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ABSTRACT

Objectives: Determination of molar coefficients of the chemical elements in dentin, their possible correlation
with tooth enamel.

Material and Methods: There were examined 29 clinically extracted teeth of both jaws and their longitudinal
sections (12 clinically intact teeth, 10 teeth with wedge-shaped defects, 7 teeth with cervical caries) of the
patients aged 25 to 54 with the help of JSM-6490 LV focused beam electron microscope (scanning) with system
of energy-dispersive X-ray microanalysis. We have determined the chemical composition of 290 enamel areas
and 235 dentin areas in the incisal region (tubercle), equator, cervical area as a percentage of the weight
amounts of carbon, oxygen, calcium, phosphorus, sodium, magnesium, sulfur, chlorine, zinc, potassium,
aluminum, we have identified their molar coefficients.

Results: The chemical composition of dentin differed in the values of Na/Mg, Al/Zn, Mg/Ca, K/Na (p<0.05) in all
studied topographical regions of the samples. Higher values of Na/Mg and lower values of Al/Zn were identified
in the teeth with cervical caries (p<0.05). Correlation was found in dentin: inverse - between Ca/P and P/Ca,
Mg/Ca and Na/Mg, Ca/Mg and Mg/Ca, Mg/P and Na/Mg, Mg/P and Ca/Mg, direct - between Ca/Mg and Na/Mg,
Mg/P and Mg/Ca (p<0.05). High correlation was determined between molar coefficients in enamel and dentin:
Mg/Ca and Mg/P (direct), Ca/P and P/Ca (inverse), p<0.0001.

Conclusions: The differences in the indicators of molar coefficients in dentin, their correlation with enamel are
probably associated with the peculiarities of the pathological processes in the cervical region and it requires
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Creative Commons Attribution 4.0
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further study.
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Introduction

The onset of the pathology of dental hard tissues is
generally considered that the lesions don’t result from a
single factor but they may be caused by a combination of
some factors.! The effectiveness of its prevention
depends on understanding the risk factors and how they
interact and change in specific patients in course of time.?
The content of the chemical elements in hard dental
tissues is not a constant value but it dynamically changes
under the influence of various reasons, one of which is
damage of carious and non-carious genesis.>* Dentin
permeability can be increased because of the changes to
the integrity of enamel and dentin through processes of
trauma, decay and toothwear.’> The amount of calcium has
significant differences both in the structure of enamel and
dentin in different types of pathology and it determines
their development.® Dentin also had the characteristics of
microwear which were more consistent with wear types
than enamel.” Chemical dissolution of the components of
both organic and inorganic matrix happens during an
acidic attack or a typical demineralization regime. It is

come about by the water content of enamel and dentin
that facilitate acid diffusion in and mineral content out of
the tooth. The areas of structural weakness which have
been demineralized are also the objectives for the
formation of caries. Bacteria can colonize tooth
demineralized areas easily and, with a combination of
their own acid formation, they can penetrate into dentin.?
Previous studies confirmed the assumptions about the
differences in the inorganic composition of enamel and
dentin at various levels.®%° Significant differences were
found in the content of sodium and zinc in dentin of the
incisal region (tubercle) (IR), equator (E), cervical area (CA)
depending on the presence and type of the pathology.®
But taking into account the widespread occurrence of the
coordinated effects of some chemical elements it is
necessary to pay attention not only to their amount but
also to the ratios that have a synergistic and antagonistic
impact on various physiological parameters.!! We have
hypothesized that molar coefficients in dentin, their
possible correlation with enamel may influence the
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occurrence and progression of cervical defects in hard
dental tissues. Therefore, this study is considered to be
relevant to determine the integrated parameters under
the conditions of the physiology of the oral cavity,
establish their critical values in order to prevent the onset
of the pathology.

The purpose of the study is to determine molar
coefficients of the chemical elements in the dentin of
clinically intact teeth, teeth with a wedge-shaped defect
and cervical caries in IR, E, CA, identify their possible
correlation with enamel.

Material and Methods

Written informed consent was obtained from all subjects
in compliance with Helsinki Declaration of the World Medical
Association — Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects (1964-2008) as
well as the order of the Ministry of Health of Ukraine No. 690
dated September 23, 2009. The work was approved by
Bioethics Commission of Donetsk National Medical
University (No 43, dated January 21, 2021).

