a portable handpiece with disposable
flexible polymer tips in various sizes that do not sever root dentin.1° It
was shown that this technique can thoroughly debride the complex root
canal anatomy and remove the smear layer and biofilm.11 EDDY (VDW,
Munich, Germany), another sonic device with a non- cutting disposable
polyamide tip (#25, taper 0.04), is powered by an air scaler at a rate of
approximately 6,000 Hz.12 The disposable non-cutting tip moves in three
dimensions and enhances the cavitation and acoustic flow effect of the
irrigation solution through high-amplitude oscillation.13

Previous studies have shown that irrigation techniques and file
systems can cause apical debris extrusion, depending on the type of
technique and the kinematics of the files.1#1> However, there are no
studies comparing the effects of EDDY, EA, PUI, MDA and NI on apical
debris extrusion. Therefore, the purpose of this experimental study was
to compare the effects on apical debris extrusion of EDDY, the EA, PUI,
MDA and NI. The null hypothesis was that altering the irrigation
activation techniques used would not affect the amount extruded.

METHODS

Tooth Selection

This study was conducted according to the Preferred Reporting
Items for Laboratory studies (PRILE) 2021 guidelines.1® The study was
approved by The Ethics Committee of the Faculty of Dentistry, Atatiirk
University (Decision Date/Number: 26.01.2022 / 2022-03-22). Extracted
mandibular molars were obtained from surgeries undertaken to address
periodontal or orthodontic issues. All teeth had two different apical
foramens with two mesial canals. Roots with apical diameters greater
than the #15K file size were not included. Teeth with calcification, crack
formation or resorption were also excluded. The curvature of each root
canal was determined according to the Schneider method using digital
radiographs which were taken in buccolingual and mesiodistal
directions.’” The mesial roots of 70 mandibular molars with canal
curvatures ranging from 10 to 20 degrees were included. An access
cavity was prepared, and a #10K file (Dentsply, Sirona, Switzerland) was
placed until it was visible through the apical foramen. Glide path
preparation was performed with a ProGlider (#0.16) rotary file according
to manufacturer recommendation (300 rpm / 2 Ncm). Working length
was determined by subtracting 0.5 mm from this length. The mesial
roots of the teeth were removed from the cementoenamel junction. The
working length (WL) was then standardised to 16 mm.

According to power analysis software (G*Power 3.1.Universitat,
Dusseldorf, Germany), the sample size of 11 samples per group was
determined from a previous study at an alpha error probability of 0.05
and power of 95% (effect size = 0.642).2® To enhance the statistical
power of the study, 14 teeth were enrolled in each group. The specimens
were numbered and randomly allocated to four groups (n = 14) using a
web programme (www.randomizer.org).

Myers and Montgomery’s!® method was followed to carry out the
experimental procedures. Eppendorf tubes were preweighed three

times on a 10 precision scale (Precisa XB 220A, Precisa Instruments,
Dietikon, Switzerland), and the average weight was recorded as the tube
weight. The Eppendorf tubes were placed in glass bottles, and a round
hole was created in each of their stoppers. The teeth were inserted into
the stopper up to the cementoenamel junction and fixed with
cyanoacrylate (Pattex Super Glue; T€urk Henkel, Inc., Istanbul, Turkey)
to prevent leakage of the irrigants. A needle was inserted into each
stopper to balance the internal and external air pressure, and a rubber
dam was used to prevent the operator from observing the root apex
during root canal preparation and irrigation. All procedures were
performed by the same specialist. The experimental model is as shown
in Figure 1.

A Reciproc Silver endodontic motor (VDW, Munich, Germany) was
set to ‘RECIPROC ALL’ mode. Reciproc R25 files (size 25, 0.08 taper; VDW)
and R40 files (size 40, 0.06 taper; VDW) were used, and the crown-down
shaping procedure was followed. For irrigation during the
instrumentation procedures, 2.5 mL of distilled water was used. In the
final irrigation, the following irrigation activation protocols with distilled
water were applied (n = 14 in each group): EDDY, EA, PUI, MDA and NI.

Experimental Groups

EDDY

The irrigant was activated with a frequency of 6,000 Hz and an
amplitude of 160 mm using an air scaler (KaVo SONICflex, KaVo)
according to the manufacturer’s recommendations. The root canal was
filled with distilled water (2 ml). The EDDY’s tip was then positioned 2
mm short of the WL, and an up and-down motion was repeated with 5-
mm movements for 30 s.

Endoactivator

2 ml of irrigant were filled into the root canal, and the EA’s tip (size
#25/0.04) was positioned at a distance of 2 mm from the WL. The tip was
moved up and-down motion, and the distilled water was agitated for 30
seconds using 5 mm vertical strokes.

Passive Ultrasonic Irrigation

A size 20 Irrisafe tip (Acteon Satelec, France) with a power setting of
3 was mounted on a VDW Ultra ultrasonic device and the irrigant was
activated as recommended by the manufacturer with a frequency of
28,000 Hz. Two millilitres of distilled water were filled into the root
canal. The tip was positioned two millimetres below the WL, and an up-
and-down motion at 5 mm amplitudes was executed for 30 s.

Rubber stopper

Eppendorf tube

Figure 1. A schematic illustration of the experimental model.
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Previous studies have shown that irrigation techniques cause
apical debris extrusion

The aim of this study was to compare the efficacy of EDDY,
Endoactivator, Passive Ultrasonic Irrigation, Manuel Dynamic
Agitation, and Neddle Irrigation in terms of apical debris extrusion

Ethical approval was obtained from The Ethics Committee of the
Faculty of Dentistry, University A. (Decision no: 2022-03)

The study includes extracted mandibular molars due to
periodontal or orthodontic reasons.

Irrigation protocols were as follows
Group 1 - EDDY (n = 14),
Group 2 - Endoactivator (n = 14),
Group 3 - Passive Ultrasonic Irrigation (n = 14)
Group 4 - Manual Dynamic Agitation (n=14)
Group 5 - Needle Irrigation (n=14)

The apically extruded debris were collected into Eppendorf tubes.

The weight of extruded debris was calculated by subtracting the
initial weights of the Eppendorf tubes from the final weights of the
tubes.

debris extrusion. EDDY and EA caused significantly more debris

extrusion than the other irrigation activation systems (p<0.05).
There were no statistically significantly differences between EDDY

and EA (p>0.05). NI caused less apical debris extrusion but there

q ™
The results showed that all the activation protocols caused apical

| was no statistical difference between PUI, MDA, and NI (p > 0.05). )

EDDY and EA using as final irrigation protocols were associated
with significantly higher apical debris extrusion.

Manual Dynamic Agitation

A 2 mL of distilled water was inserted into the canal, and the irrigant
was agitated using the MDA approach. A gutta-percha master cone that
fit well was placed in the canal and gently moved up and down 100 times
in 5 mm strokes for one minute.

Needle Irrigation

A 30 G needle (Ultradent Products Inc) was placed into the canal 2
millimetres short of the WL. Irrigation solution (2 ml) was placed into the
root canal, and for 30 seconds, 5 mm movements were used to agitate
the distilled water in an up-and-down motion.

All methods of final irrigation activation procedures with distilled
water were repeated twice. Following the instrumentation of the root
canal, the Eppendorf tubes were taken out of the vials. Each tooth’s apex
was flushed with 1 mm of distilled water to collect the apically extruded
debris that had adhered to the root apex. The Eppendorf tubes were
stored in an incubator (Binder, Tuttlingen, Germany) at 70° for 5 days so
the irrigant could evaporate. An electronic balance (Precisa XB 220 A)
was used to measure the weight of each Eppendorf tube three times.
The mean values of extruded debris were recorded. The normality
distribution of the data was determined using the Shapiro—Wilk test, and
a nonparametric one- way analysis (the Kruskal-Wallis H test) was
conducted to compare the amounts of debris. IBM SPSS 22.0 software
(IBM, Armonk, NY, USA) was used to analyse the data, with the level of
statistical significance set at 0.05.

RESULTS

A PRILE 2021 flowchart is presented in Figure 2. The median,
minimum and maximum, and mean rank values are listed in Table 1. The
results demonstrate that apical debris extrusion was caused by all the
activation protocols tested. EDDY and the EA considerably increased the
amount of debris extruded compared to the other irrigation activation
methods (P < .05). No statistically significantly differences in debris
extrusion were observed between EDDY and the EA (P > .05). NI caused
less extrusion, but there were no significant differences between PUI,
MDA and NI (P >.05).

Table 1. Different lowercase means significant difference among the groups (P <
.05).

n Median Min Max Mean Rank
EDDY 142 0,0175 0,0126 0,0308 55,00
Endoactivator 142 0,0159 0,0122 0,0314 52,43
PUI 14b 0,01 0,0005 0,0234 30,50
MDA 14> 0,0074 0,0002 0,0122 20,54
NI 14b 0,0005 0,0006 0,0129 19,04

The authors deny any financial affiliations related to this study.

All authors deny any conflict of interest

*From: Nagendrababu V, Murray PE, Ordinola-Zapata R, Peters OA, Régas IN, Siqueira JFJr,
Priya E, Jayaraman ], Pulikkotil SJ, Camilleri ], Boutsioukis C, Rossi-Fedele G, Dummer PMH
(2021) PRILE 2021 guidelines for reporting laboratory studies in Endodontology: a
consensus-based development. International Endodontic Journal May 3. doi:
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Figure 2. PRILE 2021 flowchart
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DISCUSSION

Although irrigation protocols are essential for successful root canal
treatment, increased positive apical pressure can cause extruded
debris.20 In turn, periapical inflammation, postoperative discomfort and
flare-ups are caused by apical debris extrusion.2! There is limited
research on differences in apical debris extrusion using of EDDY under
various experimental conditions.22-24 In this study, we investigated the
quantity of apical debris extrusion using EDDY, EA, PUI, MDA and NI. The
results show that EA and EDDY caused significantly more debris
extrusion. Thus, the null hypothesis was rejected.

Ince-Yusufoglu et al.22 assessed the effects of various irrigation
activation systems — EDDY, PUI and PIPS — on debris extrusion and
showed that EDDY causes debris extrusion at a statistically significant
level. According to a different investigation, PUI produced significantly


https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13542
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less apical irrigant pressure than the EDDY technique.?? Ada et al.2°
investigated debris extrusion using the EA, Ul, MDA and NI, and they
found that the EA produced the most debris. These results are supported
by the present findings. During sonic activation, increasing the flow rate
while delivering irrigation chemicals throughout the root canal system
improves their efficacy.Z> PUI generate the ultrasonic vibration energy
and oscillating movement that allows a lateral flow towards the root
canal wall.6 The 3D motion of the sonic system, along with its frequency
and flexible tips, induces a substantial quantity of debris extrusion.?2 This
may explain the greater extrusion yielded by EDDY and the EA in the
current study.

There was no significant difference in the quantity of debris extruded
using the MDA, NI and PUI techniques in the current study. There is no
significant difference in the volume of irrigation liquid that extrudes
from the apex when using ultrasonic tips rather than conventional
needle irrigation when the file is placed 1 or 3 mm beyond the WL.26
ince-Yusufoglu et al.22 reported that PUI caused less apical debris
extrusion (by weight) than MI, but there was no statistically significant
difference between the amount of debris extruded following Ml and PUI
application. A previous study comparing the EndoVac, EA, Rispisonic and
PUI techniques found that the EA sonic device caused less apical debris
extrusion than PUL* Another spectrophotometry-based study that
assessed the efficacy of PUI, the EA and MI found that PUIl and the EA
produced more debris than MI, while no statistical difference was
detected between PUI and the EA.> Tambe et al.?’ reported that PUI
caused less debris extrusion than MI. However, in this study, irrigation
solution was activated for 20 seconds. Some methodological factors,
such as the using different irrigation solution!* (such as NaOCI),
measurement method of extruded debris®, agitation time2’ or apical
preparation size23 may have contributed to the inconsistency between
previous findings and our results.

The three most popular activation methods are SI, PUI and MDA.%5
ince-Yusufoglu et al.28 examined postoperative pain levels following
EDDY and MDA application and recorded statistically significantly higher
postoperative pain scores in the EDDY group after 12, 24 and 48 hours.
This may be attributed to the inflammation that develops in the
periapical tissues as a result of the large amount of debris extruded. The
fact that automated techniques produce frequency more efficiently than
the manual push—pull action of gutta-percha may account for the
difference between MDA and sonic systems.20

During the incubation procedure (70°C for 5 days), the irrigants into
the canals should be evaporated. If NaOCl or other irrigants was used for
irrigation procedures, crystals of these irrigants are likely to remain
which might adversely affect the reliability of the study. Sodium crystals
that cannot be separated from extruded debris may cause effect of the
results.2230 Therefore, we used distilled water as the irrigation solution
rather than sodium hypochlorite in our study.

Previous research on debris extrusion has focused on floral foam and
agar gel techniques.3132 |t is believed that periapical tissues can be
mimicked using these techniques. However, these studies’ findings were
directly impacted by the foam’s absorption of extruded irrigants and
challenges in modifying the agar gel’s thickness. For this reason, we used
Tanalp and Giingor's technique in the current investigation to provide
group standardisation.??

The use of single and straight roots in this in vitro study was one of
its limitations. Karataslioglu et al.33 reported that the amount of apical
debris extruded increases in accordance with the increase in the degree
of canal curvature in the teeth. Also, for the real extrusion
measurement, it is necessary to use irrigants as in the clinical practice
and the periapical tissue resistant must take into consideration. Results
may also differ depending on normal or pathological tissues. In clinical

applications, in teeth with resorption, perforation defects, or immature
roots with open apex, the higher amount of apical extrusion should also
be taken into account when using the ajitation techniques with a caustic
irrigation agent such as NaOCl or EDTA.3* The resistance of periapical
tissues has an inhibiting effect on apical extrusion of irrigant. Briefly, the
observed results should not be generalized to teeth with shorter or
longer root length.35

CONCLUSION

Within the limitations of this study, using EDDY and the EA as final
irrigation protocols produced a significantly higher apical extrusion of
debris.
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Effect of Different Beverages and Polishing Systems
on Color Stability and Surface Roughness of a Smart
Chromatic Composite Resin and Methacrylate
Composites

Farkli icecek ve Parlatma Sistemlerinin Akilli Kromatik
Kompozit Rezin ve Metakrilat Kompozitlerin Renk
Stabilitesi ve Yiizey Pirizluligiu Uzerine Etkisi

ABSTRACT

Objective: The purpose of the study is to evaluate the color stability and surface roughness of smart
chromatic composite resin and methacrylate composite resins with applying different polishing systems
and stored in different solutions.

Methods: In the study, 120 disc-shaped specimens were prepared from a smart chromatic composite, a
nanofill composite, and a nanohybrid composite. The specimens were separated into 12 groups with a
specimen size of 10, and the two different polishing systems were utilized. The initial color values of the
specimens were measured with a spectrophotometer and the surface roughness values were measured
with a profilometer. Then, the specimens were stored in two different beverage solutions, and color and
roughness measurements were repeated. The mean color change values of the specimens were calculated
in AE, and the surface roughness values were recorded in Ra. Statistical analysis of the data was performed
using One-way ANOVA and post hoc Tukey test (P =.05).

Results: Statistically significant variations were observed in the mean color change values among the
groups, as a consequence of the utilization of various polishing systems and exposure to different solutions
(P.05). Although no significant variations were observed in the mean surface roughness values of the
specimens due to exposure to different solutions (P >.05), significant distinctions were identified among
the groups to which different polishing systems were employed (P <.05).

Conclusion: The application of different polishing systems and exposure to various solutions can result in
variations in color and surface roughness values for composite resins, owing to their inherent structural
characteristics.

Keywords: Color Change, Composite Resin, Profilometer, Smart Chromatic Composite, Surface Roughness

(074

Amag: Calismanin amaci akilli kromatik kompozit regine ve metakrilat kompozit reginelerin farkh cila
sistemleri uygulanarak ve farkl solusyonlarda saklanarak renk stabilitesi ve ylizey purizlGliginin
degerlendirilmesidir.

Yontemler: Calismada akilli kromatik kompozit, nano dolgu kompozit ve nano hibrit kompozitten 120 adet
disk seklinde 6rnek hazirlandi. Numuneler 10 numune biyikligiinde 12 gruba ayrildi ve iki farkli cilalama
sistemi kullanildi. Numunelerin baslangi¢ renk degerleri spektrofotometre ile, ylizey puriizltlik degerleri
ise profilometre ile dlgllmistir. Daha sonra drnekler iki farkli igecek sollisyonunda saklanarak renk ve
pirazlalik olgiimleri tekrarlandi. Numunelerin ortalama renk degisim degerleri AE olarak hesaplandi ve
yuzey purizlulik degerleri Ra olarak kaydedildi. Verilerin istatistiksel analizi One-way ANOVA ve post hoc
Tukey testi kullanilarak yapildi (P =,05).

Bulgular: Cesitli cila sistemlerinin kullanilmasi ve farkli sollisyonlara maruz kalinmasi sonucunda gruplar
arasinda ortalama renk degisimi degerlerinde istatistiksel olarak anlamli farkliliklar goézlendi (P <,05).
Numunelerin ortalama yuzey purizlilik degerlerinde farkli sollisyonlara maruz kalmaya bagh olarak
anlaml bir degisiklik gérilmemekle birlikte (P >,05), farkli cila sistemlerinin kullanildigi gruplar arasinda
anlamli farkhliklar tespit edildi (P <,05).

Sonug: Farkh cilalama sistemlerinin uygulanmasi ve gesitli sollisyonlara maruz birakilmasi, kompozit
recginelerin dogal yapisal 6zellikleri nedeniyle renk ve yizey purizlilik degerlerinde farkhhklara neden
olabilir.

Anahtar Kelimeler: Renk Degisimi, Kompozit Regine, Profilometre, Akilli Kromatik Kompozit, Yiizey
Parazlulagi
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INTRODUCTION

The increasing demand for aesthetic dentistry has led to a rise in the
popularity of cosmetic dentistry, as individuals seek to not only maintain
oral health but also achieve a pleasing appearance of their teeth.!
Composite resin restorations have become a popular choice among
dental clinicians, as they can be used in a variety of indications and offer
a more conservative alternative to traditional ceramic restorations.?2 To
effectively imitate these properties, it is essential to have a
comprehensive understanding of the optical, anatomical, and functional
characteristics of natural teeth. Furthermore, the success of composite
resin restorations in providing both function and aesthetics for
prolonged periods of time is highly dependent on the clinician's
expertise, the appropriate indication, and the use of high-quality
materials.3

The replication of natural tooth aesthetics through composite resin
restorations can be a challenging task due to the polychromatic and
varied optical properties of natural teeth. The successful imitation of
these properties is crucial for achieving optimal aesthetic outcomes in
dental restorations. In addition, the development of layering techniques
and the use of high-quality materials enable clinicians to perform
complex restorations in a single session, utilizing direct techniques that
result in superior aesthetic and clinical outcomes. However, it is
important to note that the success of these restorations also depends
on the practitioner's expertise and the appropriate indication for their
use.*>

The preservation of color stability in dental restorations is a crucial
factor in achieving optimal aesthetic outcomes and ensuring the
longevity of the restoration. Discoloration, which is a common cause of
failure in anterior composite resin restorations, can be influenced by a
variety of factors including personal oral hygiene habits, diet and oral
habits. Additionally, the structural properties of the restoration, such as
the degree of polymerization and surface roughness, can also impact the
susceptibility to discoloration through water absorption.®8 Research has
shown that the color stability of composite resins can be influenced by
external factors, the composition of the material, and the shape and size
of the filler particles. It has been demonstrated that efficient polishing
and finishing techniques can reduce the surface roughness and
discoloration of composite resins.?

The finishing and polishing of composite resin restorations is a
critical aspect of achieving optimal aesthetic outcomes. A variety of tools
and techniques are utilized in these processes, including the use of
diamond or carbide burs, polishing discs, diamond-containing rubber
spirals, silicon carbide brushes, and polishing pastes. These systems,
which may involve one or multiple steps in the finishing and polishing
process, vary in terms of composition, type, and abrasive particle
hardness. The properties of the surface of composite resin restorations
are directly impacted by the polishing systems used, and thus represent
a significant factor in the overall success of the restoration.10

Recently, a new generation of smart chromatic composite resins has
been developed that eliminates the need for color selection during
composite resin restoration by mimicking the color of the dental tissues
from which it is made.l! While manufacturers claim that these
composites exhibit good color compatibility, polishing and color stability
with natural tooth tissues, there is a lack of research in the literature
investigating the effect of different polishing systems on the surface
properties and color of these composites. Furthermore, the effect of
exposure to various beverages in the oral environment on the surface
roughness and color of composite resins is an important topic that

requires further investigation. To address these gaps in knowledge, the
objective of this study is to examine the impact of two current polishing
systems and different storage conditions on the surface roughness and
coloration of a new generation smart chromatic composite and
traditional methacrylate-based composites used in anterior
restorations. The null hypothesis is that "different polishing systems and
storage conditions have no effect on the color change (1) and surface
roughness (2) of composite resin restorations."

METHODS

The materials utilized in this study are detailed in Table 1, which
includes information on their composition, filler particle sizes and
structures, and corresponding lot numbers.

Table 1. Resin-based composite materials and polishing materials used in the
study.

Material/Manufacturer

Particle size Content Lot

Omnichroma 260 nm spherical UDMA, TEGDMA, Uniform size
Tokuyama Dental, Si02-Zr0; supra-nano spherical filler (spherical 022E12
Tokyo, Japan Si0,-Zr0z)
Filling content by weight 70%
Silica particles 645560
Filtek Ultimate (A2B) (20 nm), Bis-GMA, UDMA, TEGDMA,
3M ESPE, St. Paul, MN, zirconium PEGDMA, Bis-EMA,
USA particles (4-11 silica, zirconium

nm) Filling content by weight 78.5%
Estelite Asteria (A2B) 200 nm spherical Bis-GMA, UDMA, TEGDMA, Bis- W220
Tokuyama Dental, Si02-Zr0; MPEPP, supra-nano spherical filler
Tokyo, Japan (spherical SiO»-Zr0;) Filling content

by weight 82%
Material/Manufacturer Abrasive particle Content Lot
Twist Dia Pre-polisher: 25- Diamond coated flexible silicone 404817
Kuraray, Noritake, 35 pum spirals
Germany High shine
polisher: 4-8 um
3M Sof-lex 46 pum aluminum Spiral 1: Aluminum oxide coated N513708
3M ESPE, St Paul, MN, oxide particles spiral
USA 36 pm diamond Spiral 2: Diamond elastomer
particles coated spiral

Bis-GMA: Bis-phenol A diglycidylmethacrylate, Bis-MPEPP: Bisphenol A polyethyl
methacrylate, Bis-EMA: Bisphenol A ethoxylate dimethacrylate, TEGDMA: Triethylene glycol
dimethacrylate, UDMA: Urethane dimethacrylate, PEGDMA: Polyethylene glycol.

Preparation of Resin Specimens

In this study, three different composite resin materials were utilized
(Omnichroma [smart chromatic composite; Tokuyama Dental, Tokyo,
Japan], Filtek Ultimate [nanofill composite; 3M ESPE, St. Paul, MN, USA],
Estelite Asteria [nanohybrid composite; Tokuyama Dental, Tokyo,
Japan]). In total, 120 specimens were fabricated, each measuring 6 mm
in diameter and 2 mm in thickness. Based on power analysis, it was
determined that a minimum of 8 specimens per group should be
prepared with 95% confidence (1-a), 80% test power (1-B) and f=0.4
effect size. Therefore, the number of specimens was set to 10. The 120
specimens were randomly divided into 12 subgroups based on the
polishing system and staining solution. The composite resin was placed
in a teflon mold (6 mm in diameter and 2 mm in height) between two
cement glasses and polymerized by covering the composite surface with
a transparent matrix tape, similar to a previous study on specimen
preparation.1? In the polymerization process of the specimens, a LED
(light emitting diode) curing unit (Valo LCU; 1000 mW/cm?, Ultradent
Products Inc, South Jordan, USA) was utilized on the upper and lower
surfaces of the specimens for a duration of 20 seconds. To ensure
accuracy, the power of the light device was measured using a radiometer
(Curing Radiometer; Kerr Corp., Orange, USA) and calibrated in all three
specimens. The prepared specimens were then left to store in distilled
water for 24 hours to complete the polymerization process.
Subsequently, both surfaces of the specimens were polished five times
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using 600-800 grit abrasive SIC (silicon carbide) abrasive papers to
ensure initial surface standardization.

Study Groups

In the study, there are 6 different groups according to the composite
resin and polishing spiral used in restorations, and they are divided into
two subgroups according to the staining solutions (Figure 1).
Group 1: Omnichroma composite - Twist Dia spiral polishing disc (O-TD)
Group 2: Omnichroma composite - Soflex spiral polishing disc (O-S)
Group 3: Filtek Ultimate composite - Twist Dia spiral polishing disc (F-TD)
Group 4: Filtek Ultimate composite - Soflex spiral polishing disc (F-S)
Group 5: Estelite Asteria composite - Twist Dia spiral polishing disc (E-
D)
Group 6: Estelite Asteria composite - Soflex spiral polishing disc (E-S)

Study Groups (n=120) |
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‘ Estelite Asteria (n=40) ‘
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Figure 1. Systematic representation of study groups. O-TD: Omnichroma - Twist
Dia, O-S: Omnichroma — Soflex, F-TD: Filtek Ultimate - Twist Dia, F-S: Filtek
Ultimate — Soflex, E-TD: Estelite Asteria - Twist Dia, E-S: Estelite Asteria — Soflex

Polishing protocol

The surfaces of the composite specimens in the Twist Dia groups
were polished using a 2-step diamond particle-impregnated polishing
system (Twist Dia, Kuraray Noritake, Germany). The coarse-grained
(14p) spiral rubber was applied for 20 seconds in a counter-clockwise
direction at 5.000 revolutions, followed by the fine-grained (10y) spiral
rubber applied to the composite resin surfaces for an additional 20
seconds in a counter-clockwise direction at 2.000 cycles.

The surfaces of the composite specimens in the groups using the
Soflex Spiral Disk were polished using a 2- step polishing system (Soflex
Spiral Disk, 3M ESPE, St. Paul, MN, USA). The system comprised the
application of Al,0s-coated fine-grain polishing spirals followed by super
fine-grain polishing spirals with diamond particles. Both were applied in
a counter-clockwise direction for 20 seconds at a speed of 5.000
revolutions. Polishing systems were applied to the specimens under
water.

Evaluation of Color Stability

After the polishing process, the specimens in all groups were
exposed to staining solutions (orange juice [Dimes, Turkey], cola [Coca-
Cola, Atlanta, USA]) to evaluate their color stability. According to
previous in vitro studies using coffee as a staining solution, it was found
that a cup of coffee is typically consumed within 15 minutes and the
mean daily coffee consumption is 3.5 cups. Additionally, to replicate the
oral environment, a constant temperature of 37°C was maintained
during the study.1314 Before using the beverages for staining in this
study, the pH of the beverages was measured using a pH meter (distilled
water pH=5.56, orange juice pH=3.38, and cola pH=2.64). The specimens
were immersed in the staining solutions at intervals of 8 hours, three
times a day, and stored at 37°C. The staining solutions were renewed
every 8 hours until the experimental period was completed. By
maintaining this exposure regimen for a total of 12 days (288 hours), it
approximated to a 12-month period of beverage consumption for an
individual who consumes 2-3 cups of beverage daily, each consumed
within 15 minutes.”

Color measurements of the prepared composite resin specimens
were performed using a spectrophotometer device (SpectroShade Micro
I, SpectroShade, CA, USA). The initial color measurements were taken
after the specimens were stored in distilled water at 37°C for 24 hours
and the data was recorded in the CIE L*a*b* color spectrum. Mean
values were obtained by repeating the measurements three times on a
standard white background. Before each measurement, the device was
calibrated in accordance with the manufacturer's instructions.
Subsequent color measurements were conducted after the specimens
were removed from the staining solutions, washed with distilled water
for 10 seconds, and dried slightly.* Color measurements of the
specimens were taken at the initial step and after 288 hours of exposure
to the staining solutions. All color measurements were repeated three
times on a standard white background to obtain mean values, and the
data was recorded. The color change (AE) values were calculated using
the following formula:

AE*=[(L1*-L0*)2+(al*-a0*)2+(b1*-b0*)2]1/2

The CIE L * a * b * values pertaining to the specimens after being
immersed in the staining solutions are represented by the L1, al, and bl
values, respectively. The CIE L * a * b * values measured during the initial
step are represented by the LO, a0, and b0 values, respectively. A AE
value of 3.3 was considered as a clinically acceptable level of color
change.l*

Evaluation of Surface Roughness

The initial surface roughness measurements of the composite resin
specimens after polishing were conducted by measuring the specimen
surfaces at three different points using a profilometer device (SJ-101
Mitutuyo Surfest, Kanagawa, Japan). The measuring length of the device
was set at 0.8 mm and the working speed was set at 0.05 mm/s. The
surfaces of the specimens on which the roughness measurements were
made were marked and then exposed to staining solutions of orange
juice and cola for 12 days. To determine the surface roughness values of
the specimens after staining, three distinct points on the designated
surface of each specimen were measured, and the average of these
measurements was calculated. Additionally, surface roughness was
evaluated qualitatively using a scanning electron microscope [SEM,
(LEO-440, Zeiss, Cambridge, England)].

Statistical analysis

The collected data was analyzed using the SPSS statistical software
to evaluate the results (SPSS 22, IBM, Chicago, lllinois, USA). The
normality of the data was evaluated using the Shapiro-Wilks test to
ensure the data met the assumptions of the statistical tests. Surface
roughness and color stability assessments were performed using One
Way ANOVA and the post hoc Tukey test (P=.05).

RESULTS

The findings of the CIE L*a*b* color spectrum for the resin
composite resins and polishing systems evaluated in the study are
presented in Table 2, and the color stability findings are presented in
Table 3. A statistically significant variation was identified in the mean
color change values between the groups exposed to different staining
solutions (P<,05). Among the groups exposed to orange juice, the lowest
color stability was observed in the O-S and E-S groups (P<,05). The lowest
color stability was observed in the O-S, F-S, and E-S groups among the
groups exposed to cola (P<,05). After storing in orange juice and cola,
color change findings above the clinically acceptable threshold value
were obtained in all resin composite resins. In general, the mean color
change values were found to be higher in the specimens polished with
the Soflex system.
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The results of the surface roughness measurements for the
composite resin specimens used in the study are presented in Table 4.
An examination of the effect of the staining solutions on the surface
roughness of the specimens indicated that the beverages that were
tested did not significantly impact the surface roughness (P>,05). In
general, it was observed that the mean surface roughness values of
specimens stored in cola were higher than those stored in orange juice.
Statistical significance was found between the application of different
polishing systems to various composite resin specimens and the surface
roughness values of the specimens (P<,05). The mean surface roughness
values were found to be statistically significantly higher in the O-S and E-
S groups (P<,05). Representative SEM images following exposure to the
different beverages can be found in Figure 2.