We examined 29 teeth that were extracted from both
jaws for some orthodontic indications and their
longitudinal sections (12 clinically intact teeth, 10 teeth
with wedge-shaped defects, 7 teeth with cervical caries)
of the patients aged 25 to 54 with the help of a JSM-6490
LV focused beam electron microscope (scanning) with
system of energy-dispersive X-ray microanalysis INCA
Penta FETx3 (OXFORD Instruments, England) based on the
previously described method.® Using the method of the
peak to background ratio local mass fractions of chemical
elements were calculated taking into consideration the
corrections for atomic number, fluorescence and
absorption, measured in normal mass percentage (normal
mass %). The mineral composition of 290 enamel and 235
dentine areas in IR, E, CA has been identified as a
percentage of the weight amounts of calcium,
phosphorus, sodium, magnesium, sulfur, chlorine, zinc,
potassium, and aluminum. The molar coefficients were
calculated as the ratio of the amounts of chemical
elements. We examined dentin at approximately the
same distance from the enamel-dentin border.

To determine possible relationships between the
chemical composition of enamel and dentin the
correlation was identified in the following groups: Group |
— teeth with a wedge-shaped defect and clinically intact
hard tissues, Group Il —teeth with cervical caries and
clinically intact hard tissues, Group Ill — teeth with cervical
pathology. The research was carried out at the base of
Donetsk Institute of Physics and Technology of the
National Academy of Sciences of Ukraine.

Statistical analysis

Using the Statistica 12.0 computer program
(3BA94C4EDO7A) we carried out statistical analysis. We
used the G*Power program to calculate the sample size.
Replication measurements were averaged in one sample
before statistical analysis. To check the presence of the

relationship between the variables, the correlation
analysis was performed (Pearson's parametric correlation
method) based on the determination of the parametric
Brave-Pearson coefficient (r) with the confidence level of
95%. Using Student's T-test we assessed the reliability of
obtained results as well as the correlation between the
indicators —based on Student's T-test using Z-test (Fisher's
Z-test). The differences were thought to be statistically
significant at p<0.05. The significance of the differences
between the groups was evaluated based on the analysis
of variance.

Results

The chemical composition of dentin in the area of IR
samples was determined at the first stage (Table 1).
Clinically intact teeth were characterized by higher molar
coefficients of P/Ca, Al/Zn, K/Na and lower ones of Na/K
(p<0.05). The values of Al/Zn molar coefficient in dentin of
intact samples were 4.5 and 1.5 times higher than in the
samples with cervical caries and a wedge-shaped defect,
respectively. Its indicators differed by 2 times depending on
the type of the pathology of hard dental tissues (p<0.05).
The chemical composition of dentin of the samples with a
carious process was characterized by higher values of the
coefficients of Na/Mg, Ca/P, Ca/Mg (p<0.05). The indicators
of Na/Mg in the teeth with cervical caries were 10.7 and 4.7
times higher than in the teeth with a wedge-shaped defect
and intact teeth, respectively. Na/Mg molar coefficient was
2.3 times higher in the group of clinically intact samples
compared to the samples with non-carious cervical
pathology (NCCL). The indicators of C/Mg in dentin of the
teeth with caries were 2.7 and 2.2 times higher than those
ones with a wedge-shaped defect and intact hard tissues,
respectively.

The chemical composition of dentin of the samples in E
region was studied at the next stage (Table 2). Dentin of
clinically intact teeth was distinguished by higher values of
molar coefficients of Al/Zn, Mg/Ca, Mg/P and lower values of
Na/Mg, Ca/Mg, K/Na (p<0.05). The indicators of Al/Zn in
intact samples were 4 and 2 times higher than in the samples
with cervical caries and a wedge-shaped defect, respectively.
The indicators of Al/Zn differed 2 times depending on the
type of cervical pathology (p<0.05). Significant differences
were identified in terms of the indicators of Na/Mg molar
coefficient. Its values were 2.5 and 4.5 times higher in dentin
of the samples with cervical caries than in the samples with a
wedge-shaped defect and clinically intact hard tissues,
respectively (p<0.05). The teeth with a carious process had
higher indicators of Ca/Mg molar coefficient: almost 2 times
higher when compared with the teeth with NCCL and 3.8
times higher when compared with intact teeth. The molar
coefficient of K/Na was 2.4 and 5 times higher in dentin of
the samples of the teeth with a wedge-shaped defect when
compared with the samples damaged by caries and intact
teeth, respectively.