Table 2. The mean L*, a*, b* values and standard deviation of the specimens at
the initially and after the storing in the solutions

Initially (Distilled water) Orange Juice Cola
Group Index

Mean + SD Mean + SD Mean + SD
L* 82.81+3.51 71.12+3.64 62.24 + 3.68

O-TD a* 1.07 +1.37 1.03+1.25 0.83+1.11
b* 21.36+1.87 20.60 + 1.30 20.31+2.14
L* 83.14+2.18 70.85+3.14 59.26 + 2.58

0-s a* 1.55+0.81 1.47 +1.53 1.27+1.36
b* 22.931+2.2 21.84+1.75 21.60+1.21
L* 80.43 +2.45 71.31+3.74 63.23+2.75

F-TD a* 1.29+1.35 0.97 +0.84 1.12+0.79
b* 23.70+2.57 21.21+1.47 19.52 +3.28
L* 78.95+2.78 70.73 £ 2.42 63.50 £ 3.71

F-S a* 1.18+1.71 1.56 +1.62 1.58+1.34
b* 22.74+2.51 21.41+2.63 20.36 + 2.98
L* 81.42 +3.47 70.59 £ 2.72 65.42 + 3.15

E-TD a* 0.87 +1.63 1.23+1.78 1.53+1.46
b* 19.59 + 2.81 21.33+2.18 22.41+3.12
L* 82.75+3.78 71.84 +2.36 60.42 + 3.31

E-S a* 1.28+1.51 2.06 +1.42 1.54+1.13
b* 21.51+2.41 21.41+1.67 20.33+1.74

O-TD: Omnichroma - Twist Dia, O-S: Omnichroma — Soflex, F-TD: Filtek Ultimate - Twist Dia,
F-S: Filtek Ultimate — Soflex, E-TD: Estelite Asteria - Twist Dia, E-S: Estelite Asteria - Soflex

Table 3. Mean AE values and standard deviation of specimens after storing in
solutions

AE-P AE-K

Group P
Mean £ SD Mean * SD

O-TD 5.62 (+ 1.06)*° 7.91 (£ 1.37)® <.001
0-S 6.92 (£ 1.37)82 9.71 (£ 1.48)P> <.001
F-TD 5.51 (+ 0.95)A 7.84 (£ 1.05)% <.001
F-S 5.78 (£ 1.04)r2 8.98 (£ 1.16) <.001
E-TD 5.73 (£ 1.18)A 8.19 (£ 1.25)%® <.001
E-S 6.23 (£ 0.98)82 9.45 (£ 1.27)b <.001

P <,001 <,001

* The same uppercase indicates statistical differences in the same column, same lowercase
letters indicate statistical differences in the same row (P <,05).

AE-P: Initially — 12 days orange juice, AE-K: Initially — 12 days cola, O-TD: Omnichroma - Twist
Dia, O-S: Omnichroma — Soflex, F-TD: Filtek Ultimate - Twist Dia, F-S: Filtek Ultimate — Soflex,
E-TD: Estelite Asteria - Twist Dia, E-S: Estelite Asteria — Soflex

Table 4. The mean Ra (um) values and standard deviation of the specimens at the
initially and after the storing in the solutions

Initially (Distilled water) Orange Juice Cola
Group P
Mean + SD Mean + SD Mean £ SD

O-TD 0.19 (£ 0.09)A 0.19 (£ 0.11)A 0.21 (£ 0.08)A .24
0-S 0.35 (£ 0.11)® 0.37 (£ 0.09)® 0.38 (£0.11)® .93
F-TD 0.19 (£ 0.10)* 0.22 (£ 0.07)* 0.25 (£ 0.13)A .37
F-S 0.16 (+ 0.08)A 0.17 (£ 0.10)* 0.19 (£ 0.10)A .08
E-TD 0.18 (£ 0.09)A 0.18 (£ 0.12)* 0.19 (£ 0.09)A .85
E-S 0.29 (£ 0.11)¢ 0.31 (£ 0.09)¢ 0.37 (£0.10)8¢ 42

p <0.001 <0.001 <0.001
* Same uppercase indicates statistical differences in the same column (P<,05).
O-TD: Omnichroma - Twist Dia, O-S: Omnichroma — Soflex, F-TD: Filtek Ultimate - Twist Dia,
F-S: Filtek Ultimate — Soflex, E-TD: Estelite Asteria - Twist Dia, E-S: Estelite Asteria - Soflex

DISCUSSION

In the present study, the color change and surface roughness of a
smart chromatic composite resin and two different methacrylate-based
composite resins were evaluated by exposing them to different polishing
systems and solutions. The color of an object is defined as the reflection
and absorption of light from the object and the sensation it creates in
the eye, which is dependent on its own structure.!® Color matching and
color stability are critical parameters in aesthetic restorations. Different
methods have been reported in the literature for assessing the color
characteristics of restorative materials, however, spectrophotometers
are commonly used due to their ease of use and ability to evaluate using
different scales. In this study, we utilized a digital spectrophotometer for
color measurement and recorded the data in the CIE L*a*b* color
coordinates, which are widely used in the mathematical formulation of
color values and are frequently preferred in dentistry with their ease of
calculation and evaluation of data.l’® AE values were calculated by
exposing the specimens to different polishing systems and solutions.

In the present study, the color change of composite resin specimens
was evaluated by measuring their AE values after being stored in
different polishing systems and staining solutions. Stober et al.1” have
shown that prolonged exposure to staining solutions can result in the
discoloration of composite resins due to the penetration of color
pigments into their surfaces. In this study, although keeping in orange
juice caused a color change, it was determined that this effect was more
in the specimens stored in cola. Similar to this study, Meenakshi et al. 18
found that the specimens stored in cola showed higher color change
values than the specimens stored in orange juice. Researchers
determined that cola caused more surface deterioration in composite
resin specimens and stated that it could cause more color change with a
high color-pigment ratio. This situation, which is stated in the literature,
may cause more color changes in the specimens stored in cola in our
study. In the present study, AE values in all specimens stored in different
solutions were found to be higher than the clinically accepted value of
3.3. This is an indication that long-term exposure to both solutions may
cause surface discoloration in composite resins.

In the current study, it was established that the polishing and
structural characteristics of the resin have a significant impact on the
composite resin's ability to resist discoloration. Specifically, it was
observed that the better the surface of the composite resin is polished,
the greater its resistance to discoloration. The use of polishing systems
containing small-sized (10-14pum) diamond particles and flexible silicon
structures, such as the Twist Dia system utilized in this study, was found
to result in lower mean AE values for all composite resin specimens.
These systems can improve surface brightness and, as a result, better
resist discoloration.1®

Studies in the literature have demonstrated that the organic matrix
structure, filler content, and amount of composite resin play a role in
resisting color change by influencing properties such as water
absorption and degree of polymerization.7.20 |t was observed in the
present study that the nanofill composite resin specimens (Filtek
Ultimate) exhibited lower mean color change values than the smart
chromatic composite resin and nanohybrid composite resin specimens.
The small filler particle size (20 nm), filler content comprising zirconium
particles, and the resin matrix structure of the nanofill composite resin
may have contributed to the lower mean color change values observed.

The introduction of smart chromatic composite resins in dentistry
has been met with great interest as they utilize an additive color mixing
system to reflect the color of the supporting tooth tissues, mimicking the
natural tooth appearance. This system aims to create a tooth- staining
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image by reflecting light from natural tooth structures instead of relying

on dominant color pigments, allowing for the imitation of various tooth
shades with a single composite resin.1121 |n this study, smart chromatic
composite resin specimens displayed lower mean AE values than
nanohybrid composite resin specimens, despite being exposed to
solutions containing intense color pigments for an extended period.
However, the mean color change values were higher than nanofill
composites. Similar to our study, Aydin et al.22 determined that smart
chromatic composite resin specimens showed more color change than
nanofill composites. Researchers claimed that this situation may be due
to water absorption depending on the monomer content of the
composite resin. The high color change in this study may be due to the
matrix structure, monomer content of the composite resin, and water
absorption during the storage process. These color change values were
found to be above the clinically acceptable threshold. As a result, our
first null hypothesis that "different polishing systems and storage
conditions have no effect on the color change of composite resin
restorations" was rejected.

In the present study, the surface roughness of composite resin
restorations was evaluated using a profilometer device, which is widely
used in dentistry due to its ease of use, suitability for the materials, and
ability to provide sensitive results. The Ra value, which is calculated by
averaging the absolute values of the positive and negative elevation and
trough values of the line passing through the center of the specimen,
was used as a measure of surface roughness. The higher the Ra value,
the higher the surface roughness.?*> The clinically accepted threshold
value for surface roughness, in terms of the absence of plaque retention
and discoloration, is 0.2 um. Additionally, a SEM was used in our study
for qualitative evaluation of the surface roughness of the specimens. The
findings of this study suggest that the finishing and polishing processes
can influence the surface roughness of composite resin restorations,
which may have an effect on the restoration's long-term clinical
performance. Factors such as plague and bacterial uptake, food
accumulation, microleakage, and secondary caries formation, may be
influenced by the surface roughness of the restoration.2425

In this study, the mean surface roughness values of composite resin
specimens maintained in various beverages showed no significant
variation (P>,05). Storing composite resins in solutions with low pH
values may result in an increase in surface roughness. Ertas et al.2 also
found that acidic beverages may increase the roughness of composite
resin restorations by causing surface deterioration. In the present study,
it was observed that the mean surface roughness values of the
specimens stored in cola, which has a relatively lower pH compared to
orange juice, were found to be higher. In spite of orange juice's acidic pH
(pH=3.38), our study indicated that specimens stored in it had lower
mean surface roughness values than specimens stored in cola (pH=2.64).

The results of this study indicate that the filler content and particle
size, resin matrix structure, and degree of polymerization of composite
resins can affect the surface roughness.?’ The smart chromatic
composite resin specimens had the greatest mean surface roughness
values, whereas nanofill composite resin specimens had the lowest
mean values. In general, the mean surface roughness values of nanofill
composite resin specimens were found to be below the clinically
acceptable limit of 0.2 um. The low particle size and high filler content
(78.5% wt.) of the nanofill composite resin may have contributed to the
smoothness of the restored surface. Aytag et al.28 found that composite
resins with lower filler sizes showed lower surface roughness and color
change. Similarly, Moda et al.2? found that nanofill composites showed
lower surface roughness values than hybrid composites. In this study,

the higher filler particle size, lower filler volume, and resin matrix
structure of the smart chromatic composite resin specimens may have
led to higher surface roughness. The effectiveness of polishing
procedures is a critical factor in determining surface roughness. Studies
have reported that Twist Dia and Soflex spiral polishing discs, which are
current and effective polishing systems for polishing, increase the
success of composite resin restorations by decreasing the surface
roughness of the composite resin and increasing the surface
hardness.3031 According to the results of this study, the surface
roughness values of the O-S and E-S groups polished with the Soflex
spiral polishing disc were found to be higher than the other groups. The
reason for these results may be that the particle sizes of the Soflex
polishing spiral (46 - 36 um) are larger than the Twist Dia polishing spiral
(35 - 4 um). Gomleksiz et al.32in their study with Bulk Fill composites,
they found higher surface roughness in the groups polished with the
Soflex spiral disc than in the groups polished with Twist dia. Similarly,
Degirmenci et al.33 obtained high roughness values in the Soflex
polishing system group, depending on the composite type used in their
studies using different composite resin and polish systems. The results
of this study are consistent with similar studies in the literature. Based
on the results, our second null hypothesis, which states that "different
polishing systems and storage conditions have no effect on the surface
roughness of composite resin restorations," was partially rejected.

The present study aimed to investigate the color change and surface
roughness of composite resin restorations under different polishing
systems and storage conditions. While the results revealed significant
differences in color change and surface roughness between the
composite resins and polishing systems tested, there are also limitations
to the study. Firstly, the study was limited to a small number of
composite resins, and further research could benefit from the inclusion
of a wider range of composite resin types, such as microhybrid and
microfill. Secondly, the study focused on color change and surface
roughness as evaluation criteria; however, there are many other tests
and parameters that could be used to assess the physical and mechanical
properties of composite resins.?! Thirdly, although the solutions were
applied for a simulated period in an in vitro setting, further clinical
studies are necessary to evaluate the color change and surface
roughness of restorations under oral conditions. This study should be
considered as a pilot study and further researches are needed to confirm
the findings and to investigate the potential impact on clinical practice.

Despite the limitations of this study, the results indicate that storage
in orange juice and cola may affect the color change and increase the
surface roughness of smart chromatic composite resins and
methacrylate composite resins. These effects may be influenced by
factors such as the matrix structure of the composite resin, the filler
particle structure and amount, the chemical composition, and the
environment to which it is exposed. Clinicians should consider these
factors, including the patient's diet, the structural characteristics of the
applied composite resin, and the effectiveness of the polishing systems,
in their treatment protocols. Further studies involving a larger number
of composite resins and a broader range of parameters are needed to
fully understand the impact of these variables on the long-term clinical
success of composite resin restorations.

Etik Komite Onayi: Bu ¢alisma in vitro bir ¢alisma oldugundan etik kurul
onayina tabi degildir.

Hasta Onami: Bu ¢alisma in vitro bir ¢alisma oldugundan hasta onami
bulunmamaktadir.

Hakem Degerlendirmesi: Dis bagimsiz.
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Research Article Arastirma Makalesi
Evaluation the Effects of Different Silica
Coating Methods and Silane Types on the
Bond Strength Between Polyamide and
Polymethylmethacrylate

Farkli Silika Kaplama Yontemleri ve Silan Tiplerinin
Poliamid ve Polimetilmetakrilat Arasindaki Baglanma

Dayanimina Etkisinin Degerlendirilmesi
ABSTRACT

Objectives: The aim of this study is to evaluate the effect of different silica coating methods and silane
applications on the bond strength between polyamide and polymethylmethacrylate (PMMA).

Methods: Forty-five polyamide specimens were divided into two main groups based on the coating
method applied: sol-gel silica coating (S) and tribochemical silica coating (T). Each main group was further
divided into two subgroups based on the type of silane used: Bisco Porcelain Primer (BPP) and Clearfil
Primer Plus (CPP) (n=9). The control group (C) received no silica coating or silane application. PMMA was
then bonded to all specimens, and shear bond strength was evaluated.

Results: The highest shear bond strength was observed in group T with BPP application, while the lowest
value was recorded in group C. Statistically significant differences were found between S-T and T-C groups
(P<.05). Although BPP application in group T resulted in higher bond strength than CPP, the opposite trend
was observed in group S.

Conclusion: The shear bond strength between polyamide and PMMA can be enhanced by applying silane
after silica coating using either the tribochemical or sol-gel method.

Keywords: Polyamide, Polymethylmethacrylate, Silica

0z

Amag: Bu calismanin amaci, farkl silika kaplama yontemleri ve silan uygulamalarinin poliamid ile
polimetilmetakrilat (PMMA) arasindaki baglanma dayanimi Uzerindeki etkisini degerlendirmektir.
Yontemler: 45 poliamid 6rnegi uygulanacak kaplama yontemine (Sol-jel silika kaplama (S) ve tribokimyasal
silika kaplama (T)) gore iki ana gruba ayrilmistir. Her ana grup ise uygulanan farkli silan tiirlerine (Bisco
Porcelain Primer (BPP) ve Clearfil Primer Plus (CPP)) gore iki alt gruba ayrilmistir (n=9). Kontrol grubu (C)
icin ise herhangi bir silika kaplama veya silan uygulamasi yapilmamistir. Ardindan hazirlanan tim érneklere
PMMA baglanarak makaslama baglanma dayanimi degerlendirilmistir.

Bulgular: En yiiksek makaslama baglanma dayanimi grup T'de BPP uygulanan orneklerde bulunurken, en
disuk deger grup C'de gozlenmistir. Gruplar arasinda S-T ve T-C arasinda istatistiksel olarak anlamli fark
bulunmustur (P<,05). Grup T'de BPP uygulanan érneklerin makaslama baglanmadayanimi CPP uygulanan
orneklerden daha yiksek olmasina ragmen, bu durum grup S'te ters yodnde izlenmistir.
Sonug: Poliamid ile PMMA arasindaki makaslama baglanma dayanimi, tribokimyasal silika kaplama veya
sol-jel yontemiyle silika kaplama sonrasi silan uygulamasi ile artirilabilir.

Anahtar kelimeler: Poliamid, Polimetilmetakrilat, Silika.

INTRODUCTION

Dental treatments of the geriatric patients are generally aimed at the prosthetic rehabilitation of their
missing teeth with partial or complete dentures, for which many materials and manufacturing techniques
are used in the construction of these dentures.! Currently, patients demand that their prosthetic
restorations perform an excellent aesthetics in addition to good function.?2 Polyamide polymer denture
bases, also described as nylon, were used for the first time in 1950 and became one of the remarkable
denture base materials due to their advantages such as sufficient strength, high elasticity, no residual
monomer and aesthetic appearance.3’ In addition to the many advantages of polyamide-based
prostheses, the weak bond strength to autopolymerizing resins is one of the ongoing problems. 10 Denture
fractures may develop due to temporary and large force such as an accident or repetitive and small forces

CurrRes Dent Sci 2025;35(1): 48-53 / doi: 10.17567/currresdentsci.1617431



49

during chewing and in such cases, the repair of polyamide prostheses is
more difficult than polymethylmethacrylate dentures. Fixing a broken
tooth or clasp, repairing a denture fracture or relining a denture with
polyamide materials is difficult and expensive. Sometimes making a new
denture is a more appropriate approach than repairing the old one.®11
Unlike polymethylmethacrylate (PMMA), polyamide materials are
resistant to chemicals due to their dense crystalline content. Therefore,
it is difficult for polyamides to react and repair with chemical binders.
The bond strenght between polyamide and ohter materials can be
increased with some surface preparations.’2 While many surface
improvement methods have emerged and proven to be effective, in
order to provide compatibility and repair between conventional heat-
polymerizing resins and autopolymerizing resins, which are routinely
used in prosthetic treatments today, a few studies have aimed to
develop polyamide bases.®13 There is a need for scientific studies on
repair and strengthening of these prostheses, which have exhibiting
better features compared to traditional dentures, in order to avoid the
burden of time and cost by making them again in case of any failure. For
these reasons, it was decided to conduct such a study.

METHODS

Since the relevant study is a material research, there is no need for
an ethics committee decision. Table 1 shows the composition of the
materials used in this experiment. Table 2 shows the experimental and
control groups.

Table 1. Materials used in the study

Brand-Manufacturer

Deflex Nuxen S.R.L Buenos
Aries, Argentina
Autopolymerizing acrylic Polimetilmetakrilat Blau Cryl, Efes Dental

resin Bursa,Turkey

Silane coupling agent 3 Trimethyloxysyl Bisco Porcelain Primer, Bisco,
propyl-2 Methyl Schaumburg I, USA
propenoic acid

3Trimethyloxyylpropyl Clearfil-Primer, Kuraray,
methacrylate 10- Osaka, Japan

Material Chemical content
Polyamide base Poliamid

Silane coupling agent

Methacryloyloxydecyl
dihydrogen
phosphate
Silica-containing sand Silica and 30 um Cojet Sand, 3M ESPE, Seefeld,
Al203 Germany

Cylindrical tube with an
inner diameter of 17 mm,
anouter diameter of 25 mm
and

a height of 30 mm
Cylindrical tube with an
inner ring diameter of 4mm
and a height of 2mm

#100, #400, #600, #3800 and Silicone carbide
#1000grid size silicone
carbide abrasive papers

Waterproof silicon
carbide paper, UK

Table 2. Experimental and control groups in the study
Polyamide samples (n=45)
T:Tribochemical silica coating  S:Sol-gel silica coating group

C:Control group

group (n=18) (n=18) (n=9)

TC: Clearfil Primer Plus (CPP) group SC: Clearfil Primer Plus (CPP) No silica or silane
(n=9) group (n=9) coupling agent was
TB: Bisco Porcelain Primer (BPP) SB: Bisco Porcelain Primer (BPP) applied
group (n=9) group (n=9)

Preparation of polyamide samples

For use in the study, 45 disc-shaped polyamide samples with a
diameter of 10 mm and a thickness of 2 mm were manufactured from
injection molded thermoplastic polyamide resin (Deflex, Nuxen SRL,

Argentina). The formed polyamide samples were fixed in previously
prepared plastic pipes (Inner diameter of 12 mm, outer diameter of 24
mm and a height of 30 mm. cylinder shaped) with the help of autopoly-
merizing acrylic (BLAU CRYL, Efes Dental, BURSA). Fixed samples were
polished under water using #100, #400, #600, #800 and #1000 grid size
silicone carbide abrasive papers. The prepared samples were kept in an
ultrasonic cleaner (VEVOR, China) for 10 minutes at 25°C. The samples
were removed from the ultrasonic cleaner and dried with air.

Dividing the samples into groups according to the surface
treatment to be applied

The samples were divided into two main groups (n=18) to apply sol-
gel silica coating (S) and tribochemical silica coating (T) treatment, and
each main group was divided into two subgroups (n=9) to apply
different silane material. No silica coating or silane application was
applied for the control group (C).

Silica coated group with sol-gel (S)

Sol solution was prepared by acid-catalyzed hydrolysis of
tetraethylorthosilicate (TEOS). TEOS was dissolved in ethanol and
deionized water, then acetic acid was added until a molar ratio of 1
TEOS: 30 ethanol: 5 water: 2 acetic acid was reached. This reaction
mixture was stirred continuously for 2 hours until a clear and
homogeneous solution was obtained and finally the solution was aged
at 20 to 25°C for 24 hours. The samples were immersed in this prepared
TEOS sol and UV irradiation was carried out under O2 environment and
approximately 1 cm below the light source for 30 min. TEOS coated
samples were divided into two subgroups (n=9) and silane coupling
agent with different chemical content was applied to each subgroup. 1st
group (SB): 3-(Trimethoxysilyl) propyl-2-Methyl-2-Propenoic Acid
containing silane (Bisco Porcelain Primer, Bisco, Shaumburg I, USA), 2nd
group (SC): 3-trimethoxysilylpropyl methacrylate, 10-Methacry-
loyloxydecyl dihydrogen phosphatic silane (Clearfil-Primer, Kuraray,
Osaka, Japan) was applied.

Tribochemical silica coated group (T)

The samples in this group (n=18) were sandblasted by containing
silica and 30 um AI203 particles (Cojet Sand, 3M ESPE, Seefeld,
Germany) at 4.2 psi pressure from 10 mm. Distance for 15 s with an
intraoral blasting device (Prophy-neo Partner, Liang ya Dental, China).
Sandblasted samples were divided into two subgroups (n=9) and a
different silane coupling agent was applied to each subgroup. 1st group
(TB): 3-(Trimethoxysilyl) propyl-2-Methyl-2- Propenoic Acid containing
silane (Bisco Porcelain Primer, Bisco, Shaumburg I, USA), 2nd group (TC):
3-trimethoxysilylpropyl methacrylate, 10-Methacryloyloxydecyl
dihydrogen phosphatic silane (Clearfil-Primer, Kuraray, Osaka, Japan)
was applied.

Connecting polyamide and autopolymerizing resin

A cylindrical tube with an inner circle diameter of 4 mm and height
of 2 mm will be placed in the center of the polyamide discs for the
standard application of autopolymerizing acrylic and this tube will be
expected to be polymerized by placing autopolymerizing acrylic with a
brush inside. After polymerization, the pipe around the autopolymerized
acrylic was cut vertically with the help of a scalpel and removed
precisely.

Thermal cycle application

All of the samples (n=45) were kept in an automatic thermal cycle
device (Mod Dental, Ankara, Turkey) for 20 seconds at each temperature
(5-55°C) and for 5 seconds between two temperatures for 1000 cycles.
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Measuring shear bond strength

Acrylic molds are fixed to the test device in such a way that they do
not move and the breaking apparatus comes into contact with the
polyamide discs and the autopolymerizing acrylic junction at a right
angle. Shear tests were performed with a 0.5 mm/min approach speed
using a universal test device (Mod dental, Ankara, Turkey) and the test
was monitored as tension and percent elongation graphs on the
computer screen. The test was stopped automatically when separation
occurred and the results were calculated by the computer in MPa.

Statistical analysis

In the statistical analysis of the study SPSS V25. (IBM SPSS Corp.,
Armonk, NY, USA) package program was used. Descriptive statistics of
categorical variables in the study; descriptive statistics for frequency and
percentage and continuous variables; are given with mean, standard
deviation, median, minimum and maximum values. The conformity of
continuous variables to the normal distribution was examined using the
Shapiro Wilk test. The Oneway Anova Test was used to compare
groupings with more than two options with normal distribution. In the
3-group comparisons of continuous variables that do not show normal
distribution; Kruskal Wallis test and Mann-Whitney U tests were used in
comparison of two groups. Relationships between continuous variables
were examined by Spearman correlation analysis. In all statistical
comparisons in the study, comparisons with a p value below 0.05 were
considered statistically significant.

RESULTS

The results of the shear bond test for the main and subgroups are
shown in Figure 1 and 2, respectively. The results of the Kruskal Wallis
test performed to compare the main groups are given in the Table 2.
According to the analysis results, there was a statistically significant
difference between the main groups (P<.05). Bonferroni Corrected
Mann Whitney test results show that there was a statistically significant
difference between groups S-T and T-C. Shear bond values of the
subgroups are given in Table 3, according to the table, the highest bond
strength was found in group TB and the lowest bond strength is in
control group. The results of the Kruskal Wallis test performed to
compare the average shear bond strengths of the subgroups are given
in Table 4. According to the analysis results, there was a statistically
significant difference between the groups. Bonferroni Corrected Mann
Whitney test results show that the difference between the SB group and
the TB group and the difference between the TB and C groups were
statistically significant. Mann Whitney test results are given in table 5 in
order to compare all groups directly with each other. According to the
results of the analysis, there were statistically significant differences
between SC-TB, SB-TC, SB- TB, TC-C and TB-C.

MPa
32

S T c

Figune 1. Mean shear bond values of main groups

MPa

35
30
26
22
I 17
sc SB Tc B &
Figure 2. Mean shear bond values of subgroups

Table 3. Comparison of shear bonding values of main groups with Mann-Whitney
U test with Bonferroni Correction

Min Max X ss Median X2 P Differnce
S 0.45 7.39 2.43 1.45 2.22
T 1.98 4.50 3.27 0.70 3.22 15.359 <.01 T-C,S-T

C 0.55 3.84 1.74 111 1.08

*Statistical significance
S: Silica-coated group with sol-gel, T: Tribochemical silica-coated group, C: Control group

Table 4. Comparison of shear bonding values of main groups with Mann-Whitney
U test with Bonferroni Correction

Min Max X ss Median X2 P Differnce
sC 0.45 7.39 2.66 1.94 2.17
SB 0.58 3.01 2.20 0.77 2.33
TC 1.98 4.50 3.04 0.74 3.09 16.262 <.01* SB-TB, TB-C
B 2.72 431 3.50 0.60 3.62
C 0.55 3.84 1.74 111 1.08

*Statistical significance

SB: Group coated with silica by sol-gel method followed by Bisco Porcelain Primer, SC: Group
coated with silica by sol-gel method followed by Clearfil-Primer, TB: Group with tribochemical
silica coating followed by Bisco Porcelain Primer, TC: Group with tribochemical silica coating
followed by Clearfil-Primer, C: Control group, Min: Minimum, Max: Maximum, SD: Standard
deviation

Table 5. Direct comparison of the mean shear bonding values of all subgroups
with each other

Mann-
Min  Max X ss Median Whitney U Test

(P <.05)

SC 045 739 266 194 2.17 SC-TB

S8 058 301 220 077 2.33 SB-TC

TC 198 450 304  0.74 3.09 SB-TB

TB 272 431 3.50 0.60 3.62 1;2

C 055 384 174 111 1.08

SB: Group coated with silica by sol-gel method followed by Bisco Porcelain Primer, SC: Group
coated with silica by sol-gel method followed by Clearfil-Primer, TB: Group with tribochemical
silica coating followed by Bisco Porcelain Primer, TC: Group with tribochemical silica coating
followed by Clearfil-Primer, C: Control group, Min: Minimum, Max: Maximum, SD: Standard
deviation

DISCUSSION

This study was conducted to repair polyamide-based prostheses,
which are superior to PMMA prostheses in terms of aesthetics,
biocompatibility, and mechanical properties. While PMMA-based
prostheses applied today have an acceptable repair application with fast
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and inexpensive methods when they fail mechanically for several
reasons, this is not the case for polyamide prostheses. This is because
polyamide-based dentures resist chemical substances due to their dense
crystalline content.1?

PMMA-based materials are applied with increasing interest in
prosthetic treatments due to their simple manipulation technique, low
toxicity, low water absorption and solubility, repairability and aesthetic
appearance.” In addition to these advantages, dentures have
disadvantages, such as insufficient surface hardness, weak brittleness,
and low fracture toughness.!’®> To repair the PMMA dentures, heat-
polymerized, auto polymerized or light-polymerized acrylic resins can be
used.’® The prosthesis is exposed to repetitive bending due to the
chewing function in the mouth, and cracks or fractures may occur in the
denture base due to fatigue developed. To reduce this, dentures must
have high bending strength and resistance.l’ Polyamide-based dentures
have high flexibility capacity and high impact strength, but when some
mechanical problems develop in polyamide dentures, repairing these
prostheses is more complicated than PMMA .6.18

Silica, found in two main types crystalline and amorphous, is the final
product formed by the polymerisation of silicon dioxide monomers.1°
There are various silica coating methods, such as tribochemical silica
coating or silica coating with sol-gel, to increase the bonding of dental
materials. Studies show that the silica-containing layer increases the
reactivity of the polyamide material without impairing its mechanical
properties.’320 Tribochemical silica coating, a chemical bonding method
with mechanical energy, is frequently used in the laboratory or clinic to
provide the surface roughness of dental materials. In this method, silica-
coated Al,O3 particles with an average particle size of 30 or 110 pm are
used for 15 seconds at a pressure of 280 kPa (2.8 bar) and from a
distance of 10 mm. With the high heat energy generated, a rough area
up to 15 um in size occurs within the material. The next step after
roughening is silanisation. The aim is to form a thin layer of silica-
containing enough free hydroxyl groups to bond with the resin. To
increase the bond of the roughened area with the resin, a silica layer
containing free hydroxyl groups should be formed; for this purpose,
silanisation should be provided after the tribochemical silica coating
process.?122 Tetra alkoxysilane sol-gel polymerisation is a method used
to synthesise amorphous silica gel that transforms into monolithic silica
glass under hypercritical conditions.3 In the literature, there are studies
in which silica coating was applied to the polyamide surface by
tribochemical or sol-gel method to increase the bond strength between
polyamide and PMMA. In their study, Kumbuloglu et al. 22 concluded that
the tribochemical silica coating applied to the surface of polyamide
samples increased the bonding with autopolymerizing PMMA.
Hamanaka et al.2* in their study on the adhesion strength of
autopolymerizing acrylic and injection moulded thermoplastic denture
bases, concluded that the best surface improvement method was
tribochemical silica coating and 4-META/MMA-TBB application. In their
study, Hafezeqoran and Koodaryan reported that the repair strength
between autopolymerizing acrylic and polyamide increased with the
application of aminofunctional silica coating.? Although such studies are
in the literature, studies comparing different silica coating methods or
different silane types applied after silica coating have not been found. In
this study, polyamide samples were divided into two main groups,
tribochemical silica coating and sol-gel silica coating, and each main
group was divided into two subgroups according to the type of silane to
be applied to it. In the literature, autopolymerizing PMMA was used in a
study on the transverse strength of polyamide-based prostheses and
another study on the repair of polyamides.2>26

Autopolymerizing PMMA resin, used in repairing dental prostheses,
was also used in our study. The thermal cycle process applies thermal
changes in the intraoral region under in-vitro conditions.?’ ISO TR 11450
(1994) standards state that the thermal cycle applied with 500 cycles in
water tanks with a temperature of 5-55 °C is appropriate; sometimes,
this cycle number is not enough. To imitate the temperature in the oral
environment, the polyamide specimens with autopolymerizing acrylic
bonding were kept for 20 seconds at each temperature and 5 seconds
between two temperatures (5-55 °C) for 1000 cycles by the literature.

The shear test, frequently used to measure the bond strength, is an
in-vitro test method created by applying a force to the joint area at a
speed of 0.5mm/min until the joint is separated between two bonded
materials. The shear bond value is found by dividing the maximum force
applied by the joint area.2830 The samples in which the thermal cycle
process was completed were subjected to a shear bond strength test in
the universal testing device as stated in the literature. The group with
the lowest shear bond strength was found to be C, while the highest
value belonged to the TB group. The reason for the lowest value in group
C is that PMMA is attached to the surface of the polyamide samples
without any surface preparation. Some surface treatments should be
applied to polyamides, which are resistant to chemical substances due
to their dense crystalline content, to increase their bond with other
materials.}? Another reason for the low shear bond value seen here is
that PMMA and polyamide are polymers with different chemical
contents. In the TB group treated with Bisco silane after tribochemical
silica coating, the average shear bond value was 3.49 MPa. Hamanaka et
al. 24 in their study in which they examined the bond strength between
polyamide and autopolymerizing PMMA, applied ESPE Sil silane and 4-
META/MMA-TBB to the samples after tribochemical silica coating and
reported the average shear bonding value as 16.44 Mpa. The mean shear
bond value was 13.41 MPa in the group where only tribochemical silica
and ESPE silane were applied. These values are well above the highest
shear bond value we found in our study, and this difference is thought
to be due to the use of ESPE-Sil silane and 4-META/MMA-TBB-based
resin cement after tribochemical silica coating. In the same study, the
average shear bond value was found to be 0.44 MPa in the group that
did not undergo any surface treatment; this value was 1.73 MPa on
average in group C in our study, which did not undergo any surface
treatment, and the values were more compatible with each other. In
another study evaluating the bond strength between autopolymerized
resin and polyamide base, the average shear bond strength of polyamide
samples applied ESPE-Sil silane after tribochemical silica coating was
13.18 MPa.8 This value was much higher than the average values found
in our study; in this case, the reason might be the ESPE-Sil silane
application. Kumbuloglu et al.2 evaluated the bond strength of
polyamide samples, on which ESPE-Sil silane applied to tribochemical
silica coated samples, with two different autopolymerizing resins, found
the bond strength value of the autopolymerizing resin in one group was
4.99MPa. In contrast, the bond strength in the other group was 3.27
MPa. In our study, in the TB group treated with Bisco silane after
tribochemical silica coating, the average shear bond value was found to
be 3.49 MPa. In comparison, the same value was found as 3.03 MPa in
the group treated with Clearfil silane, and the values found agree with
the results reported by Kumbuloglu et al.22 When the literature is
examined, reports state that applying tribochemical or sol-gel silica
coating increases the bond strength between polyamide and
autopolymerizing PMMA.13.2324 As a result of the study, shear bond
values between autopolymerizing PMMA and polyamide samples
coated with silica by tribochemical or sol-gel were higher than the
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control group without any surface treatment. It is reported in the
literature that the homogeneity and purity of sol-gel-derived silica film
are comparable or even superior to surface coatings obtained by other
methods. Hafezeqoran and Koodaryan, in their research to improve the
adhesion of polyamides with autopolymerized resins, formed a double
layer silica layer with aminosilane and tetraethylorthosilicate (TEOS) on
polyamide surfaces by sol-gel method. As a result of the study, they
found that the mean shear strength value of double-layer silica-coated
polyamide bases with autopolymerized resin was 20.86 MPa.13 In our
study, the mean shear bond values of the silica-coated sol-gel groups
were 2.20MPa for the SB group and 2.66MPa for the SC group. It can be
thought that this situation is caused by the formation of a single-layer
silica surface instead of two layers in our study and the chemical
differences in the autopolymerizing resins used.

The silane forms a chemical bond with the silica-coated surface.??
Silane application after silica coating improves the bond strength
between non-silica-based and various materials.20 In a study evaluating
the bond strength of silica-coated titanium surfaces with adhesive
cement, a total of five different silane groups were studied, and the
group in which the Bisco porcelain primer was applied was one of the
groups that showed the best bond strength.3! In another study
examining the bond strength of composite resins with zirconium and
titanium, it was concluded that applying Clearfil Ceramic Primer on
titanium and zirconium samples increased the bond strength with the
composite.32 In the study, silica-coated samples with either the
tribochemical method or the sol-gel method were divided into different
subgroups, and silane coupling agents with different chemical contents
(Bisco Porcelain Primer and Clearfil-Primer), which were proven to have
a positive effect on the bond strength of dental materials, were applied
to each subgroup. In the tribochemical sandblasting group, the shear
bond value of the TB subgroup was higher than the TC subgroup. In the
sol-gel coating group, the shear bond value of the SC subgroup was
higher than the SB subgroup, but the difference between them was not
statistically significant. Htami et al.33 in their study examining the bond
strength between composite and zirconia, concluded that Bisco and
Clearfil had a similar effect on bond strength.

Within the limitations of this study, the following conclusions and
recommendations can be reached;

1. The bond strength between polyamide and
polymethylmethacrylate can be increased by surface treatments.

2. The shear bond value between polyamide and
polymethylmethacrylate was increased by tribochemical silica
coating or silica coating with sol-gel followed by silane application.

3. Tribochemical silica coating and silane-applied polyamide samples
were found to have higher shear bond strength with PMMA than
sol-gel silica-coated, and silane-applied samples.

4.  Although the shear bonding value of BPP-applied samples in group
T was higher than the applied samples, this situation was opposite
in group S.

5. In future studies, the bond strength between polyamide and
polymethylmethacrylate can be evaluated with different silanes
applied after different surface coating techniques.
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Research Article Arastirma Makalesi

Effect of Gastric Acid on the Surface

Properties of Different Composite Resin
Restorative Materials: Scanning Electron

Microscope (SEM) Evaluation

Gastrik Asitin Farkli Kompozit Rezin Restoratif
Materyallerin Yiizey Ozelliklerine Etkisi: Taramali Elektron
Mikroskobu (SEM) Degerlendirmesi

ABSTRACT

Objective: The aim of this study was to evaluate the effect of gastric acid on different resin-based composites
with surface microhardness, surface roughness and scanning electron microscopy (SEM).

Methods: Three different composite resin restorative materials (Clearfil Majesty ES-2{Kuraray, Tokyo,
Japan}, Beautifil Il {Shofu, Ratingen, Germany}, Group Beautifil Il LS {Shofu, Ratingen, Germany}) were used.
Vickers microhardness and surface roughness measurements were evaluated at baseline, after 7 and 14
days of soaking in gastric acid. SEM images were obtained to examine the effects of gastric acid on the
surface properties of the composites.

Results: When the difference in the microhardness values of the composite resins was compared, the time-
dependent change in all composites was found to be statistically significant. The most surface roughness
and hardness changes occurred in Beautifil Il group (P:0.000; P<.05). According to SEM images, Beautifil Il
group was most affected by gastric acid, while Clearfil Majesty group was least affected.

Conclusion: In vitro conditions gastric acid increased the surface roughness of different composites while
decreasing their microhardness. As a result, if these restorative materials are to be preferred in patients
with reflux, they should be checked frequently. In the presence of an uncontrollable situation, the use of
these restorative materials can be limited.

Keywords: Gastric acid, microhardness, surface roughness, SEM

0z

Amag: Bu calismanin amaci, farkh rezin esasli kompozitlerin lzerine gastrik asitin etkisinin ylzey
mikrosertligi, ylzey purtzlUltigi ve taramali elektron mikroskobu (SEM) ile degerlendirmektir.

Yontemler: Ug farkli kompozit rezin restoratif materyal (Clearfil Majesty ES-2{Kuraray, Tokyo, Japonya},
Beautifil Il {Shofu, Ratingen, Almanya}, Group Beautifil Il LS {Shofu, Ratingen, Almanya}) kullaniimistir.
Vickers mikrosertligi ve yuzey plrtzlGligh 6lgtimleri baslangigta, gastrik asitde 7 ve 14 giin bekletildikten
sonra degerlendirilmistir. Kompozitlerin ylzey 6zelliklerindeki gastrik asitin etkilerini incelemek igin SEM
goriuntileri elde edildi.

Bulgular: Kompozit rezinlerin mikrosertlik degerlerindeki fark karsilastirildiginda, tim kompozitlerde
zamana bagl degisim istatistiksel olarak anlamli bulunmustur. En ¢ok ylzey pirizIGlugu ve sertlik degisimi
Beautifil Il grubunda gergeklesmistir (P:,000; P <,05). SEM goruntilerine gore Beautifil Il grubu gastrik asitten
en ¢ok etkilenen grup iken, Clearfil Majesty grubu en az etkilenmistir.

Sonug: in vitro kosullarda gastrik asit, farkli kompozitlerin yiizey puriizliligini arttirirken mikrosertligini
azaltmistir. Bu verilere gore; reflii hastalarinda bu restoratif materyaller tercih edilecekse siklikla kontrol
edilmelidir. Kontrol edilemeyen bir durumun varliginda bu restoratif materyallerin kullanimi
sinirlandirilabilir.

Anahtar Kelimeler: Gastrik asit, mikrosertlik, ylzey purizIulGgl, SEM

INTRODUCTION

Dental erosion (DE) is the chemically irreversible loss of enamel and cement without bacteria.! Dental
erosion is one of the important issues in dentistry, due to its high prevalence affecting 30% to 50% of primary
teeth and 20% to 45% of permanent teeth.2 DE can be etiologically 'external' and 'internal'. External
etiological causes; Some medications such as food intake, chewable vitamin C tablets, antidepressants,
asthma medications, and acid action through occupational factors.? A lifestyle with a more fruit-containing
diet, increased intake of sports drinks and especially fruit juices are among the major exogenous causes of
DE today.* Internal causes include recurrent vomiting and eating disorders, and gastroesophageal reflux
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disease, which is defined as acidic stomach contents reaching the oral
cavity.® In a study, it was determined that DE is 8.5 times more common
in individuals with eating disorders.6 Gastroesophageal reflux disease is
defined as decreased involuntary muscle relaxation of the esophageal
sphincter, which causes stomach acid to travel up the esophagus and
into the oral cavity. Continuous return of stomach contents to the
oropharynx is one of the risk factors for DE.”

Because of DE, tooth abrasions, sensitivity due to the exposure of
the dentin surface owing to abrasion, loss of dental aesthetics and
function may be encountered. Tooth surfaces exposed to DE may appear
thinner, smoother, brighter and more yellow in color. At the same time,
pits may form due to abrasion on the cutting edges and occlusal
tubercles.® Composite resin restorations age and have degradation due
to intermittent or continuous exposure to various chemicals in the oral
cavity.? Guler et al.1® Reported that solutions with various pH (Cola,
Orange juice, Kefir, Artifical gastric acid and Artifical saliva) affected the
surface features of different composite materials.

Today, the demand for composite resins and indirect ceramics has
increased due to the increase in aesthetic expectations. Composite resin
restorative materials are preferred due to their tooth color, aesthetics
and good mechanical properties. Nanohybrid composite resin
restorative materials have the lowest organic matrix content, a larger
percentage of filler content, and show less polymerization shrinkage.?

The content of giomers, which are fluorine-releasing restorative
materials, is different from conventional composite resin restorative
materials. The combination of composites and glass ionomers where the
acid-base reaction takes place is called giomer.1?2 In addition to their
appropriate aesthetics, they are preferred for their easy polishing and
fluoride charging potential. At the same time, these materials have
antibacterial effects due to fluoride release.3

Restorations made with resin-containing materials may fail in the
long and short term for various reasons.12 The presence of gastric acid in
the oral cavity in individuals with reflux may cause various effects on the
surface and mechanical properties of resin-containing materials. Studies
on this subject are limited!% 4and more research is required. The aim of
this study was to evaluate the effect of gastric acid on the surface
roughness and microhardness of different resin-based materials.

The first null hypothesis is that the surface microhardness values of
composite and giomers do not change with exposure to gastric acid
simulation. The second null hypothesis is that the roughness values of
composite material and giomers do not change with exposure to gastric
acid simulation. Finally, the third null hypothesis is that there is a
correlation between exposure to gastric acid simulation and surface
microhardness and roughness values of two distinct giomers.

METHODS

Ethics committee approval was not obtained as human or animal
sources were not used in this study.

Since human resources were not used in this study, informed consent
was not obtained.

Preparation of Composite Resin Specimens

In this study, the effect of gastric acid on three distinct composite
resin restorative materials with different filler ratio and monomer
structure was investigated. The technical properties of the composite
materials evaluated in the study are shown in Table 1.

Table 1. Contents of composite resins used in the study

Material Manufacturer Composition/ Particle Size Filling Ratio Lot
(%wt-%vol) Number
CLEARFIL Kuraray Bis-GMA, Silane barium 78%- 40% 320084
MAJESTY Medical Inc., glass filler, 0.37-1.5um
ES-2 Okayama, (%Wt)
Japan
BEAUTIFIL Shofu Inc., Bis-GMA, TEGDMA, S-PRG, 83.3%-69% 61938

Fluoroboroaluminosilicate
glass, 0.8 um (%Wt)
Bis-GMA, TEGDMA, S-PRG 83%-68% 11925

1} Kyoto, Japan

BEAUTIFIL Shofu Inc.,
1I-LS Kyoto, Japan

Bis-GMA: Bisphenol A-Glycidyl Methacrylate; TEGDMA: Triethylene glycol dimethacrylate; S-
PRG: Surface pre-reacted glass-ionomer

In the preparation of the composite resin specimens, plexiglass
molds with a 5 mm diameter and a 2 mm depth were used. While the
composite resin specimens were being prepared, restorative materials
were placed in the molds, first the transparent band and then the glass
surfaces were positioned with light pressure on both surfaces and
polymerized with a LED light curing unit (D-Light Pro, GC, Tokyo, Japan)
with a light intensity of 1,200 mW/cm? in accordance with the
manufacturer's recommendations. The composite resin specimens were
finished and polished with polishing discs in order from coarse to fine
grained (Super-Snap, Shofu Inc., Kyoto, Japan). After each disc
application, it was washed for 10 seconds and dried with light air for 5
seconds.

Gastric Acid Cycle

The composite resin specimens obtained from composite resin
restorative materials were treated for 18 hours in gastric acid solution
and 6 hours in deionized water for 14 days. The composite resin
specimens kept in gastric acid were washed with distilled water at the
end of 18 hours and left in deionized water. The gastric acid solution
content was prepared fresh every day in Gazi University Faculty of
Dentistry, with Hydrochloric acid (HCI) 0.06 M (Aklar Kimya, Ankara,
Turkey) 0.113% deionized water solution and pH 1.21°, It was stored for
14 days at 37°Cin 100% humidity.

24 hours after preparation of composite resin specimens from
composite resin restorative materials, 7. and measurements were made
on the 14th day. Measurements were made after the composite resin
specimens were washed with distilled water and dried with air-water

spray.

Measurement of Surface Hardness

Microhardness values of composite resin specimens were measured
with a digital surface microhardness device (HMV-700 Microhardness
Tester, Shimadzu, Japan) with Vickers surface hardness test under
490pN load for 15 seconds. Three different measurements were made
from different parts of each 24 hours after preparation of composite
resin specimens from composite resin restorative materials, and the
average value was calculated.

Measurement of Roughness

An area of 100*100 um? was determined with the surface roughness
meter (Surftest SJ-301-Mitutoyo, lllinois, USA) and a 0.25 mm line scan
was performed across the surface of the composite resin specimens. The
profilometer was calibrated with 0.25 mm cut off, 1.25 mm reading
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length and 0.5 mm/s speed, and the average surface profile was
evaluated accordingly. After the preparation of composite resin samples
from composite resin restorative materials, three different
measurements were made from different parts every 24 hours and the
average value was calculated.

The evaluation of Scanning Electron Microscope (SEM) images

SEM images were taken from the composite resin specimens
prepared from each group at baseline, 7th and 14th days. The composite
resin specimens were gold plated (Leica EM ACE 200, Leica
Microsystems, Danaher Corporation, Washington DC, USA) and
evaluated by SEM (Hitachi SUS000 FE-SEM,). The entire surface of these
composite resin specimens was scanned and photographs were
obtained at 10,000x magnification from the areas showing surface
structure changes.

Statistical Assessment

These study data were evaluated using the IBM SPSS Statistics 22
program. The compatibility of the data with normal distribution was
determined by Kolmogorov-Smirnov and Shapiro Wilks tests. While
evaluating the study data, the One Way Anova test was used to compare
the data between groups, and the Tukey HDS test was used to determine
which group the difference originated from. Analysis of variance in
repeated measurements and Bonferroni test as post hoc test were used
to compare the data within the group. Significance was evaluated at the
p>.05 level.

RESULTS

Evaluation of Surface Roughness

When the initial roughness levels were evaluated, the post hoc
Tukey HSD test was used to determine which group caused the
statistically significant difference between the groups. While the initial
roughness of the Clearfil Majesty ES-2 composite group was significantly
lower than the Beautiful Il and Beautiful Il LS groups (P<.05), there was
no statistically significant difference between the Beautiful Il and
Beautiful Il LS groups (p>.05) (Table 2).

Table 2. Evaluation of surface roughness (Ra)

Surface Roughness (Ra) Initial Day 7 Day 14
Composite Resins

Clearfil Majesty ES-2 (MeantSD)  0.05+0.01®  0.27£0.07°  0.35£0.09°
Beautiful Il (MeanSD) 0,09£0.02°  0.33+0.11°  0.64+0.11°
Beautiful Il LS(MeanSD) 0.08£0.02°  0.31+0.10°  0.55+0.12°
p 0.000* 0.320 0.000*

10neway ANOVA posthoc Bonferroni Test *P<.05
abDifferent letters in the lines indicate the difference between groups.

When the surface roughness levels were evaluated on the 7th day,
there was no statistically significant difference between the groups (P:
.032).

When the 14th day roughness levels were evaluated, a statistically
significant difference was found between the groups (P<.05) and the
14th day surface roughness of the Clearfil group was found to be
significantly lower than the Beautiful Il and Beautiful Il LS groups (P<.05).
There was no statistically significant difference between Beautiful Il and
Beautiful Il LS groups in terms of roughness on day 14 (P>.05).

In the Clearfil Majesty group; Statistically significant difference was
found when baseline, 7th day and 14th day surface roughness levels
were evaluated (P<.05). The increases observed on the 7th and 14th
days according to the initial surface roughness were statistically
significant (P<.05). The increase in the roughness of the 14th day
compared to the 7th day was also statistically significant (P<.05).

In the group Beautiful Il; There was a statistically significant
difference between the surface roughness levels at baseline, 7th day and
14th day (P<.05). The increases observed on the 7th and 14th days
according to the initial surface roughness were statistically significant
(P<.05). The increase in the roughness of the 14th day compared to the
7th day was also statistically significant (P<.05).

Beautiful Il LS group; There was a statistically significant difference
between the surface roughness levels at baseline, 7th day and 14th day
(P<.05). The increases observed on the 7th and 14th days according to
the initial surface roughness were statistically significant (P<.05). The
increase in the roughness of the 14th day compared to the 7th day was
also statistically significant (P<.05).

Evaluation of Surface Hardness

When the initial surface hardness levels were evaluated, the post
hoc Tukey HSD test was used to determine which group caused the
statistically significant difference between the groups. The initial surface
hardness of the Clearfil Majesty ES-2 composite group was significantly
higher than the Beautiful Il and Beautiful Il LS groups (P<.05). There was
no statistically significant difference between the Beautiful Il and
Beautiful Il LS groups in terms of initial surface hardness (P>.05).

While the 7th day hardness values of the Clearfil Majesty ES-2
composite group were found to be significantly higher than the Beautiful
Il and Beautiful Il LS groups (P<.05), there was no statistically significant
difference between the Beautiful Il and Beautiful Il LS groups in terms of
the 7th day surface hardness values (P>.05).

The 14th day hardness values of the Clearfil Majesty ES-2 composite
group were significantly higher than the Beautiful Il and Beautiful Il LS
groups (P<.05). There was no statistically significant difference between
Beautiful Il and Beautiful Il LS groups in terms of surface hardness values
on day 14 (P>.05).

In all three groups; Statistically significant difference was found
between initial, 7th day and 14th day surface hardness values (P<.05).
While the decreases observed in the 7th and 14th days compared to the
initial surface hardness were statistically significant, the decrease in the
14th day surface hardness compared to the 7th day was also statistically
significant (P<.05).

Scanning Electron Microscope (SEM) Investigations

SEM images were obtained at 10,000x (Figure 1) magnification from
the composite resin specimens obtained as a result of initial, 7th and
14th day gastric acid exposure of all groups in the study. For all groups;
When the surface examinations were examined on the 7th day (Figure
1-B/E/H) in SEM imaging, it was observed that the surface roughness
increased compared to the baseline (Figure 1-A/D/G) and pits were
formed. Likewise, similar results were seen at day 14 (Figure 1-C/F/l).
According to SEM data, Beautifil Il group (Figure 1-E/F) was most
affected by gastric acid, while Clearfil Majesty ES-2 group (Figure 1-B/C)
was least affected.
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Table 3. Evaluation of surface hardness (kg/mm?)

Surface Hardness (kg/mm?) Initial Day 7 Day 14
Composite Resins

Clearfil Majesty ES-2 102.6+6.372 95.92+6.17° 92.5045.332
(Mean#SD)

Beautiful Il (MeantSD) 73.88+2.91° 56.52+2.16° 33.25+4.73b
Beautiful Il LS(MeanSD) 71.65+4.18° 59.71+4.14> 36.03+7.09°

p 0.000* 0.000* 0.000*
10neway ANOVA posthoc Bonferroni Test  *P<.05
abDifferent letters in the lines indicate the difference between groups.

Clearfil Majesty ES-2

Beautifil IT

Beautifil I LS

Figure 1. SEM images at 10,000x magnification; (A): Clearfil Majesty ES-
2 initial SEM image (B): Clearfil Majesty ES-2 day 7 SEM image (C): Clearfil
Majesty ES-2 day 14 SEM image (D): Beautifil Il initial SEM image (E):
Beautifil Il day 7 SEM image (F): Beautifil Il day 14 SEM image (G):
Beautifil 1l LS initial SEM image (H): Beautifil Il LS day 7 SEM image (l):
Beautifil Il LS 14th day SEM image

DISCUSSION

When the prevalence of dental erosion resulting in loss of dental
hard tissues is examined, gastroesophageal reflux disease (GERD) is seen
in 17 percent of patients (range 21-83%).1> According to studies, 40
percent of the adult population has been reported to have GERD
symptoms at some point in their lives.” Clinical symptoms may occur as
a result of demineralization of dental hard tissues as a result of diseases
such as GERD and repeated exposure of the oral cavity to gastric acid.1®
The aim of this study is to examine the effect of pH change, which causes
damage to dental hard tissues, on dental restorative materials.

In this study, the effect of a nanohybrid composite resin restorative
material and two giomers, claimed to exhibit low polymerization
shrinkage (Beautifil Il LS), on the roughness and surface microhardness
of the materials in a time span of 13 years of gastric acid were tested.
Measurements were made at baseline (T0), after 7 days (T1), and after
14 days (T2). SEM images were taken from composite resin specimens
at TO, T1 and T2 stages. Exposure to low pH caused a statistically
significant increase in roughness and hardness in all three groups. Based
on the data obtained from this study, the first and second null
hypotheses were rejected. Surface hardness and roughness increased
after gastric acid cycle in all three materials compared to baseline. The
last null hypothesis that there is a correlation between exposure to
gastric acid simulation and microhardness and surface roughness values
of two different giomers was also rejected. There is a difference in

microhardness and surface roughness values between the two giomers.
Changes in all these surface properties can be supported by SEM images.

Different immersion times have been planned in studies examining
the effect of different acidity liquids on the mechanical and physical
properties of dental restorative materials. Different immersion periods
were used in some studies ranging from 1 day to 1 month7-19, and in
some studies from 1 month to 1 year.2923 There are studies in the
literature reporting that the 14-day test period simulates the intraoral
environment of approximately 13 years to evaluate the effect of various
beverages on dental restorations.1%22 |n this study; a 7-day and 14-day
immersion period (18 hours per day in gastric acid and 6 hours in distilled
water) was planned to achieve a reasonable immersion time
representative of the intraoral environment.!* Since the tested
composite resin specimens were not exposed to a mechanical force
factor, the changes in surface hardness and roughness, which were also
observed in SEM images, were caused by a chemical reaction or
dissolution that developed depending on the Ph level of gastric acid.

The most commonly used microhardness tests in dentistry in the
literatlire are the Knoop and Vickers microhardness tests. Vickers
hardness test, which is also accepted as an indicator of the degree of
polymerization of composite resin restorative materials, is widely used
in the literature.?* 25 In this study, Vickers microhardness test was
preferred. The Vickers microhardness value reflects the resistance of
materials to deformation and wear resistance.?6 There are several
factors that can affect the hardness of resin-containing restorative
materials. The filler size, filler content and resin monomer type are
considered within these factors.?’” Surface roughness is generally
associated with filler size in restorative materials.28 2% In the literature, it
has been observed that smoother surfaces are obtained in materials
with smaller filler size.2% 30

Clearfil Majesty ES-2 is a nanohybrid composite resin containing Bis-
GMA. BisGMA is an essential component in the composite resin matrix,
but one of its drawbacks is its high viscosity. Strong molecular
interactions driven by the H bond are effective in this viscosity.3! High
viscosity weakens the mechanical properties of the composite and
reduces its lifetime.3! This content of the material may explain the
increase in surface hardness and roughness in acidic environment. For
Clearfil Majesty ES-2 group; When the surface examinations on the 7th
day (Figure 1-B) and 14th day (Figure 1-C) were examined in SEM
imaging, it was observed that the roughness increased and pits were
formed compared to the baseline (Figure 1-A). This finding supports the
surface roughness data.

In addition to conventional composite resins, materials with fluorine
release in giomer structure are used in restorative dentistry. Giomers
exhibit similar aesthetic and physical properties to composite resin
restorative materials, superior to other fluorine-releasing conventional
glass ionomers and resin modified glass ionomer cements (RMGIC).
Many studies in the literature have shown that acid attacks in the oral
cavity cause fluoride removal from glass ionomer restorative
materials.3233 Beautifil Il and Beautifil Il LS release fluoride from its
surface in acidic environment due to its giomer structure. It is thought
that fluoride release is the reason for the increase in surface roughness
and decrease in microhardness values in these groups after gastric acid
exposure.

The giomers have a conventional bis-GMA matrix and contain
bioactive glass fillers.3* S-PRG (surface pre-reacted glass-ionomer) filler
particles in giomers have been reported to act as a fluoride reservoir.34
TEGDMA provides fluidity, flexibility and heterogeneity to the material it
is in. The heterogeneity in the matrix allows for the formation of larger
micropores between the polymers.34

Curr Res Dent Sci 2025; 35(1): 54-59 / doi: 10.17567/currresdentsci.1514578



58

According to the results of the study, the surface roughness of
Beautifil Il and Beautifil Il LS groups, which are in gionomer structure,
showed a statistically significant increase. In this case, it is thought that
the fluoride content has an effect as well as the TEGDMA content in their
structure. Although there is no statistically significant difference in
surface roughness between Beautifil Il and Beautifil Il LS groups, the
Beautifil Il group has a higher surface roughness than the Beautifil Il LS
group, and SEM images have shown results that support this. With a
particle size of 0.8 um, Beautifil Il group is the group that shows the most
variation in surface roughness. Likewise, the fluoride content separated
from the surface by the effect of gastric acid also explains the decrease
in microhardness. Another reason for the decrease in surface hardness
is the softening of bisphenol-A-glycidyl methacrylate (Bis-GMA) based
polymers in the structure of composite resins exposed to gastric acid.3>
For Beautifil Il and Beautifil Il LS groups; When the surface examinations
on the 7th day (Figure 1-E/H) and 14th day (Figure 1-F/I) were examined
in SEM imaging, it was observed that the roughness increased and pits
were formed compared to the baseline (Figure 1-D/G). According to SEM
data, while materials with giomer structure were affected more by
gastric acid, the most surface change was observed in Beautifil Il group
(Figure 1-E/F).

In support of this study; In their study, Guler and Unal reported that
various acidic liquids, including gastric acid, increase the roughness on
the surface of resin-containing materials and cause color change in the
restorative material'®. In the presence of factors affecting erosion such
as gastroesophageal reflux in patients, physicians should be careful in
the selection of restorative materials to be preferred and patients should
be informed about this issue. Limitations of this study include
deficiencies in mimicking the complex oral environment and ignoring the
effects of temperature change and the buffering effect of saliva. Further
research can examine the in vivo effects of gastric acid on different
restorative materials with different evaluation methods (Atomic force
microscopy (AFM), Knoop surface hardness test). Although the complex
does not fully reflect the oral environment in this study, it does confirm
the corrosive potential of gastric acid on restorative materials.

CONCLUSION

According to this study, gastric acid was found to be effective on the
surface hardness and roughness of restorative materials.

e A decrease in surface hardness was observed in restorative
materials after exposure to gastric acid.

e The surface roughness of the restorative materials also increased
after gastric acid exposure.

e As a result, the choice of dental material is very important in
patients with reflux.

e If the dental materials evaluated in this study are to be preferred,
patients should be checked more frequently considering the
results of the study.

e The use of these dental materials may be limited in the presence
of a situation where case follow-up cannot be performed.
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Knowledge and Attitudes About
Obstructive Sleep Apnea Among Dental

Students: A Cross-Sectional Study

Dis Hekimligi Ogrencileri Arasinda Obstriiktif Uyku Apnesi
Hakkinda Bilgi ve Tutum: Kesitsel Bir Calisma

ABSTRACT

Objective: Dental sleep medicine is an increasingly recognized medical specialty, but obstructive sleep
apnea (OSA) frequently progresses undetected. Dentists are often the first health-care professionals to
assess signs and symptoms of OSA and therefore have a key role in OSA diagnosis. The purpose of the study
was to assess the knowledge and attitudes about OSA among dental students.

Methods: The OSA knowledge and attitude questionnaire was completed by dental students between April
2023 and June 2023. The questionnaire includes 18 knowledge and 5 attitude items on OSA. Chi-square
tests and Student’s t-tests were used to compare the differences between individual items and mean
scores of the participants. Differences were considered significant at P < .05.

Results: A total of 351 dental students participated in the study. The total knowledge scores of the students
were poor with a mean knowledge score for all students of 51% (9.18 + 2.89). While 67.6% of participants
considered OSA to be of clinical importance, only 18.2% were confident in their ability to manage OSA.
Conclusion: There are some deficiencies in the OSA education provided to dental students. Additional
courses on dental sleep medicine are needed, and relevant updates should be made to the dentistry
curriculum.

Keywords: Knowledge, attitude, dental education, dental student, obstructive sleep apnea

0z

Amag: Dental uyku tibbi, pek taninmayan bir tibbi uzmanhk alanidir ve obstriiktif uyku apnesi (OUA)
genellikle fark edilmeden ilerleyebilir. Dis hekimleri hastanin tibbi 6ykisiini ilk alan ve OUA'nin teshisinde
kritik role sahiptirler. Bu g¢alismanin amaci, dis hekimligi 6grencilerinin obstriiktif uyku apnesi ile ilgili bilgi
ve tutumlarini degerlendirmektir.

Yontemler: Bu galisma Ocak-Nisan 2023 tarih araliginda planlanmistir. Katilimcilarin bilgi ve tutum
seviyelerinin degerlendirilmesi igin OSA bilgi ve tutum (OSAKA) anketi kullaniimistir. Katiimcilarin bireysel
maddeler ve ortalama puanlari arasindaki farklari karsilastirmak igin sirasiyla Ki-Kare testi ve bagimsiz
érneklemler Student t-testi kullanildi. istatistiksel anlamlilik diizeyi P <,05 olarak kabul edilmistir.
Bulgular: Arastirmaya toplam 351 dis hekimligi 6grencisi katilmistir. Ogrencilerin toplam bilgi puani her iki
grupta da zayif olup tiim Ogrencilerin ortalama bilgi puani (9,18 + 2,89) olarak gozlenmistir. Ankete
katilanlarin ¢ogu, OSA hakkinda gicli olumlu tutumlar gosterdi. Ancak ¢ogunun OUA hastalarinin
yonetiminde kendilerine glivenleri disik bulunmustur.

Sonug: Dis hekimligi 6grencilerinin egitim slirecinde obstriktif uyku apnesi ile ilgili bilgi ve tutumuna iliskin
bazi eksiklikler bulunmaktadir. Bu sebeple dis hekimligi egitimine uyku dis hekimligi ile ilgili ek dersler
konulmali ve egitim miifredatinda giincellemeler yapilmalidir.

Anahtar Kelimeler: Bilgi, tutum, dis hekimligi egitimi, dis hekimligi 6grencisi, obstriiktif uyku apnesi

INTRODUCTION

Sleep disorders are a public health problem that has been noticed in recent years that causes serious
problems in the short and long term. Obstructive sleep apnea syndrome (OSAS) is a very widespread cause
of sleep disorders and is the most common type of sleep breathing disorders.! Obstructive sleep apnea
(OSA) is a medical condition which frequent respiratory pauses due to sleep-related muscle tone changes
leading to partial or complete upper airway collapse. The prevalence of obstructive sleep apnea has been
reported to be approximately 15% in the general population.? It has been reported that women are less
affected than men and the prevalence varies among 0.5%-9% and 1%-24%, respectively. OSA is not only
related with daytime sleepiness and poor quality of life. 23 It has been found to be associated with 7% of
motor vehicle accidents in individuals with untreated OSA.#
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The diagnosis of OSA is made by the presence of a total of 5 apneas
and hypopneas per hour, accompanied by daytime sleepiness, sleep
sighs, sleep interruptions, daytime fatigue, and concentration
disorders.> Common risk factors for the development of OSA are
considered to be obesity, male gender, old age, hormonal changes in
menopause, increased fluid retention, presence of adenotonsillar
hypertrophy and smoking.6 Also hypertension has been found to be
related with OSA. Various cardiovascular disorders and diabetes mellitus
have been stated to can be associated with OSA, although it is not clear.®
In a meta-analysis, the prevalence of OSAS ranged from 9-38%, and it
was stated that this condition increased with age and was more common
in male gender and obese.” In a previous study, the prevalence of OSA in
Turkey was found to be among 0.9-1.9%.8

Dental sleep medicine is can be identifed as a branch of dentistry
that deals with the study of the oral and maxillofacial reasons and results
of sleep-related disorders, including sleep-related breathing disorders
such as OSA.? Physicians working in this topic must have very specialized
medical knowledge. Particularly, there are some OSA related findings
such as high arched or narrow hard palate, maxillo-mandibular
relationships, enlarged or elongated uvula, tonsil hypertrophy, and
lateral peritonsillar narrowing that general dental practitioners can
observe during routine intraoral examination1® In addition, sleep
bruxism (SB), a behavior often suspected and reported to share
widespread clinical features with OSA, may also occur in OSA patients.1!
Furthermore, it is also quite common to have OSA and craniofacial pain
together.?2 Due to the insufficient information about sleep medicine in
the dentistry curriculum, sometimes treatment can be planned
incorrectly, and the situations in which OSA patients should be referred
for further investigation may be overlooked.

The gold standard in the diagnosis of obstructive sleep apnea is
nocturnal polysomnography (PSG) in the sleep laboratory. However,
several alternative portable diagnostic devices have also been
developed, which have various advantages such as shorter waiting time
and lower price.13.14

The first treatment option and the gold standard method in the
treatment of OSA is the continuous positive airway pressure (CPAP).1>
The use of the CPAP device is difficult for the patients, their compliance
with the treatment is generally not very good. Mandibular advancement
device (MAD) is a type of oral appliance used as an alternative treatment
to CPAP in the treatment of OSA.16 Studies have reported that these
appliances increase oxygenation during the night and improve the
negative health and social results of OSA and snoring.1617 Mandibular
advancement devices are generally recommended for use in patients
with mild or moderate OSA and snoring, as well as in patients who are
not compliant with CPAP use.” Therefore, dentists have a critical role in
the treatment of OSA patients by using intraoral appliances.

The most important part of the dental clinical routine is to record
the medical history patients before deciding the treatment on the
examination. At this point, with a well-done clinical examination, many
systemic conditions can be diagnosed and necessary referrals can be
made.!® Thus, dentists have a critical role in the diagnosis and diagnostic
procedures of OSA, referral for advanced surgical procedures, and
treatment with mandibular advancement devices.'®

Hence, the aim of this study was to investigate the knowledge and
attitudes about obstructive sleep apnea among dental students and thus
to identify the need for revision of the dental educational curriculum on
this subject.

METHODS

This study was designed as a cross-sectional study between April 2023
and June 2023 and it was conducted in accordance with the Principles of
the Declaration of Helsinki and was approved by the Human Research of
Ethics Commitees of Istinye University (Date: 12.04.2023; Protocol
Number: 22-118) A total of 351 dentistry students 53,3% female and
46,7% male, were included in the study and an informed consent form
was obtained from all of them. All of the participants met all of the
inclusion criteria: being a dentistry student in 4th and 5th year, being
between the ages of 18-30, volunteering to participate in the study, and
answering the questions completely. A questionnaire form was created
as a result of the literature review, including demographic characteristics
such as age, gender, class of education, presence of chronic disease, and
having OSAS in the family. Moreover, The Obstructive Sleep Apnea
Knowledge Attitude (OSAKA) questionnaire developed by Schotland and
Jeffe29) was used to evaluate OSAS knowledge and attitude. The OSAKA
questionnaire is 23-item questionnaire that takes less than 10 minutes
to be complete and consists of 18 knowledge assessment and 5 attitude
assessment questions. Knowledge questions of OSAKA consist of true-
false format and “do not know” option was also included as a third-
response to minimise the effect of guessing. This option scored as an
incorrect response during response rate calculations. Correct options
were set as 1 point, and 0 points were given to the incorrect answers
and “l don’t know”, which was accepted as an incorrect answer.
Therefore, the total score that can be obtained varies between 0 and
18.20

The second part is about the OSAS attitude and consists of five items:
two items to evaluate the importance of this situation as a clinical
disorder and identifying OSAS, and three items assessing self-confidence
in the management of OSAS. The answers to the attitude questions were
calculated with a five-point Likert scale ranging from 1 to 5. (1=strongly
disagree; 2=disagree; 3=neither agree nor disagree; 4=agree; and
S5=strongly agree).

Statistical Analysis

Statistics analysis was performed using IBM SPSS Statistics (Version
22.0. Armonk, NY: IBM Corp.) The categorical data were expressed as
numbers and percentages. The chi-square test and independent sample
t-test were used to compare differences between categorical variables.
Pearson correlation analysis was used to examine the relationship
between the total knowledge score, total attitude score and each
attitude subscale score in OSAKA, ages and years of education of
participants. The statistical significance level was considered as P <.05.

RESULTS

It was seen that hand-wrist radiographs exhibited sexual A total of
351 dental students participated in the study and the mean age of
students was 23.4+1.9 years. 39% (n=137) of the participants were 4th
year, 61% (n=214) were 5th year dental students. 5.1% of the students
have a systemic disease and the rate of those who use drugs was 4.3%.
Additionally, 6.8% of the participants have a family history of obstructive
sleep apnea syndrome. Table 1 presented the demographic
characteristics of the students.

The total knowledge score of students was calculated and the mean
knowledge score of all students was 9.18+2.89. While there was no
statistically significant difference between OSAKA knowledge score and
gender of dental students, a significant relationship was observed
between age, education year, presence of OSAS in the family members
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and presence of systemic diseases. The knowledge scores of students
aged 224 years (9.65+2.57), 5th year dental students (10.20+2.59),
systemic disease (11.56%2.50) and patients with a family history of OSAS
(11.4242.45) were higher (P<.05). (Table 2).

Table 1. Demographic characteristics of the dental students

n %
Gender Female 187 | 53.3
Male 164 | 46.7
Age <24 years 209 | 59.5
224 years 142 | 40.5
Years of dentistry education 4th year 137 | 39.0
5th year 214 | 61.0
Presence of systemic diseases No 333 | 94.9
Yes 18 5.1
If yes, drug use related to these systemic diseases No 336 | 95.7
Yes 15 4.3
Presence of Obstructive Sleep Apnea Syndrome in the No 327 | 93.2
family Yes 24 6.8

Table 2. The relationship between the demographic characteristics of dental
students and the OSAKA questionnaire knowledge items

Mean SD P

Gender Female 9.32 3.08 .330
Male 9.02 2.68

Age <24 years 8.86 3.07 .012*
224 years 9.65 2.57

Years of dentistry education 4th year 7.59 2.63 .001*
5th year 10.20 2.59

Presence of systemic diseases No 9.05 2.86 .001*
Yes 11.56 2.50

If yes, drug use related to these systemic No 9.03 2.85 .001*

diseases Yes 12.53 1.73

Presence of Obstructive Sleep Apnea No 9.02 2.86 .001*

Syndrome in the family Yes 11.42 2.45

The correct answer rates to the knowledge questions of the OSAKA
questionnaire were shown in Table 3. None of the questions were
answered correctly by all the participants. The question with the highest
correct answer rate was the 4th question (The majority of patients with
OSA snore) with 88.6% (n=311) and with 81.2% (n=285) the 11th
question (A craniofacial and oropharyngeal examination is useful in the
assessment of patients suspected with OSA) took the second place.
However, the question with the lowest correct answer rate was the 8th
question (Laser-assisted uvuloplasty is an appropriate treatment for
severe O0SA) with 6.6% (n=23) and the second question
(Uvulopalatopharyngoplasty is curative for the majority of patients with
OSA) with 9.4% (n=33) (Figure 1). 5th year students gave more correct
answers to the majority of OSAKA knowledge questions compared to 4th
year students and statistical significance was found in these answers
(P<.05) (Table3).

Two of the attitude questions were associated with awareness of the
importance of OSA, and three were associated with self-confidence in
identifying and managing OSA. Importance subscale score, confidence
subscale score and total attitude scores of the participants were found
as 3.95+0.90, 2.68+0.96 and 3.19+0.93, respectively. Overall, 67.6%
(n=237) of students considered OSA very important or extremely
important as a clinical disorder. Similarly, 64.4% (n=226) considered
identifying patients with OSA as very important or extremely important.

A very small proportion of participants (20.8%, n=73) agree or
strongly agreed that they were confident in identifying patients with
OSA. Only 18.2% agreed or strongly agreed that they were confident in

their ability to manage OSA and only 17.1% (n=60) agreed or strongly
agreed that they were confident in their ability to manage patients with
CPAP therapy.

90,0%
80,0%
70,0%
60,0%
50,0%
40,0%
30,0%

20,0%
10,0% l '

0,0%

Correct Answers %
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Figure 1. The rates of correct answers of obstructive sleep apnea knowledge and
attitude knowledge questions

Table 3. Total and comparative scores of 4th and 5th year dental students
knowledge items of OSAKA

Item on the knowledge section of OSAKA % Correct Answers

questionnaire (correct responses) Total Years of dentistry | P
education
4th  year | 5th year
(n=137) (n=214)

1. Women with OSA may present with | 94 (26.8%) 21 (15.3%) 73 (34.1%) .001*
fatigue alone (True)
2. Uvulopalatopharyngoplasty is curative 33(9.4%) 4(2.9%) 29 (13.6%) .001*
for the majority of patients with OSA
(False)*

3. The estimated prevalence of OSA [178(50.7%)| 49 (35.8%) |129(60.3%)| .001*
amongst adults is between 2% and 10%
(True)

4. The majority of patients with OSA |311(88.6%)| 113 (82.5%) |198(92.5%)| .004*

)
snore (True)
5. OSA is associated with hypertension | 95 (27.1%) 22 (16.1%) | 73 (34.1%) | .001*
(True)
6. An overnight sleep study is the gold [250(71.2%)| 96 (70.1%) |[154 (72.0%) .703
standard for diagnosing OSA (True)
7. Continuous positive airway pressure |[136(38.7%)| 49 (35.8%) 87 (40.7%) 371
(CPAP) therapy may cause nasal
congestion (True)

8. Laser-assisted uvuloplasty is an 23 (6.6%) 8(5.8%) 15 (7.0%) .666
appropriate treatment for severe OSA
(False)

9. The loss of upper airway muscle tone (278 (79.2%)| 106 (77.4%) (172 (80.4%) 499
during sleep contributes to OSA (True)
10. The most common cause of OSA in |275(78.3%)| 99 (72.3%) |176(82.2%)| .027*
children is the presence of large tonsils
and adenoids (True)

11. A craniofacial and oropharyngeal |285(81.2%)| 93(67.9%) |192(89.7%)| .001*
examination is useful in the assessment of
patients suspected with OSA (True)

12. Alcohol at bedtime improves OSA | 81 (23.1%) 30 (21.9%) 51 (23.8%) .675
(False)
13. Untreated OSA is associated with a |199 (56.7%)| 50 (36.5%) |149 (69.6%)| .001*
higher incidence of automobile crashes
(True)

14. In men, a collar size of 17 inches of |138(39.3%)| 16(11.7%) |122(57.0%)| .001*
greater is associated with OSA (True)
15. OSA is more common in women than |178 (50.7%) | 64 (46.7%) |114 (53.3%)| .231
men (False)
16. CPAP is the first line therapy for [153(43.6%)| 31(22.6%) [122(57.0%)| .001*
severe OSA (True)
17. Less than five apnoeas or hypopnoeas |269 (76.6%) | 110 (80.3%) |159 (74.3%) .196
per hour is normal in adults (True)
18. Cardiac arrythmias may be associated |246 (70.1%)| 79 (57.7%) |167(78.0%)| .001*
with untreated OSA (True)
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There was a significant correlation between the total knowledge
score, total attitude score (r=0.106, P <.001) and each attitude subscale
score (r=0.382, P <.001), (r=0.291, P <.001). Moreover, the total
knowledge score correlated significantly with the age of the participants
(r=0.150, P <.001) and year of dentistry education (r=0.439, P <.001)
(Table 4). The total attitude score correlated significantly with the year
of dentistry education (r=0.106, P <.001), conversly no correlation was
found between age of participants (r=0,083, P >.001). Importance
subscale score shown no correlation neither age (r=0.005, P >.001) or
year of dentistry education (r=0.086, P >.001). Additionally, while there
was a positive relationship between the confidence subscale attitude
score of the participants and their age (r=0.106, P<.001), no relationship
was found between the years of dentistry education (r=0.080, P >.001,

Table 4. Pearson correlation coefficients between mean scores of total attitude
questions, each attitude subscale, and total knowledge questions on the OSAKA

a b c d e f
Age (a) 1
Years of dentistry education (b) .278** 1
Total knowledge score (c) J150%*  .439** 1

Importance subscale score (d) 0.005 0.086 .382** 1

Confidence subscale score (e) .106*  0.080  .291** .184** 1

Total attitude score (f) 0.083  .106*  .421** .661** .859** 1
*p<.05, ** P <.001

DISCUSSION

This study represents the first attempt to evaluate the knowledge
and attitudes among dental students regarding OSA. Dentists have a
critical role in the initial detection and treatment of various clinical
conditions. Such as, they are likely to be the first to be contacted to
identify potential OSA or other sleep disorders, refer them to
appropriate physicians, or treat them with oral appliance.?! Therefore,
dentists' knowledge, attitudes, and collaboration with other physicians
regarding OSA and intraoral appliances are essential for managing OSA
patients. This study provides data on the basic education of the
dentistry, the competencies of future dentists on these issues and the
requirements of curricular regulations.

Dental students’ knowledge of OSA was limited with an average
score of 51% in this study. It was determined that the average of the
knowledge scores of the dentistry students in the study was lower than
the study averages of Schotland and Jeffe?® where OSAKA was
developed, and the results of the studies that included many different
groups (such as doctors, medical students, practitioners or dentists) in
the literature.222% This situation can be improved by factors such as
increasing the diagnostic opportunities and training hours devoted to
sleep medicine in dentistry faculties.

As for results, among dental students, the increased age and years
of dental education were significantly associated with higher knowledge
about OSA. Conversely no significant relationship between the
knowledge scores of dental students and gender was found. There are
studies in the literature reporting that there is a relationship between
the age of physicians and their level of knowledge but in contrary to this
study results older physicians have less knowledge about OSA.20. 24 The
reason for this is thought to be that young dentists receive a more up-
to-date education and can access new information more easily by using
technology.?* Obtaining different results from the literature in this study
may be due to the different study group. While general dental
practitioners and specialist dentists took part in these studies, dental
students participated in the present study. Moreover, it can be

concluded that although the ages of the students are close to each other
and their command of current information and technology is similar, the
level of OSA knowledge is higher due to the fact that the 5th years
students have more clinical experience.

The knowledge scores of students which presence systemic diseases
(11.56+2.50) and patients with a family history of OSAS (11.42+2.45)
were higher. Systemic hypertension, cardiovascular problems, type 2
diabetes, metabolic syndrome have been found to be associated with
OSA.% Since the presence of OSAS in the individual or one of the family
members will increase awareness about the subject, the high level of
knowledge can be attributed to this.

In the study, the knowledge questions answered most correctly by
the dental students were the 4th and 11th questions. These are the
items regarding the role of sleep studies and craniofacial and
oropharyngeal examination in the diagnosis of OSA, in which snoring is
the most common symptom. This correct response rate indicates that
dental students have a high level of awareness and knowledge of the
diagnosis of OSA and associated symptoms. Conversely, the questions
with the lowest knowledge scores of the students were the 2nd and 8th
questions, and since these are questions related to the treatment
approach and management, it shows that their awareness and
knowledge of treatment is insufficient.

In accordance with previous studies, we concluded that the majority
of the students had high awareness of the clinical definition of OSA and
the importance of recognizing individuals at risk (79%).2427 However, it
observed that students' self-confidence scores in managing OSA
treatment were quite low (53.6%). At this point, educational deficiencies
related to dental sleep medicine should also be taken into account in
pre- and post-graduate education.?® Similar to a previous studie, a
positive significant correlation was found between knowledge scores
and attitude scores in this study.22. When the relationship between
attitude scores and years of education and age was examined, no effect
of age on attitude scores was observed, again related to the fact that the
age distribution of students is very close to each other. However, it was
observed that the average attitude scores increased as the years of
education increased. In the education process, both the training
received and the increase in the number of cases encountered positively
affect the attitudes of the students. Considering all these, dental
education and training curriculum should be supported with additional
programs related to dental sleep medicine be more comprehensive
studies should be carried out.

The limitations of this study are as follows; Firstly, this study was
planned as a cross-sectional study and therefore causality cannot be
inferred from any of the relationships we observed. furthermore, we
cannot generalize the results of study to other countries where dental
education on OSA may differ in significant ways.

In conclusion, the dental students in this study showed insufficient
knowledge and attitudes towards the diagnosis, appropriate referral and
treatment of OSA. The role of the dentist is very important in identifying
OSA patients and directing them to medical care. It can be kept in mind
as OSA may initially be suspected at a dentist visit. For this reason, the
necessity of giving more place to dental sleep medicine in the dental
education curriculum and increasing the level of OSA knowledge with
postgraduate education should be taken into consideration.
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Influence of Preheating Procedure and
Polymerization Modes on Degree of
Conversion of Contemporary Resin

Composites

On Isitma lslemi ve Polimerizasyon Modlarinin Giincel

Rezin Kompozitlerin Déniisiim Derecesi Uzerindeki Etkisi
ABSTRACT

Objective: To evaluate the effects of preheating procedure and polymerization modes on degree of conversion
(DC) of resin composites.

Methods: Three different types of composites - a conventional (GrandioSO - [GSQ]), a bulkfill (GrandioSO x-tra -
[GSX]), and a thermoviscous bulkfill (VisCalor bulk - [VCB]) - were investigated. Three specimens were prepared for
each combination of the variables (composite type*preheating procedure*polymerization mode). Photo-
polymerization was performed using an LED operated in standard (SM), high power plus (HM), and x-tra power
(XM) modes. DC was measured with Fourier Transform Infrared Spectroscopy after 5 min and 24 h post-
irradiation. Furthermore, three-way analysis of variance followed by a Tukey test at a significance level of P <.05
were performed to compare the DC values.

Results: Considering the DC values at two post-irradiation time, preheated VCB group polymerized with HM gave
the highest DC value, while GSX cured with XM, regardless of the preheating exhibited the lowest one. Preheating
application caused a statistically significant increase in the DC values of the VCB*SM, VCB*HM, and GSO*HM
groups at both evaluation periods, and the GSX*SM group at 24h post-irradiation. Regarding the polymerization
mode, the ranking depending on the significant differences among all preheated composites tested at both time
intervals was HM > SM > XM.

Conclusion: Preheating generally exhibited favorable effects on the DC of all tested composites, with the most
significant impact observed in VCB. Additionally, polymerization with x-tra power mode is not recommended to
achieve a sufficient DC required for clinically acceptable restorations.

Keywords: bulk fill composite; degree of conversion; FTIR; polymerization mode; preheating; thermoviscousity.
(074

Amag: Bu galismanin amaci 6n isitma islemi ve polimerizasyon modlarinin rezin kompozitlerin déntsim
dereceleri Uzerindeki etkilerini degerlendirmektir.

Yéntemler: Ug farkl kompozit tiirii - geleneksel (GrandioSO - [GSQ]), bulkfill (GrandioSO x-tra - [GSX]) ve
termoviskoz bulkfill (VisCalor bulk - [VCB]) - incelendi. Degiskenlerin her bir kombinasyonu (kompozit
tard*on isitma islemi*polimerizasyon modu) igin t¢ 6rnek hazirlandi. Foto-polimerizasyon, standart (SM),
yuksek gic (HM) ve x-tra gl¢ (XM) modlarinda c¢alisan bir LED kullanilarak gergeklestirildi. Dontsiim
dereceleri, polimerizasyondan 5 dakika- ve 24 saat- sonra Fourier Donlsimlu Kizildtesi Spektroskopisi ile
olgllda. Ayrica, donltsim derecesi degerlerini karsilastirmak icin P <.05 anlamhlk dizeyinde Ug yonlu
varyans analizi ve ardindan Tukey testi uygulandi.

Bulgular: Polimerizasyon sonrasi iki farkli zamanda elde edilen degerler géz 6ntine alindiginda, 6n isitma
uygulanan VCB grubunun HM ile polimerize edildiginde en yiksek degeri verdigi, 6n isitma isleminden
bagimsiz olarak XM ile polimerize edilen GSX'in ise en diisiik déniisiim degerini sergiledigi bulundu. On 1sitma
uygulamasi, her iki degerlendirme doneminde de VCB*SM, VCB*HM ve GSO*HM gruplarinda, ayrica
polimerizasyondan 24 saat sonra GSX*SM grubunda donisiim derecesi degerlerinde istatistiksel olarak
anlamli bir artisa neden oldu. Polimerizasyon modu agisindan, her iki zaman diliminde test edilen tim 6n
Isitma uygulanan kompozitler arasinda anlamli farklara bagli siralama HM> SM> XM olarak belirlendi.
Sonug: On 1sitma, test edilen tiim kompozitlerin déniisiim dereceleri tizerinde genel olarak olumlu etkiler
gbstermis olup, en belirgin etki VCB'de gozlenmistir. Ayrica, klinik olarak kabul edilebilir restorasyonlar igin
gereken yeterli dontsiim derecesine ulasmak amaciyla x-tra glic moduyla polimerizasyon onerilmemektedir.
Anahtar Kelimeler: bulk fill kompozit; dénusim derecesi; FTIR; ©n Isitma; polimerizasyon modu;
termoviskozite.

CurrRes Dent Sci 2025;35(1): 65-70 / doi: 10.17567/currresdentsci.1617446



66

INTRODUCTION

Restorative dentistry has witnessed substantial innovation in
composite resins, resulting from advancements in their physico-
mechanical properties and manufacturing technologies in recent years.
As a result of these improvements, composite resins have been
acknowledged as dependable materials for direct restoration.! With
trends aiming at expediting the restoration process, bulk fill composites
that can be placed and light-cured up to 4 or 5 mm without stratification
were introduced to the dental profession.2? These contemporary
restorative materials are characterized by marked differences from their
conventional counterparts in terms of various changes in the chemistry
of the monomer, modified inorganic fillers, addition of new
photoinitiators, and enhancement of translucency.*>

A crucial parameter for resin-based materials is their degree of
conversion (DC), which represents the ratio of unreacted carbon double
bonds (C=C) in a polymerized specimen relative to the uncured
material.6 DC values for resin composites, which generally range
between 50% and 75%, influence the rheological and mechanical
features of the polymer, thereby affecting its clinical performance and
functionality.”® Although the minimum DC required for clinically
admissible restoration has not yet been specified, DC values below 55%
are usually not recommended for occlusal restorative layers.?
Furthermore, DC is known to be considerably impacted by variables of
the curing unit such as light intensity, wavelength, light curing method,
curing time, light tip size, irradiation distance, and the chemistry of resin-
based restorative materials comprising of the monomer composition,
filler size and amount, and type of photo-initiators.810-12

There are a variety of methods for specifying the DC of light-cured
materials. Recently, Fourier Transform Infra-Red Spectroscopy (FTIR)
coupled with Attenuated Total Reflectance (ATR) accessories, which is
able to quantify infrared light absorbance and transmittance, has
emerged as the most widely used among vibrational spectroscopic
methods for DC determination.?13-15> The rationale behind the ATR-FTIR
technique relies on the measurement of alterations in the dipole
moment of the bonds in molecules that exhibit vibrational patterns
before, during, and after curing.13

Due to the increment thickness of bulk fill composites, the
requirement for increased light transmission is of paramount
importance for achieving adequate DC, which eventually ensures the
longevity of the restorations.1617 In this regard, it is worth mentioning
that polymerization reaction of composite resins is induced by light-
curing devices at different energy densities and exposure durations.8 As
a consequence of the latest advancements in the field of light curing
units (LCUs), light-emitting diodes (LED) characterized by higher
irradiance within a short time interval, which anticipates increased
polymerization efficiency and diminished chairside treatment duration,
are currently available on the market.1%20 Considering this context, it
ought to be emphasized that, given the importance of their role in
clinical applications, dental clinicians should further question
characteristics and technical details of LCUs not to compromise patient's
health and longevity of restorations.?!

Preheating application prior to light-curing ensures reduction of
material viscosity, enhancement of marginal adaptation, decrease in
microleakage, and increases in both radical and monomer mobility,
resulting in higher DC values and thereby better physical and mechanical
properties of restorative material.8222¢ The aforementioned
phenomenon may be elaborated as follows: the increased mobility of
monomers by means of elevated temperature can lead to a delay in the
auto-deceleration stage of the polymerization reaction, resulting in

higher monomer conversion.2528 This preheating technique may be
conducted by inserting syringes or compules of resin-based materials
into commercially existing preheating devices set at a temperature
range of 39—68 °C.25 The present study uses VisCalor bulk (VOCO GmbH,
Cuxhaven, Germany)—a bulk fill composite specifically designed for
preheating—which is considered a noteworthy innovation in terms of
dental materials science. Although the preheating procedure has been
used in the field of restorative materials for many years, the available
literature pertaining to the thermoviscous bulk fill composite is
insufficient due to the recent introduction of the material to the dental
market, and more investigation is needed to corroborate the effects of
promising preheating application.

The present study aimed to investigate the effect of different
polymerization modes and preheating application on the DC of novel
resin composites. The null hypotheses tested in this study were that the
DC is not impacted by 1) the resin composite type, 2) the preheating
procedure, and 3) the polymerization mode at two different time
intervals (5 min and 24 h post-irradiation).

METHODS

This in vitro study investigated three types of resin composites—a
conventional universal nanohybrid (GSO; GrandioSO; VOCO GmbH,
Cuxhaven, Germany), a nanohybrid bulk fill (GSX; GrandioSO x-tra; VOCO
GmbH, Cuxhaven, Germany), and a thermoviscous bulk fill (VCB; VisCalor
bulk; VOCO GmbH, Cuxhaven, Germany) (Table 1). Drawing on the
results reported by Kincses et al.26 and using analysis of variance
(ANOVA: fixed effects, special, main effects and interactions, a = 0.05,
power [1-B] = 0.95, effect size = 0.639), the total sample size required for
DC analysis was established as 53 (G*Power version 3.1; Heinrich-Heine-
Universitat Dusseldorf). Therefore, the experiment was conducted with
n = 3 for each resin composite*preheating procedure*polymerization
mode subgroup. Eighteen specimens of each resin composite,
constituting a total of 54 specimens, as presented in Figure 1, were
randomly separated into six subgroups (n = 3) in accordance with the
preheating application (p+: with preheating/p-: without preheating) and
polymerization mode (SM/HM/XM) interactions.

Table 1. Specifications of tested composite resins

Filler Lot
Material Type Composition content | number | Manufacturer
%
Matrix: Bis-GMA, BisEMA,
GrandioSO | Universal TEGDMA VOCO, Cuxhaven,
[GSO] nanohybrid Filler: Glass ceramic, silicon | 89 (w/w) | 2108726 Germany
composite dioxide

Matrix: Bis-GMA, BisEMA,

GrandioSO | Nanohybrid aliphatic dimethacrylate VOCO, Cuxhaven,|

x-tra bulk fill Filler: Inorganic filler, 86 (w/w) | 2112568 Germany
[GSX] composite organically modified silica
Matrix: Bis-GMA, aliphatic
VisCalor bulk | Thermoviscous dimethacrylate VOCO, Cuxhaven,
[vCB] nanohybrid bulk | Filler: Inorganic filler 83 (w/w) [2111548 Germany

fill composite

Standard power mode ATR-FTIR analysis
(1000 mW/em®) -5 min eradiath
x 4 ~ post-irradiation
Preheating + 21 24h B
(with p ?)
High power plus mode
/ | —
| ‘

Figure 1. Schematic representation of study design

GrandioSO
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According to the manufacturer’s instructions, a VisCalor Dispenser
(VOCO GmbH, Cuxhaven, Germany) was used to preheat the composite
compules by selecting setting 1 (for the VisCalor bulk, 30s) and setting 2
(for other studied composites, 70s) as required. In the non-preheated
subgroups, the composite compules were maintained at room
temperature (25 °C) with no preheating, and were included as a control
group in this experiment. In each 'composite type*preheating
procedure' subgroup, the uncured material was inserted into cylindrical
stainless-steel molds of 8 mm x4 mm and 8 mm x 2 mm for the bulk fills
and their conventional counterparts, respectively.

SM (5 min)
SM (24 h)
EHM (S min)

\

‘ akm@sh)
“ BXM (5 min)
| |

DC%

axXM (24 h)

6S0p- GsOp+ GSXp GSXp+ veep vcep+

Figure 2. The mean DC of investigated materials according to the
preheating procedure and polymerization mode at two-time intervals

Infrared spectra of the specimens’ top surfaces were collected by
employing Fourier Transformed Infrared Spectroscopy (FTIR, Nicolet
iS50, Thermo Scientific, USA) equipped with a universal ATR accessory
along with a diamond crystal (Thermo Fisher Scientific Co., Waltham,
MA, USA) in absorbance mode. Subsequently, 32 scans at a resolution of
4 cm® within a wavelength spectrum of 4000-400 cm™! were obtained.
Furthermore, a background FTIR spectrum was recorded prior to each
measurement. A preliminary readout of the uncured specimen was
considered the unpolymerized reference. Photo-polymerization was
performed using a LED unit VALO® Cordless (Ultradent Inc., South Jordan,
UT, USA) operated in standard mode (1000 mW/cm?2 - [2 x 10s]), high
power plus mode (1600 mW/cm?2- [3 x 4s]), and x-tra power mode (3200
mW/cm?2 - [2 x 3s]). The specimens were stored in a lightproof oven
within a desiccator with silica gel at 37°C for either 5 min or 24 h before
DC measurement. Additional spectra of the cured specimens at 5 min
and 24 h post-irradiation were obtained under the aforementioned
conditions. Moreover, the crystal plate was cleaned cautiously with
absorbent paper and ethyl alcohol between each sequence of monomer-
polymer conversion.

Using a standard baseline technique,?® the percentage of DC on the
tested surfaces was calculated by determining the variation in the ratio
of absorbance intensities (peak heights) of the aliphatic C=C stretching
vibrations at 1636 cm™ and aromatic C...C stretching vibrations at 1608
cm ! using the following equation:

(A 1636 / A 1608 )after curing
(A 1636 / A 1608 )before curing

DC (%) =(1- )x 100
Statistical Analysis
The data were analyzed with IBM SPSS version 23 (IBM Software
Group, Chicago, IL, USA), while a Shapiro-Wilk test was implemented to
examine the distribution normality. Furthermore, a three-way analysis
of variance (ANOVA) (with resin composite type, preheating procedure,
and polymerization mode as the main factors) followed by a Tukey test

were used to examine the DC values among the experimental groups at
two post-irradiation time. The significance level was established as

P<.05.

RESULTS

The three-way ANOVA revealed significant effects of not only the
three main factors but also the interactions of "resin composite*
preheating procedure" as well as ‘"preheating procedure*
polymerization mode" at the two different time intervals, and
interaction of "resin composite*polymerization mode" at 5 min post-
irradiation (P <.001). Additionally, triple interaction was identified to be
statistically significant at both 5 min and 24 h post-irradiation (in order
of P =.001, P <.001). The results of the DCsmin and DCuan values are
presented in Table 2 and Table 3, respectively. Furthermore, Figure 2
depicts the DC values of each investigated variable in pairs, with
reference to the two-time intervals. Considering the DC values at 5 min
and 24 h post-irradiation separately, the highest DC value was observed
in the preheated VCB group polymerized with HM, while the lowest
degree of conversion was detected in the GSX cured with XM, regardless
of the preheating procedure (P <.001). Preheating application caused a
statistically significant increase in the DC values of the VCB*SM,
VCB*HM, and GSO*HM groups at both evaluation periods, while that of
the GSX*SM group exhibited statistical significance at 24 h post-
irradiation (P <.001). Concerning the polymerization mode, their ranking
based on the significant differences among all preheated composites
tested at both time intervals was HM > SM > XM (P <.001).

Table 2. Mean degree of conversion (%) and standard deviation (mean + SD) of
each investigated variable at 5 min post-irradiation

Composite type

. Preheating
Polymerization mode
procedure GSO GSX veB

M p- 37.5+£0.7%FF  333+0.8F¢ 385270
pt 38.6+1.20FF  352+0.3tF6  532+4,08
p- 459 +0.6¢ 41.5+0.7°©  40.4 +2.6C0F

UM 5.9 £ 0.6 510 0 6
pt 53.0+0.98 46.3+0.3¢ 65.0 +2.34

XM p- 35.8+ 1.106F6 237+ 1.1H 31.1+2.36
p+ 30.0 +0.96 23.2+0.3% 353 %456

Notes: A-H: There is no difference between the interactions (resin composite*preheating
procedure*polymerization mode) with the same upper case letters.

Abbreviations: GSO, GrandioSO; GSX, GrandioSO x-tra; VCB, VisCalor bulk; SM, standard
mode; HM, high power plus mode; XM, x-tra power mode; p-, without preheating; p+, with
preheating.

Table 3. Mean degree of conversion (%) and standard deviation (mean * SD) of
each investigated variable at 24 h post-irradiation

o Preheating Composite type
Polymerization mode
procedure GSO GSX vVCB
M p- 48.7+0.6EF¢ 41.9+0.80  49.9+1.1PFF
p+ 52.6+0.7PF 453+0.26H  63.943.78
HM p- 52.9+0.3E 51.2+0.8°F  56.3+0.6¢
p+ 65.2+0.28 53.9+0.1®  74.4+3.4°
p- 42.8+1.1" 35.3+1.2¢  43.3+1.2"
XM _

p+ 40.2+1.2' 32.8£0.3¢  47.21.6FH
Notes: A-K: There is no difference between the interactions (resin composite*preheating
procedure*polymerization mode) with the same upper case letters.
Abbreviations: GSO, GrandioSO; GSX, GrandioSO x-tra; VCB, VisCalor bulk; SM, standard
mode; HM, high power plus mode; XM, x-tra power mode; p-, without preheating; p+, with
preheating.
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DISCUSSION

Effect of chemical composition on DC

Within the limits of this research, the first part of the null hypothesis
was rejected since the current study confirmed that the DCs of the
tested materials were impacted by the resin composite type. From a
theoretical standpoint, DC (%) differences which are closely related with
intricate polymerization process are expected as the monomer
composition, inorganic filler characteristics vary on a large scale from
material to material.l3 In a previous study, it was specified that
increasing filler-matrix ratio proportionally reduces degree of
conversion, because raised amounts of inorganic fillers are an
impediment for polymeric chain propagation.?’” Taking into
consideration of tested composites in this study, the ranking of the
numerical values of DC was mostly VCB > GSO > GSX. In view of this, it is
not surprising that VCB composites exhibited the highest DC values as a
result of their lower filler loading (83% wt.). Notably, a discrepancy was
noted between the DC values and the filler amounts of the GSO (89%
wt.) and GSX (86% wt.) groups. The explanation for the higher DC values
in the GSO may be attributed to its application at 2 mm increment
thickness, and the presence of TEGDMA, which could have positively
affected the DC in the monomer structure of the GSO.

Furthermore, the DC of composite resins is essentially impacted by
the nature and quantity of each monomer in their composition.®
Ultimately, the DC of the different monomer systems diminishes in the
following order: TEGDMA > UDMA > Bis-EMA > Bis-GMA.?2
Unfortunately, the lack of data provided by the manufacturers in the
package inserts and on their websites about the exact ratio of the
assorted monomers, as they were proprietary, made the interpretation
of the existing results an arduous task.

DC change depending on preheating

Preheating application is an innovative approach that could
ameliorate the handling characteristics of dental materials, as well as
their physical and mechanical properties.3® Based on the effects of the
preheating procedure on DC observed in the current study, the second
null hypothesis was rejected. Our findings coincide with those of various
studies?3:2431.32 reporting that preheating causes increased molecular
mobility, thereby allowing the system to attain higher level monomer
conversion before vitrification. On the other hand, in several
studies?>2833.34 it was emphasized that no significant effect was stated
about the preheating procedure on monomer conversion. For instance,
unlike the present study, Kincses et al.2¢ specified that preheating had
no beneficial impact on the DC of thermoviscous VisCalor bulk.
Furthermore, a previous study that investigated the effects of pre-
heating time and exposure duration on the post-irradiation properties
of a thermoviscous resin composite declared that the DC did not alter
with preheating application and time (no heat, T3-30 s, T3-3 min), since
a reduction in the composite temperature was observed after its
removal from the heating instrument.8 This inconsistency between the
findings of the current study and former investigation may have resulted
from the use of different heating devices. It is important to mention that
compules do not need to be removed from VisCalor Dispenser used in
this study, and that's why this device can maintain increased
temperature throughout the procedure as distinct from the other
heating instruments.26 In another study by Taubd&ck et al.22 in which they
evaluated influence of preheating on shrinkage force and monomer
conversion of high-viscosity bulk fill resin composites, it was notified that
preheating prior to photoactivation either maintains or increases the DC.

Influence of polymerization mode on DC

In spite of the fact that the polymerization reaction is completely
chemical, dental practitioners are still regulating several momentous
points of the reaction such as the curing time and radiant energy.!
Comparisons of alternative polymerization protocols are generally made
by changing the light activation time and irradiance while preserving
stationary radiant exposure.2® Considering the impact of polymerization
modes in this study, especially in all the preheated groups, the high
power plus mode presented a significantly higher DC than the standard
mode and x-tra power modes, respectively. In line with the data
obtained from the current study, the third part of the null hypothesis,
which emphasizes that the DC is not affected by polymerization modes,
was rejected.

In a previous study conducted by Sadeghyar et al. 3 who examined
limited reciprocity in curing efficiency of bulk fill resin composites, three
LCUs of rising radiant emittance capacity (1200, 2000 and 3200
mW/cm?) were utilized. It was stated that irradiance for 10 s at 1200
mW/cm? displayed mostly better hardness values than by using LCUs of
higher radiant emittance with reciprocally declined curing times, to
sustain stationary dose of energy density. Furthermore, Ilie and Stark
claimed that to preserve the mechanical features of resins in depth, the
necessary energy density should be achieved at moderate irradiance
coupled with enhanced exposure time.* A study that investigated the
effect of light-curing protocols (standard and x-tra power modes) on the
mechanical behavior of bulk fill resin composites reported that higher
irradiance in a short period jeopardizes the mechanical properties of
composite resins, leading to undesirable clinical outcomes.> As an
explanation of the aforementioned finding, it could be pointed out that
low power irradiance in a longer time duration ensures leisurely
polymerization, which improves the mechanical behavior of composites,
since extended chains with higher molecular weight are created in
comparison with high power irradiance. The results of this investigation
are consistent with those of Daugherty et al.’* who stated that bulk fill
composites polymerized with high irradiance*short/ultra-short curing
time combinations may not provide a sufficient degree of
polymerizetion, in turn, leading to undesirable clinical features. On the
other hand, Atria et al. 3> have accentuated that different curing modes
(High- 1200 mW/cmZ% Low- 650 mW/cm2 Soft-start- [650-1200]
mW/cm?; and Turbo- 2000 mW/cm?) with the same exposure time do
not significantly impress the DC values of a composite resin. Drawing on
the above observations, it is crucial to underline that dental
professionals should have notice of technic elaborations and properties
of LCUs by the side of the curing time and radiant irradiance suggested
by the manufacturer of each dental material.?!

For all composite resins analyzed in this study, the DC at 24 h post-
irradiation was greater compared to those obtained immediately post-
cure. This finding is in harmony with the studies conducted by Yang et
al.828 As corroborating with the literature, it was concluded that DC may
not be optimized 5 min post-irradiation, and it should be anticipated for
up to 24h in order to obtain eventual degree of post-polymerization
conversion.l?

A limitation of this experiment is that only one brand of composite
resin was tested. Furthermore, the use of different specimens at the
two time intervals (5 min and 24 h post-irradiation) may be preferred
because removal of the cured specimens from the ATR crystal for re-
evaluation at 24 h post-irradiation could be detrimental to the
specimens, resulting in poor spectra recordings. Moreover, the
outcomes of the current research should be corroborated with in vivo
studies because they simulate intraoral environment conditions
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completely and prevent erroneous prediction from the results of in vitro
methodologies.

CONCLUSION

Within the limitations of this laboratory study, the following
conclusions can be deduced:

1. VisCalor bulk indicated the highest degree of conversion in
comparison with other tested composites when preheated as suggested.

2. Preheating procedure had generally favorable effects on DC of the
tested composites, besides that the most significant impact was
observed in VisCalor bulk group.

3. X-tra power mode, which has higher irradiance in a short time
interval may not be recommended for adequate degree of conversion.
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Diagnostic Comparison of Different
Methods for Detection of Occlusal Caries
Lesions in New Erupted Permanent Teeth

Yeni Siirmiis Daimi Dislerde Okliizal Clirtik Lezyonlarinin
Tespiti Icin Farkl Yéntemlerin Tarisal Karsilastirmasi

ABSTRACT

Objective: The aim of this study is to evaluate the effectiveness of the alternating current impedance
spectroscopy device in the diagnosis of occlusal caries using visual and radiovisiography and determining the
inter-researcher reliability of the device by repeating it with two different researchers. Materials and
Methods: From thirty-five patients, a total of thirty-five new eruptive occlusal first molar teeth with intact
or early decay were included. It was examined by visual, radiovisiography and CarieScan Pro (CP) device by
two researchers with independent clinical experience.

Results: With regard to intra-observer agreement for examiner 1 and 2, while there was only statistically
significant difference between CP and ICDAS-II (P<.005), no significant difference was found among other
groups. A high inter observer agreement and moderately good kappa value were seen.

Conclusion: The ICDAS-Il method alone appears to be sufficient for the diagnosis of occlusal caries. It was
concluded that the CP technique showed a low ability to reveal occlusal carious lesions on enamel and/or
dentin in newly erupted permanent molars.

Keywords: Caries Diagnosis, CarieScan Pro, ICDAS-II

6z

Amag: Bu ¢calisma amaci, oklizal ¢urtklerin taninmasinda alternatif akim empedans spektroskopisi cihazinin
calismasini gorsel ve radyovizyografi kullanarak degerlendirme ve bunu iki farkli arastirmaci ile tekrarlayarak
cihazlarin birbirleriyle dayanikliligini saglamaktir.

Yontemler: Otuz bes hastadan, saglam veya erken ¢lrige sahip toplam otuz bes yeni sireli okliizal birinci
azi disinin bakimi dahil edildi. Disler, bagimsiz klinik deneyimlere sahip iki arastirmaci tarafindan gorsel,
radyovizyografi ve CarieScan Pro (CP) cihazi ile incelendi.

Bulgular: incelemeci 1 ve 2 i¢in uyumluluk igi uyum bakis agisi, yalnizca CP ve ICDAS-Il arasinda anlamli olarak
fark varken (P<,005), diger gruplar arasinda anlamli bir fark vardi. Yiksek bir giivenlikler arasi uyum ve orta
diizeyde iyi bir kappa degeri gorildu.

Sonug: ICDAS-II yontemiyle tek basina okliizal glriklerin tanisi icin yeterli goriliyor. CP uzmaninin yeni
sirmus daimi azi dislerinde mine ve/veya dentin Gzerindeki oklizal ¢lrik lezyonlarini ortaya g¢ikarmada
dusik bir yetenege sahip oldugu igin yetistirildigi variimistir.

Anahtar Kelimeler: Clrlk Tanisi, CarieScan Pro, ICDAS-II

INTRODUCTION

Tooth decay is a complex disease caused by a combination of many factors. Caries begin with the
destruction of hard tooth tissues as a result of a combination of bacterial biofilms and foods that cause acid
production on the tooth surface. Occlusal surfaces are the most suitable areas for caries formation due to
the different morphology of pits and fissures and the plaque not being easily removed. !

The majority of cavities during childhood and adolescence, ranging from 75% to 92%, begin in the cracks
on the occlusal surfaces of the teeth. 2 The early diagnosis of these cavities allows for treatment with
preventive methods or minimal invasive restorations. Deep dental caries lesions may require local
anesthesia or longer-term restorative treatment, which can particularly induce fear in the dental treatments
of the younger age group of children and create difficulties in collaborating with the child during dental
procedures. 34 Furthermore, early diagnosis of cavities can reduce cavity prevalence and socio-economic
costs, while also reinforcing the fundamental principle of minimal invasive dentistry. >

Such situations further increase the importance of early diagnosis of initial enamel caries in children.
Accurate and correct diagnosis of occlusal caries will be the first step in successful treatment. However,
caries detection is difficult due to the anatomical structure of dental fissures and fossa and the diversity seen
in this structure. The most common caries detection methods used by dentists are visual inspection,
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tactile use of an explorer and radiographs and although the specificity of
visual examination (VE) alone is high, it has been reported to have a low
sensitivity for the detection of early onset caries and based on clinicians’
experience. ©

The examination of caries by dental prob is criticized for the transfer
of carious microorganisms from one place to another, as well as for
irreversible traumatic defects in early caries lesions that can be
remineralized. 7 Moreover, since caries is a dynamic and fluctuating
process that involves demineralization and remineralization over a
period of time, 8 radiography may inadequately estimate the depth of
the carious lesion and offer a very low sensitivity rate, especially in the
detection of incipient caries. %10

These limitations in traditional methods have led to the
development of new methods and devices for the detection of caries. 11
A device developed for caries detection is the CarieScan Pro (CP) device
using alternating current impedance spectroscopy. In this method, it is
aimed to evaluate mineral change in dental tissues by means of low
voltage current applied to the surface of the tooth. The manufacturer
recommends the use of this device for the diagnosis of caries without
cavitation at the initial stage. 12

The aim of this study is to evaluate the effectiveness of the
alternating current impedance spectroscopy device in the diagnosis of
occlusal caries using visual and radiovisiography and determining the
inter-researcher reliability of the device by repeating it with two
different researchers. The null hypothesis of this study was that there
would be no difference in the inter-rater reliability of the device as a
result of evaluating the effectiveness of the alternating current
impedance spectroscopy device (CarieScan Pro) in diagnosing occlusal
caries using visual and radiovisiography.

METHODS

Ethical approval for this study was obtained from the Cumhuriyet
University Clinical Research Ethics Committee (Dat: 19.03.2019; Decision
no.2019-03/06) and the study was conducted at the Faculty of Dentistry,
Department of Pediatric Dentistry, Cumhuriyet University. The clinical
procedure, associated risks, and benefits were fully explained to the
parents of the participants and written consent form was obtained to
participate before the procedure. Before the study begin, a detailed
information was given to two researchers and they were calibrated.

Sample Size Calculation

A power analysis of the study was performed to determine the
sample size and it was decided to take 35 teeth and the power of the
test was found to be P = .80223. A total of thirty-five new eruptive
occlusal first molars with intact or incipient caries from children aged 6-
12 years who applied to Cumhuriyet University Faculty of Dentistry,
Department of Pediatric Dentistry, were included in the study. Teeth
with occlusal restoration and fissure sealant, hypoplastic pits and open
occlusal cavitating teeth were excluded from the study. After the plaque
or dental calculus was removed from the selected teeth, it was examined
by visual, radiovisiography and CP device by two researchers with
independent clinical experience.

The selected teeth were first air-dried and then determined under
reflector light without using probes, according to the ICDAS-II' s VE
scoring system by two independent researchers with different clinical
experience.

Score 0: Healthy tooth surface (no signs of caries after air drying for
5 seconds)

Score 1: First visual changes in enamel (color change or opacity in
pits and fissures, not visible when moist, but observed after tooth
drying)

Score 2: Significant changes in enamel (color change or opacity in pits
and fissures, which can be observed when both are moist and dry)

Score 3: Local enamel destruction due to caries that do not appear
dentin (discoloration or opacity with a wider spread than pits and
fissures observed when both are moist and dry)

Score 4: Dark shading observed from dentin (no enamel destruction)

Score 5: Visible cavity formation including dentin (demineralization
and exposure of dentin to the naked eye)

Score 6: The condition of the caries will be diagnosed using the
presence of a large cavity with more than half of the tooth showing
dentin, 13-16

After the VE, to ensure standardization for radiographic examination
(RE), periapical radiographs were taken by the same technician each
time using the parallel technique with the Planmeca ProX (Planmeca Oy,
Helsinki, Finland) device. The images obtained were obtained from two
independent clinical studies by Extrand et al. 17 the radiographic scoring
criteria used in this study were modified according to our study and
recorded by scoring as shown in Table 1.

Table 1. Scoring Criteria

Code 0 Code 1 Code 2

RE No Enamel has radiolucency Radiolucency of the outer half
radiolucency of the dentin

ICDAS-II ICDAS 0 ICDAS-II (I-11-111) ICDAS-I (V)

cP 0-20 21-90 91-100

VE No caries Caries in enamel Caries in dentin

Abbreviation: RE: Radiographic Examination; CP: CarieScan Pro; VE: Visual Examination

After VE and RE the teeth were measured with CP. CP was calibrated
using a special ceramic piece. For occlusal surface evaluation, the tip of
the target fissure probe was placed directly and parallel to the long axis
of the tooth. After the tip remained on the tooth surface for about 3-5
seconds, a score ranging from 0 to 100 was determined. Score ranging
from 0 to 50 indicates low caries; A score ranging from 51 to 90 indicates
moderate caries, and a score ranging from 91 to 100 indicates high
caries. Red, Yellow and Green LED pyramids are illuminated on the
device in response to the numerical score. Accordingly, the green
pyramid indicates 0-50, yellow 51-90 and 91-100 red. The instrument
was scored between 0 and 100 with colored light depending on the
presence of decalcification on the caries or tooth surface.

Statistical Analysis

The data were analyzed with the Statistical Package for Social
Sciences (SPSS) for Windows software 22.0 (IBM SPSS Corp., Armonk,
NY, USA) package program. Intra-observer reproducibility was analyzed
by Cohen's Kappa (k) for in vivo study observers. Comparison of
distributions among tested groups was assessed by chi-square test. To
compare the methods, sensitivity and specificity were calculated and a
P value of <0.05 was considered statistically significant.

RESULTS

The distribution of ICDAS-II, RE, CP and cavity scores for each
examiners are shown in Table 2. With regard to intra-observer
agreement for examiner 1 and 2, while there was only statistically
significant difference between CP and ICDAS-II (P<.001 and P<.002), no
significant difference was found among other groups. According to
radiographic evaluations, there was a significant p value but a decreased
compatibility was seen between the observers. There was a high
compatibility at code 1 level between the observers. According CP
evaluations, there was no statistically differences between the observers
but a decreased significance was seen. According to cavity scores
evaluation, there was a statistically significance (Table 3).
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A high inter observer agreement and moderately good kappa value
(0.579) were seen. The table showed an increased kappa value (0.837)
between the observers. ICDAS-Il and CP showed increased sensitivity
results and intermediate specificity scores were seen. According to
statistical analysis, ICDAS-Il and CP showed reliable results than other
methods (Table 4).

Table 2. ICDAS-II, RE, CP and cavity scores for each examiners

Scores Examiner 1 Examiner 2
ICDAS-II 0 28 25
1 7 10
0 7 7
RE 1 17 15
2 11 13
cp 0 6 5
1 29 30
0 5 6
VE 1 19 16
2 11 13

Abbreviation: RE: Radiographic Examination; CP: CarieScan Pro; VE: Visual Examination

Table 3. p- values of intra-observer agreement with regards to test methods

Clinician 1 Clinician 2
ICDAS-II RE CcP VE ICDAS-II RE CP VE
ICDAS-1I - 371 .001* 491 - .405 .002* 739
RE - .028 .793 - .033 317
CcP - .034 - .011

Abbreviation: RE: Radiographic Examination,; CP: CarieScan Pro
*P <.05 was accepted as significance level.

Table 4. Sensitivity, specificity scores and kappa value of each method in terms of
the presence of caries

Sensitivity Specificity Kappa value
ICDAS-II 0.997 0.437 0.837
RE 0.421 0.435 0.145
cp 0.989 0.375 0.246
VE 0.896 0.467 0.579

Abbreviation: RE: Radiographic Examination; CP: CarieScan Pro; VE: Visual Examination

DISCUSSION

The null hypothesis of the study was rejected. With regard to intra-
observer agreement for examiner 1 and 2, while there was only
statistically significant difference between CP and ICDAS-II, no significant
difference was found among other groups.

This study investigated the performance of traditional caries diagno-
sis methods in new eruptive occlusal first molars with CP, which is based
on electrical conduction differences between intact and decayed tissues.

According to the data of our study, it was shown that ICDAS-II had
the highest validity and reproducibility for caries assessment compared
to the other three systems; these results were similar to other
researches. 11819 Higher sensitivities than the specificities obtained from
the detection methods used in this study were observed. However,
Shoaib et al. 2 and Jablonski-Momeni et al. 2! specificity is higher than
sensitivity. Both examiners in this study were inexperienced in the use
of ICDAS-II, but in the Shoaib et al's?® study, examiners had prior
experience, training, and practice, which may have led to a tendency to
better detect absence rather than presence of the initial lesion.

CP, one of the new caries detection methods in dentistry practice,
was introduced and started to be used. Ari et al. 22 also determined in
their study that ICDAS-II was superior to CP in the diagnosis of caries.
Surme et al. 12 in their study, in which they evaluated occlusal caries
detection methods in primary and permanent teeth, they reported that
CP showed higher sensitivity than radiographic evaluation and VE in both
dentitions. Popuri et al. 2 reported that CP showed higher sensitivity
than traditional methods in their study in which they compared
traditional methods and CP in caries detection. Despite this, Jablonski-

Momeni et al. 21 reported in their study that CP is not suitable for use in
primary teeth, since permanent molars have both deeper and more
complex fissures than primary teeth. The use of CP, the age of the
patients, the diameter of the dentinal tubules have a decisive
importance in the interpretation of the measurement results. It contains
less electrically conductive electrolyte due to reduced tubule diameters
due to apposition with age, resulting in an overall higher resistance. 2425
This may lead to different results regarding caries pro in studies.

The lowest sensitivity in our study was seen in the RE group. This was
to be expected, as initial occlusal carious lesions in tissues were difficult
to detect radiographically due to overlapping of buccal and lingual
enamel. 26 Therefore, RE was not found suitable for the detection of
occlusal enamel caries.

Reproducibility was evaluated by means of kappa values among all
methods included in our study. In our study, the highest kappa value was
obtained from ICDAS-II (0.837) and the lowest value was obtained from
RE (0.145) and CP (0.246). Jablonski-Momeni et al. 2! also found CP to
have a low kappa value among examiners. Neuhaus et al. 27 reported low
values (0.23-0.35) for the three methods they evaluated in their study
(VE, ICDAS-Il, and RE), and reported that these methods depend on
subjective aspects such as the background knowledge and individual
clinical experience of the relevant examiners. 2829 |n addition, Rodrigues
etal. 3°found a low kappa value for inter-rater reproducibility (0.19). The
difference in results, the difference between kappa values for in-person
reproducibility, and the subjective characteristics of the examiners may
be the effect. Also, our findings of low reproducibility with the CP
method may be due to the fact that the method is new to both
examiners. However, before the research, the same preparatory training
was given to the two examiners.

Ismail et al. 31 have reported excellent reliability of ICDAS-II, even
when used by examiners without epidemiological dental examination
experience. Chesters et al. 32 found that the new but trained examiners
in clinical trials had a kappa value of over 0.80 over a long period of time.
In our study, the validity and reliability of ICDAS-II was found to be high
and the kappa value was found to be very good. These results support
the literature.

CONCLUSION

The limitation of our in vivo study is that the methods used for the
diagnosis of occlusal caries were evaluated only on newly erupted
permanent molars. Within the limitations of the in vivo study, the ICDAS-
Il method alone appears to be sufficient for the diagnosis of occlusal
caries. It was concluded that the CP technique showed a low ability to
reveal occlusal carious lesions on enamel and/or dentin in newly erupted
permanent molars. Clinicians should keep in mind that visual aids have
the potential to improve early caries detection and clinical diagnostic
performance in children. Further in vivo studies of occlusal caries
detection are needed to better reflect the clinical situation.
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Research Article Arastirma Makalesi

Evaluation of Knowledge and Attitudes of
Dentists and Dental Students about Oral

Cancer
Dis Hekimleri ve Dis Hekimligi Ogrencilerinin Agiz

Kanserine lliskin Bilgi ve Tutumlarinin Dederlendirilmesi
ABSTRACT

Objective: This study aimed to evaluate the knowledge and negative attitudes of dentists and 4th-grade and 5th-
grade students of dentistry towards oral cancer (OC).

Methods: The study was conducted on 417 individuals consisting of 100 dentists, 186 5th-grade, and 131 4th-
grade students. The questionnaire included questions on demographic characteristics, 10 questions measuring
their knowledge about OC risk factors (knowledge-risk factors), 5 questions measuring their knowledge regarding
the diagnosis of OC (knowledge-diagnostic procedures), and 11 questions assessing their attitudes towards OC
(negative attitudes).

Results: While there is no significant difference between dentists and 5th-grade students in knowledge-risk
factors and knowledge-diagnostic procedures total scores, the total score of the 4th-grade students was
statistically significantly different from these groups (P =.001). Looking at the negative attitudes total score, there
is no significant difference between 5th and 4th-grade students, while total score of dentists was observed a
statistically significant difference (P=.001). While knowledge-risk factors and knowledge-diagnostic procedures
total scores were significantly and positively correlated (r=.287, P<.05), negative attitudes total score showed a
significant negative correlation with knowledge-risk factors total score (r=.103, P<.05). Deficiencies were
observed regarding the clinical characteristics of the prior oral lesion among participants. The group who
considered leukoplakia and erythroplakia most likely to become precancerous lesions were 5th-grade students
by 81.7%. Most participants indicated their need for further training, especially on OC and screening.
Conclusion: In the study, deficiencies were observed in the groups about OC. Therefore, deficiencies should be
assessed comprehensively at regional and national levels, and it should be addressed.

Keywords: Dental student, dentists, knowledge, mouth neoplasmes, risk factors, squamous cell carcinoma.

0z

Amag: Bu calismada dis hekimleri ile dis hekimligi 4. ve 5. sinif 6grencilerinin agiz kanserine (AK) yonelik
bilgi ve olumsuz tutumlarinin degerlendirilmesi amaglandi.

Yontemler: Arastirma 100'i dis hekimi, 186's1 5. sinif ve 131'i 4. sinif 6grencisi olmak lizere 417 kisi Gizerinde
gerceklestirildi. Ankette demografik ozelliklere iliskin sorular, AK risk faktorleri (bilgi-risk faktorleri)
hakkindaki bilgilerini 6lgen 10 soru, AK tanisina (bilgi-teshis prosedurleri) iliskin bilgilerini 6lgen 5 soru ve
AK'ye yonelik tutumlarini (olumsuz tutumlar) degerlendiren 11 soru yer aldi.

Bulgular: Dis hekimleri ve 5. sinif 6grencileri arasinda bilgi-risk faktorleri ve bilgi-teshis prosedurleri toplam
puanlari arasinda anlamli bir fark bulunmazken, 4. sinif 6grencilerinin toplam puanlari bu gruplardan
istatistiksel olarak anlaml derecede farkliydi (P =,001). Olumsuz tutumlar toplam puanina bakildiginda 5.
ve 4. sinif 6grencileri arasinda anlaml bir fark bulunmazken, dis hekimlerinin toplam puanlari istatistiksel
olarak anlamli farkl idi (P =,001). Bilgi-risk faktorleri ve bilgi-teshis prosedirleri toplam puanlari anlamli ve
pozitif yonde korelasyon gosterirken (r=.287, P<,05), olumsuz tutumlar toplam puani ile bilgi-risk faktorleri
toplam puani arasinda anlamli ve negatif korelasyon bulundu (r=.103, P<,05). Katihmcilar arasinda eski oral
lezyonun klinik 6zelliklerine iliskin eksiklikler gozlendi. Lokoplaki ve eritroplaki'nin kanser dncesi lezyonlara
doénlisme olasiligini en fazla diislinen grup %81,7 ile 5. sinif 6grencileri oldu. Katimcilarin ¢ogu, 6zellikle
AK ve tarama konusunda daha fazla egitime ihtiyaglari oldugunu belirtti.

Sonug: Arastirmada gruplarda AK konusunda eksiklikler gozlendi. Bu nedenle eksiklikler bolgesel ve ulusal
diizeyde kapsamli bir sekilde degerlendirilmeli ve giderilmelidir.

Anahtar Kelimeler: Dis hekimligi 6grencisi, dis hekimi, bilgi, agiz neoplazmalari, risk faktorleri, yassi hiicreli
karsinom

INTRODUCTION

Oral cancer (OC) is defined as any malignant neoplasm of the lips and oral cavity and is referred to by the
codes CO0-CO6 in the 10th revision of the International Classification of Diseases [ICD-10].%2 The global
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incidence of three type of cancer (lip, oral cavity, and pharyngeal
cancer), which accounts for 3.8% of all cancer cases, is projected to
increase by 62% by 2035 due to possible changes in demographic
characteristics.3 In a review of studies limited to Asian populations, the
prevalence of OC was reported as 8.5 per 100,000 people per year. In
most countries, mortality rates due to OC are estimated at 3-4 per
100,000 male and 1.5-2 per 100,000 female.2 Squamous cell carcinoma
(SCC), a particularly malignant type of this disease, accounts for more
than 90% of oral malignancies in the upper respiratory-digestive tract.>
5 In this type of cancer, the annual incidence of secondary tumors was
reported to be between 3% and 7%, an extremely high rate compared to
several malignancies.> In addition, precancerous malignant diseases
such as leukoplakia and erythroplakia are responsible for the increased
risk of cancer development.®

Early diagnosis is critical in OC. A diagnosis delayed by more than one
month significantly increases the risk of developing advanced OC.7 This
is because the likelihood of having advanced-stage cancer is 30% lower
in patients diagnosed early compared to individuals with delayed
diagnosis.” Insufficient knowledge about OC may also lead to delayed
diagnosis. It was proven that the diagnostic ability of primary health care
professionals is directly related to their knowledge regarding OC.2 In this
regard, dentists and dental students, who will be the future dental
health workforce, play a vital role. Since they can easily access the oral
cavity, they have an ideal advantage for opportunistic scans in
diagnosing OC. Consequently, reducing the diagnostic delay in OC or
precancerous lesions may be related to regular visits to dental clinics and
opportunistic screening.® Nevertheless, negative attitudes and
insufficient knowledge of the dentist may cause delayed diagnosis or
underdiagnosis of OC.

Deficiencies were found in informing patients about the risk factors
and symptoms of OC.1° According to a recent study conducted among
130 dentists, more than half of the participants reported that they did
not perform a special examination for identifying OC in asymptomatic
patients aged 40 years and older.!! The same participants reported that
lack of training was a critical factor in performing a thorough OC
examination.!! In addition, the studies conducted with dental students
and dental hygienists concluded that there were deficiencies in attitudes
and awareness regarding OC, and training programs should be
developed.12-16 These results suggest that there is an alarming lack of
awareness about OC.2 Consequently, this study aimed to evaluate the
knowledge and negative attitudes towards OC among dentists and 4th
and 5th-grade dental students actively treating patients and identify the
points considered insufficient. In this study, it was tried to determine the
differences or deficiencies in the performances of dentistry and 4th and
5th- grade dentists regarding OC.

METHODS

Ethics committee approval of this study was obtained from Van
Yuzuncu Yil University Non-Interventional Clinical Research Ethics
Committee with decision number 2023/07-11 (14.07.2023). The study
was designed as a joint study of the Periodontology departments of the
Faculties of Dentistry at Van Yuzuncu Yil and Firat Universities. After the
participants were informed about the purpose, scope, and method of
the study, participants who agreed to participate in the face-to-face
questionnaire were included. Dentists who did not agree to participate
in the study, who responded to the questionnaire incompletely, or who
did not actively treat patients for various reasons, and 1st, 2nd, and 3rd-
year dental students were excluded.

The first part of the questionnaire included questions on
demographic characteristics. The second part consisted of 10 questions
measuring participants' knowledge about OC risk factors (knowledge-
risk factors), the third part consisted of 5 questions measuring their
knowledge of OC diagnosis procedures (knowledge-diagnosis
procedures), and the final part consisted of 11 questions assessing
participants' attitudes towards OC (negative attitude). The questions of
the questionnaire were prepared from the questions used in previous
studies.10 1721 The study was initiated after 7 dentists and 12 dental
students who were not included in the study read the questions, and the
comprehensibility of the questionnaire was tested.

The questions regarding OC risk factors were answered as "yes, no,
or don't know." The responses of each participant were evaluated
separately, and the total score of the knowledge-risk factors was
calculated. Each correct answer was scored 1 point.22 The total score
represented the total score of OC-risk knowledge for that participant
(minimum 0, maximum 10 points). A higher score represented a higher
level of knowledge-risk factors.

In the questions on OC diagnosis, the responses of each participant
were evaluated separately, and the total score of the participant's
diagnostic knowledge was calculated by assigning 1 point for each
correct answer (minimum 0, maximum 5 points). A higher score
represented a higher level of OC-diagnostic knowledge procedures.

The answers to the questions assessing attitudes about OC were
given on a 5-point Likert-type scale, consisting of strongly agree, agree,
undecided, disagree, and strongly disagree.?? The total score for OC was
calculated based on the following points: Strongly agree=1, agree=2,
undecided=3, disagree=4, and strongly disagree=5 (minimum 11,
maximum 55). Therefore, a high score expressed the negative attitudes
of the participants about OC. A lower score represented a more positive
attitude towards OC.

Statistical analysis

Descriptive statistics for the continuous variables were presented as
mean, standard deviation, minimum and maximum values while count
and percentages for categorical variables. One-way ANOVA was
performed for the comparison of group means. Duncan multiple
comparison test was also used to identify different groups. Pearson
correlation analysis was carried out to examine linear relationships
among the continuous variables while Chi-square test was performed to
determine the relationship between categorical variables. In addition,
Non-linear principal component analysis was performed to determine
the configuration of the relationship between categories of variables in
2-dimensional space. Statistical significance level was considered as 5%
and SPSS (ver: 21) statistical program was used for all statistical

computations.

RESULTS

The study included 100 dentists (mean age 29.91 + 5.485), 186 5th-
grade students (mean age 23.24 + 1.144), and 131 4th-grade students
(mean age 22.46 + 1.223), totalling 417 participants (Table 1). The length
of experience was between 4.930 + 5.481 years (minimum 1 year,
maximum 35 years).

The data related to the mean total scores of knowledge-risk factors,
knowledge-diagnostic procedures, and negative attitudes among the
groups are presented in Table 1. Significant differences were found
between the groups in terms of the mean total scores (P=.001). While
there is no significant difference between dentists and 5th-grade
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students in knowledge-risk factors and knowledge-diagnostic
procedures total scores, the total score of the 4th-grade students was
statistically significantly different from these groups. Accordingly,
dentists and 5th-grade students achieved similar scores in knowledge-
risk factors total score and knowledge-diagnostic procedures total score,
while 4th-grade students scored lower. Looking at the negative attitudes
total score, there is no significant difference between 5th and 4th-grade
students, while total score of dentists was observed a statistically
significant difference. Accordingly, 5th and 4th-grade students had
similar total scores, while dentists scored significantly lower.

Table 1. The data related to the mean total scores of ages, knowledge-risk factors,
knowledge-diagnostic procedures, and negative attitudes among the groups

n Mean Std. Min. Max. P
Dev.
Age Dentists 100 | 29.91a| 5.485 22 59
Sth grade| 186 | 23.24b| 1.144 21 28
students .001*
4th grade| 131 | 22.46b| 1.223 20 28
students
Total 417 24.59 4.154 20 59
Knowledge | Dentists 100 | 8.05a 1.175 4 10
risk factors | 5th-grade 186 | 7.96a 1.438 0 10 .001*
(Total students
score) 4th-grade 131 7.10 b 1.528 1 10
students
Total 417 7.71 1.467 0 10
Knowledge | Dentists 100 3.17 a 1.111 0 5
diagnostic Sth-grade 186 | 3.16a | 0.951 1 5 .001*
procedures | students
(Total 4th-grade 131 | 1.80b | 1.286 0 5
score) students
Total 417 2.74 1.270 0 5
Negative Dentists 100 | 26.16 b | 6.055 12 41
attitude Sth-grade 186 | 28.02a| 5.802 11 43 .001*
(Total students
score) 4th-grade 131 | 27.82a| 6.119 13 49
students
Total 417 27.51 5.998 11 49

a, b: Different lowercase represents statistically significant differences among the
groups
Statistically significant difference at *P<.05

Categorical principal components analysis was conducted to
determine the structure of the relationship between the variables (the
explanatory value of the first dimension was 32.7% and the second
dimension 18.96%. The two dimensions had a total explanatory value of
51.66%) (Figure 1). According to the first dimension, female dentists
aged between 25 and 59 years tended to have lower negative attitudes
total scores and higher knowledge-diagnostic procedures and
knowledge-risk factors total scores. The 4th and 5th-grade dental
students tended to have lower scores in knowledge-diagnostic
procedures and knowledge-risk factors total scores and higher scores in
terms of negative attitudes total scores. In the second dimension, the
4th and 5th-grade male dental students between 20 and 24 years of age
were observed to have higher negative attitudes total scores.

While knowledge-risk factors and knowledge-diagnostic procedures
total scores were significantly and positively correlated (r=0.287, P<.05),
negative attitudes total score showed a significant negative correlation
with knowledge-risk factors total score (r=0.103, P<.05) and a non-
significant negative correlation with knowledge-diagnostic procedures
total score (r=0.035, P>.05) (Table 2, Figure 1).

The data related to the comparison of age and mean total scores
between genders within the group are presented in Table 3. As
presented in the table, no significant difference was observed between

genders among dentists regarding all three total scores. In 5th-grade
students, a significant difference was found in the mean total scores of
knowledge-diagnostic procedures and negative attitudes between
genders (P=.026, P=.037, respectively). Accordingly, female scored
higher in knowledge-diagnostic procedures and negative attitude total
scores compared to male. In 4th-grade students, a significant difference
between genders was found only in the mean total score of knowledge-
diagnostic procedures (P=.001). Accordingly, female scored higher in
knowledge-diagnostic procedures total score compared to male.

Table 2. Correlation between total score averages of knowledge-risk factors,
knowledge-diagnostic procedures and negative attitude

Knowledge-risk Knowledge-diagnostic Negative
factors (Total score) procedures attitude
(Total score) (Total score)
Knowledge-risk  factors 1
(Total score)
Knowledge-diagnostic 287" 1
procedures
(Total score)
Negative attitude -.103" -.035 1
(Total score)

Statistically significant difference at *P<.05

e 205 06

Figure 1. The relationship between the variables with categorical principal
components analysis

(KDP: knowledge-diagnostic procedures, KRF: knowledge-risk factors,

NA: negative attitude)

The responses to each question on knowledge-risk factors and
comparisons between groups are presented in Table 4. No statistically
significant difference was found between the groups in terms of
responses to the questions on smoking, autoimmunity, obesity, prior
oral cancer lesion, and chronic infection among OC risk factors. A
statistically significant difference was determined between the groups
in the responses to the questions about alcohol consumption, sun
exposure, viral infection (e.g., HPV), nutrition diet (e.g., low
consumption of fruits and vegetables), and advanced age (P<.05).

Responses regarding OC knowledge-diagnostic procedures and
comparisons between groups are presented in Figures 2 and 3. The most
common involvement sites of OC were reported as the floor of the
mouth and under the tongue by 71% of dentists, 52.7% of 5th-grade
students, and 34.4% of 4th-grade students. The group who considered
leukoplakia and erythroplakia most likely to become precancerous
lesions were the 5th-grade students by 81.7%. On the other hand, 49%
of the 4th-grade students responded with "Don't know." While the
majority of dentists (93%) and 5th-grade students (98.9%) responded to
the most common type of OC as SCC, only 44.3% of the 4th-grade
students responded the same, and 35.1% of the 4th-grade students
responded with "Don't know." According to 68.3% of the 5th-grade
students, the age group in which OC was most frequently diagnosed was
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Table 3. The data related to the comparison of age and mean total scores between genders within the group

Dentists n Mean Std. Dev. Min. Max. P
Age Female 55 29.91 5.264 22 46 999
Male 45 29.91 5.803 24 59
Total 100 29.91 5.485 22 59
Knowledge-risk factors Female 55 7.96 1.217 5 10 419
(Total score) Male 45 8.16 1.127 4 10
Total 100 8.05 1.175 4 10
Knowledge-diagnostic procedures Female 55 3.07 1.136 0 5 335
(Total score) Male 45 3.29 1.079 0 5
Total 100 3.17 1.111 0 5
Negative attitude Female 55 26.13 6.034 12 38 .953
(Total score) Male 45 26.20 6.148 12 41
Total 100 26.16 6.055 12 41
5th-grade students
Age Female 79 22.90 0.841 21 25 .001*
Male 107 23.50 1.269 21 28
Total 186 23.24 1.144 21 28
Knowledge-risk factors (Total score) Female 79 8.16 1.213 5 10 .100
Male 107 7.81 1.573 0 10
Total 186 7.96 1.438 0 10
Knowledge-diagnostic procedures Female 79 3.34 0.861 1 5 .026*
(Total score) Male 107 3.03 0.995 1 5
Total 186 3.16 0.951 1 5
Negative attitude Female 79 29.05 5.602 11 40 .037*
(Total score) Male 107 27.26 5.856 11 43
Total 186 28.02 5.802 11 43
4th-grade students
Age Female 65 22.29 1.271 20 27 124
Male 66 22.62 1.160 21 28
Total 131 22.46 1.223 20 28
Knowledge-risk factors (Total score) Female 65 7.20 1.416 5 10 .456
Male 66 7.00 1.636 1 10
Total 131 7.10 1.528 1 10
Knowledge-diagnostic procedures Female 65 2.23 1.196 0 5 .001*
(Total score) Male 66 1.38 1.237 0 5
Total 131 1.80 1.286 0 5
Negative attitude Female 65 28.03 5.291 17 41 .703
(Total score) Male 66 27.62 6.872 13 49
Total 131 27.82 6.119 13 49
Statistically significant difference at *P<.05
Table 4. The responses to each question on knowledge-risk factors and comparisons between groups
Group n (%)
Dentists 5th-grade students 4th-grade J
Smoking Yes 100 (100%) 184 (98.9%) 127 (96.9%)
No 0 (0%) 2 (1.1%) 4(3.1%)
| don’t know 0 (0%) 0 (0%) 0 (0%)
P=.133
Alcohol Yes 94 (94%) 168 (90.3%) 97 (74%)
No 4 (4%) 13 (7%) 17 (13%)
| don’t know 2 (2%) 5 (2.7%) 17 (13%)
P=.001*
Sun exposure Yes 76 (76%) 144 (77.4%) 66 (50.4%)
No 10 (10%) 12 (6.5%) 23 (17.6%)
| don’t know 14 (14%) 30 (16.1%) 42 (32.1%)
P=.001*
Viral infection (e.g. HPV) Yes 90 (90%) 170 (91.4%) 110 (84%)
No 3 (3%) 11 (5.9%) 6 (4.6%)
| don’t know 7 (7%) 5 (2.7%) 15 (11.5%)
P=.028*
Nutrition diet (e.g. low consumption of fruits and vegetables) Yes 67 (67%) 149 (80.1%) 92 (70.2%)
No 14 (14%) 20 (10.8%) 25 (19.1%)
I don’t know 19 (19%) 17 (9.1%) 14 (10.7%)
P=.025*
Advanced age Yes 80 (80%) 148 (79.6%) 73 (55.7%)
No 11(11%) 23 (12.4%) 26 (19.8%)
| don’t know 9 (9%) 15 (8.1%) 32 (24.4%)
P=.001*
Autoimmune Yes 92 (92%) 162 (87.1%) 110 (84%)
No 6 (6%) 6(3.2%) 6 (4.5%)
| don’t know 2 (2%) 18 (9.7%) 15 (11.5%)
P=.081
Obesity Yes 44 (44%) 101 (54.3%) 79 (60.3%)
No 24 (24%) 40 (21.5%) 26 (19.8%)
| don’t know 32 (32%) 45 (24.2%) 26 (19.8%)
P=0.152
Prior oral cancer lesion Yes 98 (98%) 176 (94.6%) 127 (96.9%)
No 0 (0%) 6(3.2%) 0(0%)
| don’t know 2 (2%) 4(2.2%) 4(3.1%)
P=.096
Chronic infection Yes 84 (84%) 143 (76.9%) 109 (83.2%)
No 7 (7%) 19 (10.2%) 8 (6.1%)
| don’t know 9 (9%) 24 (12.9%) 14 (10.7%)
P=.506

Statistically significant difference at * P<.05
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Table 5. The responses regarding attitudes about oral cancer and comparisons between the groups

Group Strongly agree Agree Undecided Disagree Strongly disagree
| report to my patients with suspicious oral lesions Dentists 70 (70%) 28 (28%) 1(1%) 1(1%) 0 (%)
5th-grade students 101 (54.3%) 70 (37.6%) 10 (5.4%) 5 (2.7%) 0 (%)
4th-grade students 70 (53.4%) 50 (38.2%) 10 (7.6%) 1(0.8%) 0 (%)
P=.05
| give my patients adequate information about oral cancer Dentists 16 (16%) 30 (30%) 30 (30%) 24 (24%) 0 (%)
risk factors 5th-grade students 28 (15.1%) 63 (33.9%) 65 (34.9%) 27 (14.5%) 3(1.6%)
4th-grade students 30 (22.9%) 44 (33.6%) 34 (26%) 22 (16.8%) 1(0.8%)
P=.231
| give my patients enough information about the signs and Dentists 11(11%) 29 (29%) 37 (37%) 23 (23%) 0 (0%)
symptoms of oral cancer 5th-grade students 20 (10.8%) 54 (29%) 70 (37.6%) 40 (21.5%) 2(1.1%)
4Ath-grade students 25 (19.1%) 43 (32.8%) 32 (24.4%) 28 (21.4%) 3(2.3%)
P=.145
I have received sufficient training to perform an oral cancer Dentists 12 (12%) 24 (24%) 33 (33%) 20 (20%) 11 (11%)
examination 5th-grade students 11 (5.9%) 22 (11.8%) 66 (35.5%) 63 (33.9%) 24 (12.9%)
4th-grade students 4(3.1%) 9 (6.9%) 39 (29.8%) 43 (32.8%) 36 (27.5%)
P=.001*
| received sufficient training for patient's lymph node Dentists 18 (18%) 37 (37%) 30 (30%) 8 (8%) 7 (7%)
palpation 5th-grade students 12 (6.5%) 54 (29%) 51 (27.4%) 47 (25.3%) 22 (11.8%)
4th grade students 5 (3.8%) 31 (23.7%) 34 (26%) 39 (29.8%) 22 (16.8%)
P=.001*
| request my patient for laboratory tests in case of Dentist 22 (22%) 28 (28%) 23 (23%) 19 (19%) 8 (8%)
suspicious lesions 5th-grade students 14 (7.5%) 41 (22%) 46 (24.7%) 46 (24.7%) 39 (21%)
4th-grade students 19 (14.5%) 46 (35.1%) 26 (19.8%) 28 (21.4%) 12 (9.2%)
P=.001*
I am knowledgeable about self-examination techniques for Dentists 7 (7%) 22 (22%) 25 (25%) 34 (34%) 12 (12%)
diagnosing oral cancer 5th grade students 10 (5.4%) 40 (21.5%) 55 (29.6%) 54 (29%) 27 (14.5%)
4th grade students 4(3.1%) 19 (14.5%) 40 (30.5%) 42 (32.1%) 26 (19.8%)
P=.439
| examine my patients aged 40 and over for oral cancer or Dentist 10 (10%) 18 (18%) 28 (28%) 34 (34%) 10 (10%)
refer them to a specialist for this examination. 5th-grade students 15 (8.1%) 39 (21%) 51(27.4%) 67 (36%) 14 (7.5%)
4th-grade students 13 (9.9%) 46 (35.1%) 29 (22.1%) 32 (24.4%) 11 (8.4%)
P=.082
| refer my patient with suspicious lesion to the oral and Dentists 62 (62%) 28 (28%) 3 (3%) 5 (5%) 2 (2%)
maxillofacial surgery department 5th-grade students 82 (44.1%) 88 (47.3%) 6(3.2%) 10 (5.4%) 0 (0%)
4th-grade students 47 (35.9%) 63 (48.1%) 11 (8.4%) 8 (6.1%) 2 (1.5%)
P=.002*
I refer my patient with suspicious lesion to the Dentists 38 (38%) 30 (30%) 11 (11%) 15 (15%) 6 (6%)
periodontology department 5th grade students 54 (29%) 94 (50.5%) 23 (12.4%) 14 (7.5%) 1(0.5%)
4th grade students 48 (36.6%) 64 (48.9%) 10 (7.6%) 6 (4.6%) 3(2.3%)
P=.001*
Dentists need more education about and screening for oral Dentists 76 (76%) 21 (21%) 3 (3%) 0 (0%) 0 (0%)
cancer 5th-grade students 134 (72%) 42 (22.6%) 6(3.2%) 2 (1.1%) 2 (1.1%)
4th-grade students 95 (72.5%) 29 (22.1%) 4(3.1%) 1(0.8%) 2 (1.5%)
P=.951

Statistically significant difference at * P<.05
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Figure 2. Responses regarding OC knowledge-diagnostic procedures and
comparisons between groups

40-60 years, while this rate was 48.1% among the 4th-grade students
and 61% among dentists. The clinical features of the prior OC lesion were
described as a "small, painless, and red area" by 31% of the dentists,
16.7% of the 5th-grade students, and 18.3% of the 4th-grade students.
The responses regarding attitudes and comparisons between the groups
are presented in Table 5. Among the participants, 33% of the dentists
and 35.5% of the 5th-grade students responded to having received
sufficient training for an OC examination with "undecided," while 32.8%
of the 4th-grade students responded with "disagree." While 37% of
dentists and 29% of the 5th-grade students agreed that they had
sufficient training on lymph node palpation, 29.8% of the 4th-grade
students disagreed. The most common response to requesting
laboratory tests in case of suspicious lesions was 'agree' among dentists
and the 4th-grade students, whereas it was 'undecided' and 'disagree’
among the 5th-grade students. In all three groups, the majority of the
participants responded with "strongly agree" to the need for further
training.
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What is the most common type of oral cancer?
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Figure 3. Responses regarding OC knowledge-diagnostic procedures and
comparisons between groups

DISCUSSION

This study aimed to investigate the knowledge and attitudes of
dentists and dental students about OC and identify the deficiencies.
When the negative attitude total score was examined, it was observed
that there was a statistically significant difference between the total
score of dentists. The 4th-grade students were observed to be
insufficient in questions about the risk factors and in terms of the total
score. Insufficiency was observed in some responses. Most participants
expressed the need for further training on OC and screening.

The risk factors regarding OC have been listed as smoking, alcohol
consumption, human papillomavirus (HPV), and chronic inflammation.>
23 Autoimmune-related diseases have also been associated with an
increased risk of OC.2* Diet and nutrition have been reported to be
associated with the risk of cancer development.?> Frequent
consumption of some fruits and vegetables has been associated with a
reduced risk of OC and pharyngeal cancer.?> Excessive sun ultraviolet
(UV) light has been reported as a cause of lip cancer and actinic cheilitis,
which can develop into oral SCCs.25 In addition, OC has been reported to
be more common in individuals over 40 years of age compared to

younger individuals.> The practitioners’ knowledge-risk factors about OC
coincided with previous studies.1%18 However, 4th-grade students were
found to be incompetent in our study, particularly regarding the
questions on risk factors and the total score.

The most common site prevalence of OC may vary according to
countries, habits, and geographies. While the tongue accounts for 40-
50% of OC in Europe and the USA, the buccal mucosa has been reported
as the most common site of OC in Sri Lanka.2 In this study, dentists
reported the floor of the mouth and under the tongue as the most
common sites of OC by 71%. This percentage was lower among dental
students. It was determined as 37.1% by Kebabcioglu and Pekiner,® and
85% by Joseph et al.20 among the dentists. On the other hand, Keser and
Pekinerl8 reported this rate as 44.4% among the 5th-year students.

Leukoplakia and erythroplakia have been considered among the
potential malignancy diseases of the oral mucosa.® 2 In a study
conducted in Italy, 53.8% of dentists responded the same while,2¢ Joseph
et al.2 reported as 93.2%. According to Clovis et al.,2” 76% of participants
reported that these two lesions were the most likely to be associated
with OC, regardless of the rank order. In our study, 61% of the dentists
and 81.7% of the 5th-grade students reported these two diseases as
precancerous lesions. On the other hand, this rate was determined to be
lower among the 4th-grade students.

SCCis the most common malignant type of cancer of the oral cavity.>
Taneja et al.2® reported this rate among dental graduates as 48%,
Kebabcioglu and Pekiner as 64.7%,9,Collela et.al.26 as 50.5%, and Clovis
et al.?7 as 83.4%. In our study, both in the dentists and the 5th-grade
students, the majority responded correctly. Nevertheless, the rate of
correct responses was 44.3% and responses with "Don't know" was
35.1% among the 4th-grade students.

According to the 2005-2017 records of a cancer center, the majority
of patients diagnosed with OC were over 45 years of age.? In our study,
the most common response to the age group in which OC was diagnosed
most frequently was between 40 and 60 years of age in all three groups.
It was also the most common response in the studies conducted by
Kebabcioglu and Pekiner!® and Keser and Pekiner.18

The diversity of responses in our study regarding the clinical features
of the prior oral lesion was noteworthy. While the dentists responded
with three different options, the most common response among the 4th
and 5th-grade students was a "small, painless, and white area."
Kebabcioglu and Pekinerl® reached similar conclusions to our study.
Clovis et al.?’ reported that the majority of the participants (77.3%)
responded correctly to the emergence of early OC lesions as "small,
painless, and red lesions."

In our study, the most common response to receiving sufficient
training to perform OC examination was "undecided" among the
dentists and the 5th-grade students, whereas it was "disagree" among
the 4th-grade students. In a study conducted in our country, 69.3% of
those who graduated before 2000 and 41.3% of those who graduated
after 2000 reported as 'weak or very poor' for the education they
received at university on OC.3% According to these results, it can be
expressed that participants need various arrangements regarding OC
education.

The percentage of participants who agreed that the patient was
sufficiently trained on lymph node palpation was high among the
dentists and the 5th-grade students; however, the response with
"disagree" was more common among the 4th-grade students. In a study
involving intern dentistry students and academic staff, the majority of
participants stated that they had received sufficient training for lymph
examination.3! The low number of participants in this study may have
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caused a difference from our results. In additional, half of the dentists
had positive attitudes (strongly agree and agree) towards requesting
laboratory tests in case of doubt, while the rate of participants with
positive attitudes was higher among the 4th-grade students compared
to the 5th-grade students.

Most participants in this study indicated their need for further
training, especially on OC and screening. Similar to our study, previous
study can be cited.32 Thus, it can be mentioned that training and courses
on this subject should be held regularly.

Several limitations of our study, such as the lack of comparison
between the specialties of dentists, the limited number of participants,
the lack of visual data to test diagnostic skills, the limited number of
questions to assess knowledge and attitudes, and the unknown
prevalence of OC in the community, should be noted. Therefore, our
results cannot be generalized, and further studies are necessary.

According to the results of our study, knowledge-risk factors and
knowledge-diagnostic procedures total scores were positively
correlated; however, both mean total scores were negatively correlated
with the total score of the negative attitudes. The 4th-grade students
were observed to be insufficient in questions about the risk factors and
in terms of the total score. The group who considered leukoplakia and
erythroplakia most likely to become precancerous lesions were the 5th-
grade students. Deficiencies were observed regarding the clinical
characteristics of the prior oral lesion. Most participants expressed the
need for further training on OC and screening.

In conclusion, OC is a disease that increases the global burden of
cancer; therefore, it should be assessed comprehensively at regional and
national levels, and deficiencies should be addressed through effective
planning. These deficiencies can be eliminated by focusing on this
subject in the undergraduate curriculum and providing professional
development courses.
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Obstruktif Uyku Apnesine Ortodontik
Yaklasim

Orthodontic Approach to Obstructive Sleep Apnea

(074
Yagmur YAPICI insan yasaminin biiyiik bir cogunlugunu olusturan uyku; kisinin fizyolojik, sosyal ve psikolojik durumunu
tistanbul Universitesi, Dig Hekimligi Fakultesi, onemli Olglide etkilemektedir. Solunumla iliskili uyku bozukluklarindan en yaygin gorileni obstriktif uyku
Pedodonti Anabilim Dall, Istanbul, Tarkiye apnesi sendromunda Ust solunum yollarinda hava akisi uyku boyunca aralikh olarak kesilmektedir. Bunun
Elif Dilara SEKER? sonucunda gilin iginde asiri uykulu olma hali, hormonal dengenin bozulmasi ve motor fonksiyonlarin
2 gezmiaelem Vakif Universitesi, Dis Hekimligi azalmasi gorilmektedir. Hastanin yasam kalitesini 6nemli 6lglide diisiiren ve gesitli hastaliklara yatkinligini
Fakiiltesi, Ortodonti Anabilim Dali, istanbul, arttiran obstriiktif uyku apnesinin tespiti oldukga mihimdir. Obstriktif uyku apnesi tedavisinde ilk olarak
Turkive bu hastaliga yol agan baslica etkenlerin kaldirilmasi gerekmekte ve bunun igin hastaligin predispozan

faktorleri ve semptomlarinin farkinda olarak dogru teshis konulmasi gerekmektedir. Bu galismanin amaci
obstriiktif uyku apnesi sendromunun etiyolojisi, klinik tablosu ve tedavi segeneklerinin degerlendirilmesidir.
Pubmed, Dentistry&Oral Science, Medline ve Google Akademik veritabanlari lizerinden “Apne, obstriiktif
uyku apnesi sendromu, polisomnografi, oral apareyler, mandibulay ilerletici aparey” anahtar kelimeleri
kullanilarak kaynaklar incelendi.

Her gegen giin insidansi artmaya devam eden obstriiktif uyku apnesi dnemli bir halk saghgi problemi haline
gelmekte ve multifaktoriyel bir etyolojiye sahip oldugu igin obstriiktif uyku apnesi hastalarina multisipliner
teshis ve tedavi yaklagimi uygulanmasi gerekmektedir.

Oral apareyler hafif-orta siddetli obstriktif uyku apnesi vakalarinda yiiksek basari orani géstermistir. Etkin
oral aparey tedavisi igin hasta ve aparey tipi se¢cimi onem tasimaktadir.

Anahtar Kelimeler: Uyku apnesi, obstriiktif; horlama; ortodonti; polisomnografi; ortodontik aletler, hareketli
aygit; mandibula ilerletmek.

ABSTRACT

Sleep, that is one of the most critical factors for human life; affects the physiological, social and
psychological condition of a person. In obstructive sleep apnea syndrome, which is the most common
respiratory-related sleep disorder, air flow in the upper respiratory tract is intermittently interrupted during
sleep. Thus, excessive daytime sleepiness deterioration of hormonal balance and decreased motor function
are observed. Diagnosing the obstructive sleep apnea which significantly reduces the patients' quality of
life and increases their susceptibility to various diseases, is highly critical. The main factor in the treatment
of obstructive sleep apnea is to eleminate the etiological factor. Therefore, diagnosis should be made
accurately based on the crticial evaluation of predisposing factors and symptoms of this disease. The aim
of this study is to evaluate the etiology, clinical picture and treatment options of obstructive sleep apnea

syndrome.
Gelig Tarihi/Received 18.08.2021 Resources were reviewed using the keywords "Apnea, obstructive sleep apnea syndrome,
Revizyon Talebi/Revision polysomnography, oral appliances, mandibular advancement splint" on Pubmed, Dentistry & Oral Science,
geqﬁ‘:“’ed Last Revis ;88?;82 Medline and Google Scholar databases.
on Revizyon/Last Revision Ul g c a a q
Kabul Tarihi/Accepted 91.01.2022 The prevelance of obstructive sleep apnea has steadily increase. Therefore it has become an important

Yayin Tarihi/Publication Date ~ 20.01.2025 public health problem. Obstructive sleep apnea has a multifactorial etiology, a multidisciplinary diagnosis
and treatment approach should be applied to patients with obstructive sleep apnea.

Oral appliances have a high success rate in cases of mild to moderate obstructive sleep apnea. However,
appropriate indication and appliance type selection is critical for effective treatment of obstructive sleep
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hipopnelerin her saat basina diisen sayisini ifade etmektedir. Obstriiktif
uyku apnesi sendromu (OUAS) igin tani kriterleri, gece monitorizasyonu
ile belirlenen 5 veya daha fazla AHi ve yeterli gelmeyen uyku, giindiiz
uykululugu veya diger glindliz semptomlarini icermektedir. OUAS siddeti
AHi’ye bagl olarak; hafif siddetli OUAS 5<AHi<15, orta sidddetli OUAS
15<AHi<30 ve siddetli OUAS AHIi>30 olarak ii¢ grupta siniflandiril-
maktadir.12

OUAS prevelansi yaklasik olarak erkeklerde %4, kadinlarda %2
oraninda degismekte ve obezitenin pandemik boyutta her gegen giin
artmasiyla birlikte OUAS insidansi artis gostermektedir.34

OUAS igin risk faktorleri

Obezite, erkek cinsiyeti, ileri yas ve genetik OUA’nin toplumda
gorilme sikhgini arttiran baslica faktérlerdendir. Ozellikle boyunda, Gist
viicut ve abdominal bolgede yag birikmesi ile karakterize santral obezite;
QUAS ile en sik gorilen obezite tiiri oldugu belirtilmistir.3

Ust solunum yollarinin yapisi, aktivitesi, kraniyofasiyal morfoloji ve
yag birikimi tipi iki cinsiyet arasi farkliik géstermektedir. Onemli risk
faktorlerinden olan alkol ve sigara kullaniminin erkeklerde fazla olmasi
nedeniyle prevelansin erkeklerde daha yiiksek ¢iktigi dustinilmektedir.
Ayrica uyku ile iligkili solunum bozukluklarinin insidansi artan yas ile artis
gostermekte; bunun nedeninin ise yas artisiyla birlikte hipoksiye verilen
cevap sonucu solunum yolunun stabilitesi ve farengeal kaslarin aktivitesi
azalmaktadir.2>

OUA gelisimi ve siddeti Ust solunum vyolu hacmini etkileyen
kraniofasiyal yapilarin ve farengeal yumusak dokularin anatomisine
baglidir. Boyun gevresi 6nemli bir risk faktori olup kadinlarda 38 cm ve
erkeklerde 43 c¢cm Usti OUA gelisimi ve siddetlenmesi igin risk tegskil
etmektedir.® Mallampati skoru 3-4, blyik uvula, adenoid hipertrofisi,
makroglossi, yuksek maksiller ark, retrognati, mikrognati ve burun
tikanikligina neden olan septum deviasyonu, polip, konka hipertrofisi
gibi anomaliler Gst hava yolu obstriiksiyonun anatomik nedenleridir.”

Alkol, sedatif ve hipnotik etkili ilaglar Ust solunum yolundaki faren-
geal dilatator kasin ndromuskuler aktivitesini baskilayarak apne gelisme
riskini arttirmakta ve tablonun agirlasmasina neden olmaktadir.> Sigara
kullanan OUA hastalarinda; sigara kullanmayan OUA hastalarina oranla
uvula mukozasinda kalinlasma, 6dem ve inflamasyonun daha belirgin
oldugu ve ¢ok sik sigara igen kisilerde horlamanin daha sik goruldigu
vurgulanmistir.®

OUAS’In saghik iizerindeki major etkileri

OUA yetiskinlerde 6liime yol agan hipertansiyon, kardiyovaskdler ve
serebrovaskuler hastaliklarla iliskili oldugu belirtilmistir.> Hastalar giin
icinde uykulu durumda oldugu igin bilissel fonksiyonlarinin diismesiyle
birlikte trafikte ve is yerlerinde birgok ciddi sakatlanma ve 6lim meydana
gelebilmektedir.?

Kardiyovaskiiler hastaliklar

Birgok fizyolojik mekanizma OUA’ya akut ve kronik olarak hemodi-
namik bir yanit vermektedir. OUA olgularinda ortaya gikan hipoksemi,
sempatik sinir sisteminin aktivasyonu, kan basincinin yikselmesi, oksi-
datif stresin ve inflamasyonun artmasi gibi gorilen fizyopatolojik olaylar
kardiyovaskiler hastalik riskini arttirmaktadir.® Apne bitiminde oksijen
satlirasyonu en disik seviyedeyken tasikardi ve artmis kan basinci ile
birlikte miyokardial oksijen ihtiyaci dogmasi sonucunda disritmiler,
koroner kalp rahatsizhigi, kalp yetmezligi, miyokard infarktiisii veya inme
ile birlikte ani 6limler gergeklesebilmektedir.210

Psikiyatrik hastaliklar

Tedavi edilmemis OUA’nin, depresyon ve aksiyete gibi bir¢ok psiki-
yatrik bozuklukla iliskili oldugu ve OUA hastalarinda sik goriilen giin igi
asiri uykululuk hali mental hastaliklar igin ana risk faktord oldugu belirtil-
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mistir. Uykululuk hali, yorgunluk, asabiyet, uyku béliinmeleri, psikomo-
tor becerilerde ve konsantrasyonda azalma depresyon ve OUA'nin ortak
semptomlandir.1?

Endokrin ve metabolik problemler

OUA’da uyku stiresi ve kalitesi azaldigindan dolayr metabolizma
indirekt olarak etkilenmesiyle birlikte insilin direnci, sempatik
aktivasyon, kortizol seviyeleri artmakta ve plazmadaki leptin-ghrelin
hormonlarinin seviyelerinin dismesiyle de istah artmaktadir. OUA
hipoksi ve uyku bolinmelerine sebep olarak obezite ve diabetus mellitus
tip 2’ye yol agabilmektedir.212

Trafik kazalar

OUA hastalarinda aralikli hipoksemi ve uyku yoksunluguyla birlikte
beyindeki prefrontal ve frontoparietal bélgelerinin aktivasyonu azalmasi
sonucu yonetici islevler bozulmakta, kognitif ve psikomotor performans
diismektedir. OUA’I hastalarin uykulu ve bitkinken araba kullanmasi
durumunda dikkat, karar verme yetenegi ve atiklik dustGgl igin
direksiyon basinda kaza yapma olasiligi arttigi belirtilmistir.13

Yasam kalitesinde azalma

Hipoksiyle birlikte gérilen frontal lob disfonksiyonu sonucu motor
beceriler, 6grenme, kisa ve uzun sureli bellek fonksiyonundaki bozulma-
lar sonucu birtakim kisilik degisiklikleri ortaya g¢ikabilmektedir. OUA
hastalari aile bireyleri tarafindan huysuzluk, asabiyet, anksiyete ve dep-
resyon gibi karakter degisimleri gozlenmekle birlikte hastalar yaptiklari
aktivitelerden zevk alamamaktadir.14

OUAS’In Teghisi

Anamnez ve klinik muayene

OUA'nin dogru, hizl teshisi ve erken tedavisi ile OUA'nin neden
oldugu komplikasyonlardan kaginmak mimkin olmaktadir. Dis heki-
minin hastayi apne agisindan stipheli olarak tanimlayabilecek risk faktor-
lerini fark edebilecegi; ayrica disle ilgili predispozan faktorlerin degerlen-
dirmesine ve vakaya yonelik multidisipliner tedavi olusturulmasina katki
sunabilecegi igin OUA vakalarinin dis hekimi ile konsilte edilmesi gerek-
liligi vurgulanmistir. Hasta polisomnografi (PSG) igin konsiilte edilmeden
once dis hekimleri klinik belirti ve semptomlari degerlendirmeli ve OUA'-
nin ayirt edici 6zelliklerini sorgulamalidir. Horlama, apne, agiz solunumu,
konsantrasyon gugliigli, performans disikligi ve uyku bruksizmi hak-
kinda sorular sorularak uyku durumuna iliskin bilgiler elde edilmelidir.

OUA, prevelansi yiiksek bir hastalik oldugu igin hastalar genellikle
uyku problemlerini normal karsilayarak herhangi bir hekime bagvurma-
maktadir. Uyku apnesinin bulgulari ve semptomlari olan horlama, tanik
olunan apne, soluk kesilmesi, obezite, hipertansiyon, giin ici asiri uyku
hali, aile 6ykusd, gegirilmis tonsillektomi ve dinlendirmeyen uyku sorgu-
lanmaldir.67.15 Anamnez alinirken hastanin partneriyle de gériisme
yapilmalidir. Clinkii hastalar genellikle gece boyunca horlama ve uyan-
malarinin farkinda olmamakla birlikte uyurken solunumun durmasi
partnerin siklikla sahit oldugu, uyku klinigine esas basvuru sebebi oldugu
belirtilmistir. Hastalar uyku esnasinda nefes darligi ve bogulma hissiyle
uyanmaktan sikayet edebilmektedir.1516

Horlama, 6zellikle supin pozisyonda Ust solunum yolunun kritik dere-
cede daralmasliyla ortaya ¢ikmakta ve altta yatan hastaligin patofizyo-
lojisini yansittigi icin onemli bir belirte¢ oldugu vurgulanmaktadir. OUA
hastalarinin %95’inde gorilen horlama, apneye en sik eslik eden
semptomdur ve yas, kilo artmasiyla birlikte toplumda goriilme sikhig
artmaktadir. Fakat horlamanin OUA’ya spesifik olmadigi bildirilmistir.616

Klinik muayeneyle birlikte obstriiksiyonun hangi seviyede meydana
geldigi ve predizpozan faktorler tespit edilmektedir. Boy, kilo, VKI, bo-
yun gevresi Olgllerek; oral kavite muayenesiyle tonsil biyukligi, yumu-
sak damak, uvula uzunlugu, kalinhg, dil blyukliga, mandibula ve okliiz-
yon incelenmelidir. Hasta dik pozisyondayken boyun cevresi 6lglimi
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yapilmalidir. 48 cm’den genis boyun ¢evresi OUA igin yiksek risk faktori
oldugu vurgulanmistir.1516

Orofarinks muayenesiyle yumusak doku biyimesi ve hava yolu
genisligi kontrol edilmektedir. OUA hastalarinda yumusak damak kalin
ve daha posteriorda konumlanmis; lateral duvarlar hacimli kivrimlar
seklinde ve uvula kalin, uzun olarak gorilebilmektedir. Tonsil ve Mallam-
pati derecelendirmesinde sinif arttikga hava yolu voliumi kaybi da
artmakta ve sert damak ytksek, dar olabilmektedir.1> Hasta profilinin
maksillofasiyal gelisimsel bozukluklarinin anlasiimasi igin incelenmesi
gerekmektedir. Mandibular retrognati varligi hasta dik otururken,
Frankfort horizontal diizleminde iken incelenmektedir. Posterior hava
IGmenini daraltan retrognati gibi olgularin varliginda sefalometrik 6lglim
yapilarak daha ayrintili ve kesin bir sonug elde edilebilmektedir.17-1°

Sefalometrik degerlendirme

OUAS’da fiziksel muayeneye ek olarak solunum yolunun incelenmesi
icin fiberoptik faringoskop, ultrasonografi, bilgisayarli tomografi, man-
yetik rezonans goriintiileme ve lateral sefalometri kullaniimaktadir.
Lateral sefalometik radyografi dental, maksillofasiyal malformasyonlar
ve Ust solunum yolundaki obstriiksiyon nedeninin belirlenmesinde kulla-
nilan bir gorintileme yontemi olmakla birlikte mandibula, maksillanin
kranial kafa tabanina gére konumu, yumusak doku durumu ve posterior
havayolu boslugu 6lgllebilmektedir.41>

Birgok OUA hastasi farengeal yag birikiminden dolayi dar st solu-
num yoluna sahip olabilmektedir. Hyoid ile mandibula dizlemi ve 3.
servikal vertebra (C3) arasi uzaklik OUA hastalarinda artmakta ve hyoidin
asagida konumlanmasi sonucu dilin biliylk bir bolumi hipofarengeal
alanda toplanmakta ve obstriiksiyon daha kolay ortaya ¢ikmaktadir. Dili
disari ¢ikarmak ve 6ne almak igin daha fazla enerji harcanmasi durumu
agiz acik uyumaya sebep olarak apneyi kotilestirmektedir. Mandibuler
retrognati OUA gelisimi ve siddetinin artmasinda bir risk faktorudur.4

Sefalometri ile posterior farengeal duvar, yumusak damak ve dilin
tabani gibi yumusak dokular da incelenebilmektedir. Dilin tabani ile
posterior farengeal duvar arasindaki posterior solunum yolu boslugu
OUA hastalarinda normale gore dar oldugu belirtilmektedir. Posterior
nasal spinadan posteriora dogru takip edilerek yumusak damagin uzun-
lugu saptanabilmekte; yumusak damak uzunlugunun ise OUA hasta-
larinda artmis oldugu gorilmektedir. SNB agisi 78 dereceden az oldu-
gunda gozlenebilen mandibular retrognati OUA gelisimi ve siddetinin
artmasinda risk faktoru olarak belirtiimektedir. Posterior solunum yolu
boslugu OUA hastalarinda farengeal yag birikiminden dolayi normale
gore dardir. Ayrica OUA hastalarinda yumusak damak uzunlugu
artmigtir, 417,18

Endoskopik tani

Ust solunum yolundaki kolaps farenksin bircok bélgesinde gercek-
lesmesinden dolayi obstriksiyonun meydana geldigi birden fazla bolge-
den cerrahi miidahalenin yapilmasi gerekebilmektedir. Kollapsin meyda-
na geldigi bolgeyi bulmak icin KBB uzmani tarafindan fleksibl fiberoptik
endoskopiyle birlikte Miller Manevrasi kullaniimaktadir.1?

Polisomnografi

Anamnez ve klinik muayene sonucu eger OUA’dan siipheleniliyorsa
hasta goglis hastaliklari uzmani tarafindan uyku laboratuvarina yénlen-
dirilmektedir. OUAS tanisinda altin standart olan polisomnografi diger
uyku bozukluklarinin teshisinde de kullanilabilmektedir. Polisomnogram,
bir gece boyunca hasta uyurken fizyolojik verilerin es zamanl ve
kesintisiz bir sekilde kaydedilmesinden elde edilmektedir. Elde edilen
veriler temel olarak 3 gruba ayrilmaktadir: kardiyak aritmiyi tespit eden
veri (elektrokardiyografi), uykuyu tespit etmeye yarayan veriler (elektro-
okulografi, elektromyografi ve elektroensefalografi) ve solunumu kayit
altina alan veriler (torako-abdominal efor, oksimetre ve burun agiz solu-
numu). PSG en az 3 saatlik uyku dahil olmak lzere en az 6 saat stirmek-
tedir.27,15.16 polisomnografi testi siresince tespit edilen en az 10 sn sliren

hava akisi kesilmesi ile birlikte, hava akisinda en az %30'luk bir diisUs ile
ardindan en az %4'liik bir oksihemoglobin desatiirasyonu; veya hava
akisinda %30’luk disds ile oksijen satiirasyonunda en az %3'lik bir diists
veya bir arousal skoru apne olarak tanimlanmaktadir. Hastada apne veya
hipopne siiresi ¢cok degisken olmakla birlikte dakikalarca sirebilmek-
tedir.l AHi skoruna bagl olarak tip hekimi hastayi ileri tedavi secenekleri
ve oral aparey acisindan degerlendirilmesi icin ortodontiste yonlen-
dirmektedir.

OUAS’in Tedavisi

OUA tedavisindeki asil amag uyku sirasinda olusan st solunum yolu
kollapsini azaltip elimine etmektir. OUA’nin etkin tedavisi hastanin aldig
genel onlemler, medikal cihazlar, oral apareyler ve cerrahi yaklasim-
lardan olusmaktadir.1>:18

Genel 6nlemler

OUA olan hastalar degerlendirildikten sonra hangi tedavinin tercih
edilecegi hastaligin siddetine, hastanin klinik durumuna ve tercihlerine
bagh olarak degismektedir. Genel 6nlemler ve yasam tarzi degisiklikleri
tim hastalar tarafindan benimsenmesi ve uygulanmasi gerekmek-
tedir.618

Kilo vermeyle birlikte obez hastalarda AHIi skoru diiserek semptom-
lar azaldigindan dolayi diyet ve dizenli egzersiz tim kilolu apne hasta-
larina 6nerilmelidir.2® Alkol, sigara, sakinlestirici ve kas gevseticiler Ust
solunum yolu kaslarinin tonusunu azalttigindan dolayi hastalarin bunlar-
dan kaginmasi gerekmektedir.’> Supin pozisyonda yatmak Ust solunum
yolunu daraltarak apne siddetini arttirabilmektedir. Bu nedenle sirt
arkasina yastik konulmasi veya sirta tenis topu gibi bir engel baglanmasi
onerilmektedir.261> Uyku hijyeninin saglanmasi kaliteli ve yeterli uyku
alinmasi igin sarttir. Bunun igin yatak rahat ve yatak odasi ilik, sessiz ve
karanlk olmali ve hasta uykudan 6nce kafeinli icecek ve diger uyarici
maddeleri kullanmamalidir.1520

Pozitif hava yolu basinci tedavisi (PAP)

Herhangi bir siddetteki semptomatik OUA’nin altin standart tedavi
yéntemi devamli pozitif havayolu basincidir (Continuous positive airway
pressure-CPAP).26 CPAP tedavisinde Ust solunum yoluna sikistiriimis
hava pozitif basingla devamli olarak verilerek akciger voliminin ve
fonksiyonel rezidiel kapasitenin artmasi saglanarak st solunum yolu
acik tutulmaktadir. Pozitif basingli hava burun veya hem burun hem agzi
iceren bir maske araciligiyla verilmektedir. CPAP hastaligin siddeti, Ust
solunum yolu kollapsinin bdlge ve kiloya bagli olmaksizin ¢ogu hastada
etkili oldugu belirtilmistir. Elde edilen yarar hastanin tedaviyi devam
ettirmesine bagh olmakla birlikte mukozal kuruluk, burun tikanmasi,
irritasyon gibi nedenlerle hastalarin yarisi bu tedaviyi tolere
edememektedir.42!

Oral apareyler

QUAS teshisi konulmus hastalar hem tip hekimleri ve hem de
ortodontistler tarafindan multidisipliner bir degerlendirmeye tabi
tutulmalidir. Noninvaziv, disik maliyetli ve geri dontisimi olan bu oral
apareyler horlama ve OUA tedavisinde kullaniimaktadir. 22

Disiik-orta AHi skorlu, CPAP tedavisine alisamamis, basit horlamasi
olan, genel nlemleri uygulayamamis ve viicut kitle indeksi diisik OUAS
hastalarinda oral aygitlar endikedir.223 Oral apareylerin kullanimi AHi
skorunu ve arousal sikhgini distirmekte ve oksijen satlirasyonunu
arttirmaktadir. Fakat oral apareylere oranla CPAP ile OUA hastalarinda
iyilesme daha ¢ok gergeklestiginden dolayi ilk tedavi yontemi olarak
CPAP denenmelidir.2*

OUA tedavisinde gesitli tiplerde oral apareyler kullaniimaktadir. Oral
apareyler baslica 3 gruba ayrilabilir. Bunlar yumusak damak kaldirici, dil
tutucu aparey ve mandibulayi ilerletici apareylerdir.22
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Yumusak damak kaldirici aparey (soft palate lifters- SPL)

SPL, uyku esnasinda yumusak damagi kaldirarak hava yolunda
titresmesini onlemektedir. Horlamaya karsi basarili bulunsa da OUA
tedavisinde yeterli basariyi saglayamamistir. Bu nedenle ginimizde
kullanimi olmadigi belirtilmistir. 25

Dil tutucu apareyler (tongue retaining devices-TRD)

TRD mandibulayl anterior konuma almadan dili 6nde tutarak solu-
num yoluna kollapsini 6nlemekte ve bdylece dilin farengeal alandan
uzaklasmasini saglayarak st solunum yolunu genisletmektedir. Anterior
dislerin arasindan ¢ikan yuvarlak balon sekilli yumusak tipun igine dil
yerlestiriimekte ve negatif basing ile ylzey adezyonu sayesinde dil 6nde
sabitlenmektedir. Agiz solunumu yapan hastalar igin TRD kullanimi zor
olabilmekte ve dil zamanla irrite olabilmektedir. Tek basina kullanimi
onerilmemekle birlikte diger tedaviler esliginde kullanilabilmekte-
dir.20,25,26

Mandibulayi ilerletici apareyler (mandibular advancement devices-
MAD)

MAD gece uykuda kullanilan, noninvaziv, uygun fiyath, hafif-orta
siddetli OUA tedavisinde pozitif etkileri olan ve CPAP tedavisini tolere
edemeyen hastalara kullanilabilen alternatif bir tedavi yontemidir.2.20.24
MAD gece boyunca mandibulayi anterior pozisyonda tutarak
orofarengeal ve hipofarengeal hava yolu boslugunu arttirmakta ve dil ile
yumusak damagin posterior farengeal hava yoluna kollapsini
engellemektedir.2>

MAD maksiller ve mandibular arktan destek alir. Aparey kisiye 6zel,
prefabrike, rijit veya aktive edilebilen olarak tasarlanabilmektedir.?’
MAD'In kisiye 6zel ve aktive edilebilen sekilde tasarlanmis olmasi AASM
tarafindan onerilmektedir (Sekil 1).232¢ Hastanin dentisyonu, sert ve
yumusak doku anatomisi apareyin dizayninda géz 6nine alinmalidir.2”

" ey

s

Sekil 1. Aktive edilebilen MAD apareyi

Oral aparey kullanimina karar verilmeden once hastanin ayrintili
dental muayenesi yapilmasi gerektigi vurgulanmistir. Oncelikle MAD
kullanimi i¢in hastanin her bir arkta 6-8 disi olmalidir.2” Eger hastanin
6’dan az disi var ise zamanla aparey dislerde hareket ve mobiliteye sebep
olacaktir. Ayrica gingivitis, periodontitis, ¢clrtik ve mobil disler gibi aktif
dis eti hastaliklari bulunmamalidir. Siddetli bruksizmle birlikte gece
hastanin asiri lateral ¢ene hareketleri sonucu aparey agizdan cikabilir
veya aparey zarar gorebilmektedir. Aktif temporomandibuler eklem
(TME) disfonk- siyonu aparey kullanimiyla kotilesebilmektedir.23:25
Bundan dolayi aparey kullanimina karar verilmeden énce hastanin TME
bolgesinde klik ve krepitasyon sesi; ¢ene agmada, kapamada ve
protriizyonda agri ve kisitlama olup olmadigina bakilmalidir. Anterior
acik kapanisa sahip hastalar genellikle kisith protriizyon yapabilmekte;
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bu nedenle MAD kullanimi igin uygun olmadiklari belirtilmektedir. Ayrica
siddetli mikrog- nati hastalari 6l¢l alinirken ve aparey kullaniminda
zorluk yasayabil- mektedir.25

Oral aparey kullanimi sonucu birtakim kisa ve uzun vadeli kompli-
kasyonlar goérilebilmektedir. Hastalar goriilebilecek yan etkilere karsi
bilgilendirilmelidir. Aparey kullaniminin ilk 2 haftasinda salivasyon mikta-
rinda artis gorilebilmektedir. Dil igin yeterli bosluk kalmadigi takdirde
dilde Ulserasyon ve irritasyonlar goriilmektedir. Bir veya birkag diste agn
hastalarin %59’unda gorilen bir komplikasyondur ve bu sikayetle gelen
hastada apareyin dislere kuvvet uyguladigi akla gelmeli ve aparey ilgili
bolgeden asindirilarak dise gelen yik kaldirilmalidir. MAD apareyinin
mandibulay! gerekenden fazla protriize etmesi sonucu altta var olan
TME problemi siddetlenmektedir. Hastaya nonsteroidal antiinflamatuar
ilag recete edilerek eklem bolgesine sicak kompres yapmasi 6nerilme-
lidir. Prefabrike apareyler insizorlere asiri kuvvet uygulayabilmekte ve
bunun sonucunda kesici dislerin angulasyonu artmakta, overjet, overbite
ve okllizyon degisebilmektedir. Bunlara ek olarak bruksizm sonucu apa-
reyin retansiyonu bozulabilmekte ve dis hareketlerine neden olabilmek-
tedir.2

Tim bu komplikasyonlarin 6nlenmesi igin her 3-6 ayda bir diizenli dis
hekimi kontrolleri 6nerilmektedir. Bu sayede ortaya gikan yan etkiler kisa
donemde diizeltilebilmekte ve engellenebilmektedir.?>

Cerrahi tedaviler

Orta-siddetli OUA hastalarinda CPAP tedavisi 6ncelikli olarak tercih
edilmesine karsin; disiik uyum orani nedeniyle hastalar MAD veya
cerrahi operasyonlar gibi alternatif tedavi yontemlerini tercih etmek-
tedir. Cerrahi tedaviler, lst solunum yolu obstriiksiyonunda énemli rol
oynayan, anatomik anomalileri olan hastalar igin uygun bir alternatif
tedavi yontemidir.28 Cerrahi tedavilerin amaci Ust solunum yolunda
obstriiksiyona neden olan yumusak dokularin repozisyonunu saglamak
veya ortadan kaldirmaktir. Posterior farengeal bolgeden yumusak doku
eksizyonu (uvulopalatofaringeoplasti) ve maksillomandibular ilerletme
(MMI) cerrahisi ile posterior farengeal bélgenin hacmi arttirilmakta ve
OUA tedavisinde yiiksek basari oranlari elde edilmektedir. Ust solunum
yoluna yapilan cerrahi tedavi basarisi hastaligin siddeti, hasta segimi ve
cerrahi tipine bagh olarak %24-86 oraninda degismektedir. Uvulopala-
tofaringoplasti (UPPP) sonrasi MM cerrahisi gibi birbirini takip eden
cerrahi uygulamalar sonucu basari sansi daha yiksek oldugu belirtil-
mistir.39 Orta-siddetli OUA genellikle ¢ok seviyeli tikanikliklarla karakte-
rize oldugundan dolayl sadece bir bolgeyi diizeltmeye yonelik cerrahi
girisimler Ust solunum yolundaki tiim tikanikliklari ortadan kaldirama-
maktadir. OUA tedavisinde birden fazla seviyeyi hedefleyen MMi’nin
basari orani %86 bulunarak en etkili cerrahi tedavi oldugu bildirilmistir.2°
Hipoplazik maksillomandibular kompleks, retrognati, dar st solunum
yolu goriilen ve PAP tedavisini tolere edemeyen orta-siddetli OUA
hastalari MMi icin adaydir. Fakat anatomi, hastalik siddeti ve hasta terci-
hindeki farkliliklar g6z 6niine alindiginda OUA igin genel olarak kabul
edilmis bir cerrahi prosediir kilavuzu olmamakla birlikte; kompleks veya
birden fazla obstriiksiyon bolgesi goriilen OUA vakalarinda, cerrahi teda-
vinin endikasyonlari ve takip edilecek protokoller belirsizligini
korumaktadir.2?

MM cerrahisi; Le Fort 1 maksilla osteotomisi ve eszamanli bilateral
sagittal split mandibula osteotomisini (BSSO) icermekte ve her iki ¢ene
maksimum derecede 6ne alinarak rijit olarak sabitlenmektedir. Farenge-
al hava yolu genislemesiyle birlikte yumusak doku gerilmesi MMi
cerrahisinin baglica sonuglarindandir. Ceneler ile birlikte yumusak
damak, dil, hyoid ve baglantili yumusak dokular protriize olmaktadir.31
Mandibula ilerletmesi ile hyoid pozisyonu degiserek, supra ve infrahyoid
kaslar ve dil tabani kaslari farklilasarak farengeal havayolu boglugu hacmi
artmaktadir.32 OUA hastalarinda MMi cerrahisi sonucunda AHI skorun-
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daki azalmanin st solunum yolu gapinin artmasina bagh olmadig;
maksilla, yumusak damak ve dilin hareketlerine bagh oldugu bildiril-
mistir.33 MM cerrahisi sonucu hastalarin yiiksek memnuniyet duydugu
ve yasam kalitelerinin arttigi; ylizde veya dilde uyusukluk yaygin olarak
goruldigi bildirilmistir.34

SONUC

OUAS toplumun genelini ilgilendiren ve insidansi artmaya devam
eden 6nemli bir halk saglhigi problemidir. Multifaktoriyel etiyolojiye sahip
olmasi nedeniyle OUA ydnetimi erken tani ve dogru bir tedavi planinin
yapilabilmesi igin ¢ok sayida uzman ekip (KBB uzmani, ortodonti uzmani,
néroloji uzmani vb) tarafindan multidisipliner bir yaklagim gerektirmek-
tedir. Ortodonti uzmani bu hastaligin temel etiyolojileri hakkinda bilgi
sahibi olmali ve erken teshis ile gerekli miidahaleleri multidisipliner teda-
vi yaklasimlari gercevesinde gerceklestirebilmelidir. Bu sayede ileride
ortaya ¢ikacak olan hastanin genel sagligini etkileyen sorunlarin ve den-
tal problemlerin 6niine gegilmesini de saglayacaktir. Hafif-orta siddetli
OUAS hastalarinda kullanilan oral apareyler yliksek basari oranina ve iyi
hasta kooperasyonuna sahip verimli ve gegerli bir tedavi yontemidir.
Oral aparey tedavisinin basarisi dogru hasta segimi, ayrintili klinik
muayene, dogru oral aparey tipi secimi ve tedavi sliresince vakanin
yonetimine baghdir.
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Geleneksel Tam Protezlerden implant
Ustii Overdenture Protezlere Gegiste
Okliizyon Degisiminin T-scan lll Sistemi
Kullanilarak Olgiilmesi

Measuring Occlusion Change in Transition from
Traditional Complete Dentures to Implant supported

Overdentures Using the T-scan Il System

6z

Geleneksel total protez kullanan hastalarin mevcut total protezlerinin agiz icinde implantlara
baglanarak implant Ustii hareketli proteze geciste okliizal kuvvetlerin yer degisiminin kaydedilmesidir.
56 yasindaki tam dissiz erkek hasta alt ¢ene 6n bolgeye yapilan 3 implantin osseointegrasyonu igin
gerekli stire gectikten sonra implant Gstl hareketli protezini yaptirmak Gzere klinigimize basvurdu.
Hastaya topuz basl atasman tutuculu implant Gstl hareketli protez yapilmasi planlandi ve bunun
Uzerine yeni alt ¢ene total protez hazirlandi. Okliizal temaslari dizenlenen total protez agiz iginde
implantlara baglanmadan 6nce ve baglandiktan sonra T-Scan Il sistemi kullanilarak oklizal temaslarin
dagilimi kaydedilmistir. Bu ¢alismada total protezin implantlara baglamadan 6nceki ve sonraki oklizal
temaslarinin dagiliminin  birbirine ¢ok yakin degerler verdigi goérulmustir. Bu vyilizden oklizal
temaslarinin tekrardan diizenlenmesine ihtiyag duyulmamistir.

Anahtar Kelimeler: Okliizyon, Overdenture, T-Scan Ill

ABSTRACT

Objective:: Recording of the change of the occlusal forces in the transition to the implant-supported
removable prosthesis by connecting the existing complete denture prosthesis of the patients to the
implants. A 56-year-old completely edentulous male patient applied to our clinic to have his removable
prosthesis on the implant, after the required time for the osseointegration of 3 implants in the anterior
region of the mandible. It was planned to make a removable prosthesis on the implant with ball-
attachment retaining for the patient, and then a new mandibular complete denture prosthesis was
prepared. The distribution of occlusal contact points was recorded using the T-Scan Ill system before
and after attaching the complete denture to the new implants , whose occlusal contacts were fixed. In
our study, the distribution rate of the occlusal contacts of the total prosthesis after attachment to the
implants gave values very close to the state arranged before. Therefore, there was no need to rearrange
the occlusal contacts.

Keywords: Occlusion, Overdenture, T-Scan IlI

GiRiS

insanlarda okliizyon algisi, propriyoseptérler araciligiyla duyusal sinirlerden kaynaklanir.! Devital
dislerde bile, periodontal mekanoreseptérler isirma kuvvetinin algillanmasinda o6nemli bir rol
oynadigindan,! yiiklenme lzerine dogal dislere kiyasla benzer duyusal tepkiye sahiptir.2 Dental okliizyon
sadece hastalar tarafindan tespit edilemez, ayni zamanda cesitli oklizal gostergeler kullanilarak
klinisyenler tarafindan da incelenebilir.

BazI yazarlar, statik ve dinamik oklizal temaslari kaydetmek igin kullanilan dental materyallerin
tarihgesi hakkinda bir inceleme yayinlamiglar ve protezde kullanilan yaklasik 17 yéntem bulmuslar.?
Protez tedavilerinde okliizyonun dogru bir sekilde incelenmesi igin, dis temasi modellerini, malzemelerin
ozelliklerini ve bu dis temaslarini kaydetmek icin kullanilan yontemleri anlamak 6nemlidir.3

Okliizyonun rutin muayenesi, hastanin algilari ile klinisyenin bir kombinasyonudur. Klinisyenler,
artikilasyon kagidin mirekkep izlerini, okliizal kontagi olan iki dis arasinda shim stok folyosunun ¢gekme
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kuvvetini ve oklizal gbsterge mumunun yari saydam veya perforasyon
alanini degerlendirerek dis okliizyonunu belirlerler.* Bu geleneksel
oklizal gostergeler pratik olsa da, dental oklizyonu ayirt etme
becerisinin sinirli olmasi nedeniyle sonuglari degiskendir. Sinirlamalarin
Ustesinden gelmek igin dijital okliizal gostergeler (yani, T-Scan sistemi)
geligtirilmistir.

T-Scan Il ile bilgisayarlh oklizal analiz, tim oklizyonun gergek
zamanh bir filmini olusturur, dinamik ve statik oklizyonun
degerlendirilmesine izin verir.>

T-Scan Ill sistemi, dijital okllzal gostergelerin iyi bir stirGmudur.®
Okliizyonu, 0.003 saniyelik artislarla her dis temasinin siralamasi, temas
eden dis ylzeylerindeki kuvvet konumu, ylzde degerler olarak goreceli
okllzal kuvvet ve kuvvet merkezi yoriingesi bakimindan analiz edebilir
ve raporlayabilir.®

Geleneksel tam protez kullanan hastalarin gigneme performansini
artirmak igin iyi dagitilmis oklizal kuvvet ve okliizal temas alani
saglanmalidir.” Bu yiizden tam protezlerde bilateral balansl oklizyonun
saglanmasi 6nerilmektedir.

Bilateral balansli okliizyon durumunda, dinamik okliizyonda protez
tabaninin bile sikistirilmasina ve ¢igneme sirasinda optimal stabiliteye
6nemli bir rol diiser.8 Bu tip okliizyon yatay bir ¢isneme modelini tercih
ettig@inden, muhtemelen iki tarafli dengeli okliizyon, hastalarin yeni
protezlerine uyum saglamasina yardimci olabilir.

Ama bilateral balansh oklizyonun saglanmasi geleneksel tam pro-
tezler ile tedavi sirasindaki en 6nemli zorluklardan biridir.° Bu prose-
diru etkileyebilecek en sik goriilen engel, yari ayarlanabilir artikila-
torler gibi gelismis mekanik cihazlar kullanilmasina ragmen yumusak
doku esnekligidir; bunlar sadece oklizal fonksiyonel hareketlere
yaklasabilir.10

Modern teknoloji, bir hastanin isirma kuvvetini, oklizal kuvvet
konumunu ve zamanlamasini kaydedebilen bir teshis cihazi olan T-Scan
bilgisayarli oklizal analiz sistemi ile bu soruna bir ¢6zim
sunmaktadir.11.12

Dis hekimleri, implantlari yirmi yili askin stredir tam protezlerin
tutuculugunu ve stabilitesini iyilestirmek igin dissiz ¢enelerde basariyla
kullanmistir. implantlarin takilmasi, protezlerin stabilitesini ve islevini
iyilestirir ve hasta memnuniyetini artirir. implant baglantisinin ayrica
noromuskiler aktiviteyi ve adaptasyonu gelistirdigi ve boylece dissiz
hastalarda ¢igneme fonksiyonunu onemli 6lglide gelistirdigi kaydedil-
mistir.23 implant tedavisi, geleneksel tam protezlerle elde edilenlere
kiyasla maksimum isirma kuvvetlerini neredeyse iki katina c¢ikarir ve
¢ene kaslari daha verimli bir sekilde kullanilir.2415

Cesitli calismalarda, implant Ustl overdenture protezleri kullanan
hastalarda, geleneksel tam protezlere gére daha iyi ¢igneme islevi ve
o6nemli 6lglide daha ylksek genel memnuniyet bildirilmistir.16-18

Mandibulada implant Ustl overdenture protezler, sabit implant
destekli protezler kadar iyi bir tedavi secenegi olmasa da, tam protez
kullananlara gére onemli derecede g¢igneme ve yasam Kkalitesinde
iyilesme saglar.19.20

Bu ¢alismanin amaci, geleneksel total protez kullanan hastalarin
mevcut total protezlerinin agiz igcinde implantlara baglanarak implant
Ustl hareketli proteze gegiste okliizal kuvvetlerin yer degisiminin
kaydedilmesidir. Agiz icinde yapilan bu islem sonrasi hastanin alismis
oldugu okliizyon degisebilecegi icin oklliizyonun tekrardan diizenlenme
gerekliligi dogabilir. Bu farkhiliga dikkat etmemek ball atagsman
lastiklerinin kisa siirede bozulmasina ve protezin kullanim konforunun
azalmasina sebep olabilir. Calismanin hipotezi ise bu oklizal kuvvetlerin
bileskesinin anterior bolgeye dogru hareket edecegi yonindedir.
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OLGU SUNUMU

56 yasindaki tam dissiz erkek hasta alt cene 6n bolgeye yapilan 3
implantin osseointegrasyonu igin gerekli siire gegtikten sonra implant
Usti hareketli protezini yaptirmak (izere Atatiirk Universitesi Dis
Hekimligi Faklltesi Protetik Dis Tedavisi klinigine basvurdu. Yapilan
klinik ve radyografik muayene sonucu hastaya topuz bash atasman
tutuculu implant st hareketli protez yapilmasi planlanmistir.

Hastaya yeni alt ¢ene total protez hazirlanmistir. Hastaya yapilan
yeni total protezin oklizyonu artikilasyon kagidi ve T-Scan Il (Tekscan,
Boston, Massachusetts, Amerika Birlesik Devletleri) sistemi kullanilarak
dizenlenmistir. Okliizal temaslar esit sekilde dagitilip, primer kontaklar
kaldirilmistir. Okllzal temaslari dlzenlenen total protez agiz iginde
implantlara baglanmadan 6nce T-Scan Ill sistemi kullanilarak oklizal
temaslarin dagilimi son kez kaydedilmistir (Resim 1).
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Resim 1. Total protezin implantlara baglanmadan 06nceki oklizal temas
dagilimlari

Agiz icinde dis eti yiksekliklerine gore topuz basl atasmanlar
secilmistir ve protez icerisinde kalacak topuz bash atasman parcalar
denenmistir (Resim 2).

Hazirlanan alt total protezin implant bolgelerine, uygulanacak
materyal icin yeterli bosluk olusturulmustur. Topuz bagh atasmanlarin
etrafindaki yumusak dokular teflon bant ile izole edilmistir. Protez,
pembe soguk akrilik ile agiz igcinde topuz basli atasmanlara baglanmistir.
Tasan akrilik fazlaliklar mollenerek total protez kullanima hazir hale
getirilmistir. implantlara yiiklenen overdenture protezin okliizal
temaslarinin dagilimi T-Scan 1lI sistemi kullanilarak 6lgtlmustir (Resim
3). Total protezin implantlara baglanmasindan sonraki oklizal temas-
larinin dagilimi 6ncesinde diizenlenen haline ¢ok yakin degerler vermis-
tir. Bu yizden okliizal temaslarinin tekrardan diizenlenmesine ihtiyag
duyulmamistir.



91

Resim 2. A8z igi topuz bash atagsmanlarin goértinimu
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Resim 3. implantlara yiiklenen overdenture protezin okliizal temaslarinin
dagihmi

TARTISMA

Bu olguda oldugu gibi implant destekli protezler hem fonksiyonu
hem de estetigi gelistirerek en iyi performans gosteren rehabilite edici
¢6zum gibi gorinmektedir.

Calismanin hipotezi olan total protezin agiz iginde implantlara
baglanmadan oOnce olgllen kuvvet dagiliminin, baglandiktan sonra
anterior bolgeye dogru hareket edecegi yoniindeki gorlsimiz red
edilmigtir.

Literatirden elde edilen mevcut kanitlar, implant destekli
overdenture'larin protezin saglamhgi ve retansiyon sorunlarini 6nemli
Olglide azaltabilecegini ve alttaki yumusak dokular Gzerindeki basinci
azaltabilecegini gostermektedir.2l Kemik i¢i implantlar tarafindan
garanti edilen protetik denge, ¢igneme biyomekanigini biyik olgide
etkiler ve bu da eksantrik etkilesimlerin azalmasina, sentrik okllizyonun
stabilizasyonuna ve ¢igneme kaslarinin yogunlugunun azalmasina yol
acar. Bu fark, T-Scan Il cihazinin uygulanmasindan elde edilen iki ve Ug¢
boyutlu planlarla iyi bir sekilde temsil edilmektedir. Bu bilgisayarh

kaydin, artikiilasyon kagitlarinin kullanimiyla elde edilen geleneksel al-
gilamaya kiyasla en blyilk avantaji, temaslarin yogunlugunun ve ozellik-
le bunlarin hem statik (maksimum interkuspasyon veya sentrik iliski)
hem de dinamik durumdaki zamansal sirasinin degerlendirilmesine izin
vermesidir.22

Ug boyutlu histogramlar hem sag hem de sol alanlar ve her dis igin
okluzal yukler arasindaki farki digerlerinden daha fazla wvurgula-
maktadir.22 Renk dagihmi, oklizal yiklerin farkl yogunlugunu gbésterir:
kirmizi, daha biyuk bir yiik(i, mavi ise daha kiiglk bir yuki gosterir.

Okluzal analiz, implant tedavisinin basarisi igin 6nemli bir adimdir.
Tam protezlerde uygun okliizyon, tedavinin basarisini artirmak igin ¢ok
onemli bir faktordir. Bilgisayarli oklGzal analizin kullaniimasi, dis
hekiminin okliizal kuvveti ve okliizal dagihmi tespit etmesine yardimci
olur ve dis hekiminin oklizyonu dogru bir sekilde ayarlamasini
saglar.23.24 Ayrica geleneksel artikiilasyon kagidi ile birlikte kullanilir.2s

Yapilan galismalar, iki veya dort implant Ustl protez kullanmanin
tam protezin islevini arttirdigini géstermistir.2627 Bu calismada, alt tam
protezleri korumak icin dental implantlari kullanmadan 6nce ve sonra
yapilan okliizal analizi karsilastirilmaktadir.

Okluzyonla ilgili klinik arastirmalarda, interkuspal pozisyonda
oklGzal temaslarin dogasini degerlendirmek igin artikiilasyon kagidi,
folyolar, mum, silikon vb. gibi gesitli yontemler kullanilmistir.?® Basit ve
hizli olmasina ragmen, bu yontemlerle oklizal interferenslerin varhigini
ve lokasyonunu belirlemek zor olmustur. Ornegin, Kerstein3 okliizal
isaretlemenin boyutu ile kuvvet arasindaki glvenilirligin sadece %21
oldugunu bildirmistir. Kalin Grinler izlerin ylizey alanini arttirir ve ayrica
mandibulada sapmalara neden olabilen propriyoseptif reaksiyonlari
uyarabilir.2® Ek olarak, tam protezlerde erken temaslar, oklizyon
sirasinda protez pozisyonunu degistirebilir, bu da esas olarak yanlis bir
maksimum interkuspasyonda yanls okliizal temaslara yol agabilir.3° Bu
nedenle, tam protezlerde erken okliizal temaslarin varligini objektif
olarak dogrulamak igin, oklizal temas sirasini degerlendirmek
gereklidir. T-Scan'in dogrulugu ve tekrarlanabilirligi elestirilmistir.3!
Ancak Koos ve ark.,32 T-Scan llI ile yapilan okluzal analizin kesin ve
guvenilir olarak kabul edilebilecegini bildirmistir. Koos ve ark.3?'a gore,
tim uygulamalarin %95'inde 1,96 kat 6lglim hatasi, yani odlgilen ve
gercek degerler arasindaki fark %2'den azdir. Bu nedenle, maksimum
interkuspasyonda okliizal temas dagiliminin analizi ve degerlendirilmesi
icin yontem yeterince kesin ve glivenilir olarak kabul edilebilir.3! Koos
ve digerleri32 bu ekipmanin dogruluk seviyesinin kabul edilebilir
oldugunu ve galismalarinda folyodaki degisikliklerden veya tekrarlanan
Olgiimlerden kaynaklanan higbir interferensin tespit edilmedigini bildir-
mistir. Ayrica, dinamik oklizyondaki erken temaslar ve interferensler
tanimlanabilir.

Oklizyonda dUretilen kuvvet, zamanla degistigi ve bir grafikte
zamana karsi ¢izilebildigi i¢in dogasi geregi dinamiktir.

Sistemin yazilim programi, dental arklarin daha iyi gériintilemesini
saglar,32 bu da onu oklizal temas kaydi icin diger yéntemlerden gok
daha bilgilendirici hale getirir.33 T-SCAN lI, okliizal-artikilasyon analizi-
nin hizli ve dogru bir sekilde kaydedilmesine ve analizine olanak tanir.3*

Bilgisayarli oklizal analiz sistmeleri yillardir kullanilan oklizal analiz
metotlarina gére daha hassas ve kayitlari saklanabilen sonuglar
vermektedir.3>

SONUC

implant {stli overdenture protezlerin agiz ici yiklenmeleri
sonrasinda oklizal temaslarin dagiliminin degisimi hakkinda literatlrde
henliz yeterli bir galisma bulunmamaktadir. Yapilan ¢alismada total
protezin implantlara baglamadan sonraki oklizal temaslarinin dagilimi
oncesinde dizenlenen haline ¢ok yakin degerler vermistir. Bu yiizden
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okllzal temaslarinin tekrardan dizenlenmesine ihtiyag duyulmamistir.
Ancak bu konuda daha kesin bir sonuca ulasmak igin yeni ¢alismalara
ihtiya¢ duyulmaktadir.
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Case Report Olgu Sunumu

Tek Dis implant Ustii Sabit Protezlerde
Diseti Cikis Profilinin Olusturulmasi

DOI: 10.54614/CRDS.2022.6265

Creation of Emergence Profile in Single Tooth Implant
Retained Fixed Prosthesis

(074

Kismi ve tam dissiz vakalarda implant Usti protetik restorasyonlar gliniimiizde siklikla tercih edilen tedavi
seceneklerinden biridir. implant tedavisi sonrasi daimi protez yapimina gecilmeden &nce cesitli
yontemlerle komsu dislerle uyumlu yumusak doku profilinin olusturulmasi gerekmektedir. Bazi kaynaklar
stabil ve uygun kontura sahip gegici protezin yerlestirilmesinden sonra olusan yumusak doku profilinin
daimi restorasyona aktarilmasi gerektigini ifade etmektedir. Bu olgu raporunda 36 ve 14 numarasini
kaybeden 34 yasinda kadin ve 29 yasinda erkek hastaya okluzal vidal gegici kron kullanilarak diseti
sekillendirmesi planlandi. Uygun diseti ¢ikis profili saglandiktan sonra kisisel ti-based abutment hazirlandi.
Hastaya zirkonya seramik restorasyonlar uygulanarak estetik ve fonksiyonel kayip geri kazandirildi.

Hastanin 1,3 ve 6 aylik kontrollerde herhangi bir komplikasyon goriilmedi.
Anahtar kelimeler: Diseti cikis profili, implant, zirkonya

ABSTRACT

In partial and complete edentulous patients, prosthetic restorations over implants are often one of the
preferred treatment options today. Before switching to permanent fixed prosthesis construction after
implant treatment, it is necessary to create a soft tissue profile compatible with proximal teeth by
various methods. Many case reports stated that the soft tissue profile formed after the placement of a
temporary prosthesis with a stable and appropriate contour should be transferred to permanent
restoration. In this case report, 34-year-old female patient and 29-year-old male patient who missing
teeth 36 and 14 were planned to shape their gingiva using temporary crowns with occlusal screws. A
personal ti-based abutment was prepared after the appropriate emergence profile was provided.
Aesthetic and functional loss was restored by applying zirconia ceramic restorations to the patient. No
complications were observed 1,3 and 6-month control appointments of the patients.
Keywords: Emergence profile, implant, zirconia

GiRiS

GlnUmizde teknolojinin gelismesi ve hastalarin istekleri dogrultusunda implant Ustl sabit protez
tedavileri giderek yayginlasmistir. implant istii protezlerin amaci kaybedilen estetik ve fonksiyonu geri
kazandirmaktir.

implant Ustii restorasyonlarin basarisinda implanti cevreleyen yumusak dokularin saghgi ve stabilitesi
dnemli bir rol oynamaktadir .2 implantlar, krestal kemik ve mukoza seviyesinde boyut ve sekil olarak
dogal dislerden farkllik gosterir. lyilesme bashklari cikarildiktan sonra doku profilinin geometrisi
daireseldir ve dislerin etrafindaki dokular ile uyusmazlik gésterir. Bu nedenle peri-implant yumusak doku
profilinin, komsu dis yapisi ile uyumlu bir doku profiline dénustirilmesi gerekir. 3

Glncel literatiurlerde yumusak doku profili olusturma ile ilgili farkli teknikler mevcuttur. Birgok yazar
stabil ve uygun kontura sahip gegici protezin yerlestirilmesinden sonra olusan yumusak doku profilinin
daimi restorasyona aktarilmasini 6nermektedir. 4

implant yerlestirildikten sonra gecici restorasyonla yapilan sekillendirmede yumusak doku
korunabilir, degistirebilir ve desteklenebilir; bdylece dogal bir diseti gikis profili saglanir. Uygun bir diseti
cikis profili implant Ustl protezin hijyenini sagladigindan peri- implant dokularin saghgi icin ok dnemlidir.
interdental papilladaki diseti dokusu da gegici restorasyon ile uygun sekilde destekleniyorsa istenen sekle
getirilebilir. >

Diseti sekillendirmesindeki amag; komsu dis yapisiyla uyum saglayan bir mukoza/diseti seviyesini
yeniden olusturulmasi, dogru bir diseti ¢ikis profili olusturmak, diseti zenith noktasini tam olarak yeniden
konumlandirmak, dengeli papilla yiksekligi/genisligi elde etmek, implant kronu ve komsu dis ile
proksimal bir temas alani olugturmaktir.
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Basarili estetik bir restorasyonu; ideal implant pozisyonu, uygun
gecici restorasyonlarin kullanimi, diseti konturunun sekillendirilmesi,
restoratif platformun boyutu ve formu, abutment materyali, daimi
restorasyon icin kullanilacak materyal gibi bircok faktor etkilemektedir.®

Bu makalede asiri madde kaybindan dolayr disini kaybetmis iki
hastanin, okluzal vidali gegici protezlerle diseti ¢ikis profilinin
olusturulmasi sonrasi kisisel ti-base abutmentlar ve zirkonya seramik
restorasyonlarla tedavisi sunulmaktadir.

OLGU SUNUMLARI

OoLGU 1

Otuzdort yasinda kadin hasta dis eksikligi sebebiyle Afyon Karahisar
Saglik Bilimleri Universitesi Dis Hekimligi Fakiiltesi Protetik Dis Tedavisi
klinigine basvurdu.

Sistemik bir rahatsizhigi olmayan hasta radyolojik ve klinik olarak
incelendi. Hastadan alinan anamnezde asiri madde kaybi sebebiyle 36
numarali disini kaybettigi tespit edildi. Ek olarak hastada 26 numarali
disin okluzal diizleme dogru yer degistirmesinden dolayi okluzal mesafe
kaybi mevcuttu. Hasta tedavi segenekleri ile ilgili bilgilendirildi.
Bilgilendirilmis gonulli onam formu alinarak implant destekli bir protez
yapilmasina karar verildi.

Daha sonra cerrahi rehber plak kullanilarak kemik seviyesinde bir
implant (Astra tech 4.2 C-13mm) ideal implant pozisyonu kurallarina
gore yerlestirildi. Dort aylik iyilesmeden sonra ikinci bir cerrahi islemle
implantin Gzeri acildi ve ginival former yerlestirildi. (Resim 1,2).

Hastadan oOl¢li postu ile C tipi silikon 6l¢i maddesi (Zetaplus,
Zhermack, italya) kullanilarak gegici kron yapimi igin 6lgii alindi. Gegici
abutment hastanin agzina yerlestirildi. Hazirlanan gegici kron referans
alinan bir noktadan bond (Bond Force I, Tokuyama, Japonya) ve
akiskan  kompozit (Dynamic Flow,President Dental, Almanya)
kullanilarak abutmente sabitlendi. Abutment vidasi gevsetilerek gegici
kron ve abutment hasta agzindan gikarildi.

Sekillendirme siirecinde ilk adim olarak fasiyal kritik kontur
belirlendi. Bu olguda fasiyal yumusak doku marjini ideal seviyeden daha
koronalde oldugundan dolayi diseti sinirini apikalde yeniden konumlan-
dirmak igin gegici restorasyonun kritik konturu, fasiyal/apikal yonde
fazla sekillendirildi. Kritik kontur bolgesi dis bikey olarak sekillen-
dirilirken kritik kontur alti bolge de i¢ biikey olarak hazirlandi. (Resim 3).

iki hafta sonra yapilan kontrollerde yumusak dokunun durumuna
gbre gegici restorasyon modifiye edildi. Sekillendirmeye 35 numarali
disin diseti seviyesine ulasilana kadar devam edilmesi planlaniyordu
ancak hastanin istegi dogrultusunda bu asamada birakildi (Resim 4,5).
Daimi restorasyon igin olci asamasina gegildi. Diseti c¢ikis profilini
kaybetmemek igin hastaya bireysel 6l¢ postu hazirlandi.

Bireysel 6l¢li postu hazirlanmasi su siralama ile uygulandi: Analoga
vidalanan gegici kron, vida deligi disarida kalacak sekilde C tipi silikon
Olgli maddesi igine gomiildi. Sertlesme tamamlandiktan sonra light
body ile Olglinin ikinci asamasi tamamlandi. Silikonun polimerizas-
yonunun ardindan gegici restorasyon analogtan sokildi. Bu esnada
analogun hareket etmemesi igin analogun ug noktasindan dikkatlice
tutularak sabitlendi. Boylelikle yumusak dokuda olusturulan diseti ¢ikis
profilinin sekli 6lgi maddesine aktarildi. Ardindan 06l¢ii maddesinin
icinde bulunan analoga &l¢ii postlari baglandi. Olgii postu ve silikon
arasinda kalan bosluklar patern rezin ile kapatilarak isik cihazi (Castellini
T-Led, italya) ile 20 sn polimerize edildi. Polimerizasyonun ardindan
sokilen o6lgu postlari agiz icine yerlestirildi ve agik kasik yontemi ile A
tipi silikon 6lgii maddesi (Elite HD+, Zhermack, Italya) kullanilarak 6lgt
alindi. Model olusturulduktan sonra kisiye ozel ti-base abutment

hazirlandi ve agiz igi provalari yapildi. Prova esnasinda bireysel
abutment ile mukoza arasinda bosluk kalmamasina, abutmentin
mukozada belirgin bir staz olusturmamasina, abutmentin basamagi ile
mukozanin ayni seviyede olmasina dikkat edildi. Daha sonra zirkonya
altyapili tam seramik restorasyon dretildi ve agiz i¢i uyumuna bakildi
(Resim 6).

Kritik kontur alti bélgede epitel hiicre adezyonunu arttirdigi igin
sadece mekanik cila yapildi.” Restorasyon glaze islemlerinden sonra
rezin siman (Panavia SA, Kuraray, Japonya) ile simante edildi (Resim 7).
Hastaya agiz hijyeni konusunda oneriler verildi ve diizenli kontrollere
¢agirildi. Yapilan 1, 3 ve 6 aylik kontrollerinde herhangi bir biyolojik,
fonksiyonel ve estetik sorunla karsilagilmadi.

Resim 1.implantasyon sonrasi panoramik réntgen gériintiisi

:

Resim 2.implantasyon sonrasi 36 numarali bélgenin gériintiisii

Resim 3. Hazirlanan gegici kron
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Resim 4. Gegici restorasyon ile sekillenen yumugsak dokunun goériintisi

Resim 5. Diseti sekillendirmesi sonrasi yumusak doku gortinim

Resim 6. Ti-based abutment agiz ii provasi

'

Resim 7. Simantasyon isleminden sonra restorasyonun agiz i¢i gorinimu

OLGU 2

Yirmidokuz yasinda erkek hasta dis eksikligi rahatsizligi sebebiyle
Afyon Karahisar Saglik Bilimleri Universitesi Dis Hekimligi Fakdiltesi
Protetik Dis Tedavisi Anabilim Dalina basvurdu.

Sistemik bir rahatsizligi olmayan hasta radyolojik ve klinik olarak
incelendi. Hastadan alinan anamnezde asiri madde kaybi sebebiyle 14
numarali disini kaybettigi tespit edildi.

CurrRes Dent Sci 2025 35(1): 94-98 / doi 10.54614/CRDS.2022.6265

Hasta tedavi secgenekleri ile ilgili bilgilendirildi. Bilgilendirilmis
gondlli onam formu alinarak implant destekli bir protez yapilmasina
karar verildi.

Daha sonra cerrahi rehber plak kullanilarak ile kemik seviyesinde,
dar capli (3.0 mm) bir implant (Astra Tech) ideal implant pozisyonu
kurallari dahilinde yerlestirildi (Resim 8).

Hastadan 6lgu postu yardimiyla C tipi silikon ile 6l alinarak gegici
kron hazirlandi. Bir 6nceki olguda anlatilan yontemle gegici kron uygun
diseti cikis profili saglamak icin uyumlandirildi (Resim 9). Alti haftalik
sekillendirmeden sonra ideal diseti c¢ikis profili ve papil olusumu
saglandi.

Daimi restorasyon igin 6l¢li asamasina gegildi. Hastaya kisisel 6lgu
postu hazirlandi.

Olgli asamasindan sonra model elde edildi. Model iizerinde kisiye
Ozel ti-base dayanak dretildi ve agizda provalari yapildi sonrasinda
zirkonya altyapili tam seramik restorasyon Uretildi ve agiz i¢i uyumuna
bakildi (Resim 10).

Glaze islemlerinden sonra rezin siman (Panavia SA, Kuraray,
Japonya) kullanilarak simante edildi (Resim 11).

Yapilan 1, 3 ve 6 aylik kontrol randevularinda herhangi bir biyolojik,
fonksiyonel ve estetik sorun gortlmedi.

.

Shitly Desc-(IMPLANT TA¥IEI JORTOPANTON

Resim 8.implantasyon sonrasi panoramik réntgen gériintiisii

Resim 9.Hazirlanan gegici kron

Resim 10. Ti-based abutment agiz i¢i provasi
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Resim 11. Simantasyondan sonra restorasyonun agiz i¢i gérinimu

TARTISMA

implant tedavilerinin estetik sonuglari, yetersiz protez yapimi
nedeniyle implantlarin basarili osseointegrasyonuna ragmen tehlikeye
girebilir. implantin restorasyonunun basarisi, protezin ve biyolojik
olarak yonlendirilmis implantin yerlestiriimesine ve son derece estetik
bir protez ve peri-implant yumusak doku mimarisine baghdir.2® Gegici
restorasyon, optimum papiller profili olusturmak igin belirli bir mukoza
hacmini yeniden yonlendirmek igin kullanir. Simdiye kadar literatirde
sunulan en sik kullanilan teknik, yumusak doku iyilesmesi asamasinda
gegici kron Uzerine kompozit rezin ekleyerek peri-implant dokuyu
sekillendirmektir. ilk asamada dokuyu dogru yénde sikistirmak
onemlidir. Nekroz, anemi ve agriyi dnlemek igin basing birka¢ adimda
uygulanir. Basing, yumusak dokuyu dogru pozisyona yonlendirmek igin
lateral olarak sikistirir. Ardindan, dokunun olusturulan alani
doldurmasina izin vermek igin Ozellikle papiller bolgede vyetersiz
konturlama vyoluyla gecici krona ilave edilen kompozit yeniden
diizenlenerek yumusak doku sekillendirmesi saglanir. Bu, birkag
randevu Uzerinden yapilabilir.10

Tarnow ve ark,!! daimi protez yapilmadan 6nce yumusak dokuda
degisiklik yapilmasi gerektigini belirtmistir. Estetik bir sonuca ulagmanin
onemli agamalarindan biri, detayl bir 6lgl transferi yapmak oldugu
bildirilmistir. Standart olan iyilesme baghklari ve 6l¢li postlarinin
yuvarlak bir sekli oldugundan dogal disleri taklit edemediklerinden
dolayl bireysel Olgii postlariyla implant etrafindaki mukozanin
desteklenebilecegi belirtilmistir.2213 Bu sekilde doku kollapsi gibi
sorunlarla karsilagilmayacagli ve sekillendirilen yumusak dokunun
stabilitesini devam ettirebilecegi belirtiimektedir.t

Okluzal vidali gegici restorasyonlar diseti sekillendiriimesinde
simante gecici restorasyonlara gore daha sik tercih edilmektedir.
Clnku okluzal vidali restorasyonlar siman igermediginden kron-
abutment baglantisinda piriizsiiz bir ylzey saglayarak doku iyilesmesini
kolaylagtirmaktadir.14-16

implantiistii protezlerde basarili bir estetik restorasyonu saglamak
icin kullanilacak implant abutment materyali de oldukga Gnemlidir.
Titanyum; yiksek gerilme dayanikliligi, korozyona direnci, biyolojik uyu-
mu nedeniyle ginimuzde en ¢ok kullanilan abutment materyalidir.1”
implantin yiizeysel yerlestigi, ince diseti biyotipi oldugu vakalarda titan-
yum abutmentin yumusak dokuda olusturdugu mavimsi-gri yansima
estetigi olumsuz etkileyebilir. Bu nedenle, zirkonya abutmentlarin
kullanimiyla daha estetik sonuglar elde edilebilmektedir. Bununla
birlikte titanyum abutmentlarin kirilma dayaniminin zirkonya abut-
mentlardan yiksek oldugu bildirilmistir.181° Titanyum abutmentlarin
mekanik, zirkonyum abutmentlarin estetik avantajlarina sahip olan,
bireysel olarak hazirlanarak uygun diseti gikis profilinin saglanabildigi ti-
based zirkonya abutmentlar, implantlsti protezler igin en glincel ve en
ideal segenektir.20

Bu olguda ideal bir diseti goriinimi olusturabilmek igin final
restorasyon yapimina gegilmeden 6nce okluzal vidali gegici restorasyon
kullanimiyla basarili bir diseti gikis profili olusturulmustur. Hazirlanan
gecici restorasyonun diseti sekillendirmesi siresince sorunsuz bir
sekilde kullanildigi goériilmistiir iki olguda da gegici restorasyonla
yapilan diseti sekillendirmesi yonteminin basarili sonuglar verdigi
gorilmustir.

Hasta Onami: Bilgilendirilmis gonilli onam formu alinarak implant
destekli bir protez yapilmasina karar verildi
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