The results of determining the chemical composition
of dentin in CA region are presented in Table 3. Examined
parts of dentin in CA are presented in Figure 1.
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30MKm ' 3nekTpoHHoe uzobpaxeHue 1

Figure 1-A. The sample with a wedge-shaped defect (magnification x30).

J 40MKmM ' 3nekTpoHHoe usobpaxeHue 1

Figure 1-B. The sample with cervical caries (magnification x40).
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Figure 1-C. The sample of clinically intact teeth (magnification x60).

Table 1. The molar coefficients of chemical elements in dentin of IR

Teeth with wedge-shaped

Molar

defect

Teeth with cervical caries

Clinically intact teeth

.. meanzSD mean+SD P-value
coefficients meanSD
(n=21) (n=26) (n=20)
Na/K 53.103+44.934 74.014+38.785% 43.749+42.338™ 0.048*
Na/Mg 0.846+0.225"" 9.035+10.951% 1.938+0.498"" <0.001*
Ca/P 1.802+0.030#"" 1.947+0.113 1.934+0,135 <0.001*
P/Ca 0.055+0.009%** 0.515+0.030 0.5204+0.038 <0.001*
Ca/Mg 52.717+12.024#" 143.134+149.484# 64.267+22.035™" 0.003*
Ca/Cl 294.962+126.626™" 189.292+263.410 214.443+129.909 0.188
Al/Zn 40.525+50.661"" 20.266+41.199* 62.591+50.172*" 0.014*
Mg/Ca 0.020+0.004™" 0.015+0.009 0.017+0.006 0.043*
Mg/P 0.036+0.008™" 0.028+0.018 0.034+0.013 0.144
K/Na 0.054+0.063"" 0.020+0.032# 0.058+0.051"" 0.018*

p — the statistical significance of differences; n — number of dentin areas; * (p<0.05); # — the difference of intact teeth from dentin is statistically
significant, p<0.05; ** — the difference of teeth with cervical caries from dentin is statistically significant, p<0.05.

Table 2. The molar coefficients of chemical elements in dentin of E

Teeth with wedge-shaped Teeth with Clinically intact
Molar defect cervical caries teeth
.. P-value
coefficients meanSD meanSD meanSD
(n=26) (n=41) (n=26)

Na/K 49.020+45.688 59.222+43.116 69.530+37.311 0.315
Na/Mg 2.539+3.568™" 6.255+7.5126% 1.385+0.386™" 0.005*
Ca/P 1.992+0.138* 2.051+£0.138 2.072+0.061 0.091
P/Ca 0.504+0.035# 0.490+0.034 0.483+0.014 0.078
Ca/Mg 84.479+29.760%"" 165.158+160.578* 43.774+8.171"" <0.001*
Ca/Cl 234.088+161.405™" 353.009+462.075 290.075+283.613 0.430
Al/Zn 35.145+48.867#" 17.281+38.459% 69.554+48.174"" <0,001*
Mg/Ca 0.013+0.003*# 0.015+0.012% 0.024+0.004™* <0.001*
Mg/P 0.026+0.007# 0.029+0.023* 0.049+0.007** <0.001*
K/Na 0.091+0.115#*" 0.038+0.043 0.018+0.025 0.003*

p — the statistical significance of differences; n — number of dentin areas; * (p<0.05); * — the difference of intact teeth from dentin is statistically

significant, p<0.05; ** — the difference of teeth with cervical caries from dentin is statistically significant, p<0.05.
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Table 3. The molar coefficients of chemical elements in dentin of CA

Teeth with wedge-shaped

Teeth with cervical

Clinically intact teeth

Molar defect caries
coefficients meanSD meanSD LSl P
(n=26) (n=20) i
Na/K 50.0378+44.467#" 69.095+43.137 82.969+31.480 0.019*
Na/Mg 2.638+4.672%" 10.177+6.390 9.811+23.608 0.13*
Ca/P 1.791+0,143%* 1.945+0.161*# 2.0599+0.065™" <0.001*
P/Ca 0.562+0.044#" 0.518+0.047# 0.486+0.016™" <0.001*
Ca/Mg 120.728+201.365™" 186.690+£90.962 163.451+264.068 0.411
Ca/Cl 218.106+148.323™" 108.515+67.421 160.866+127.932 0.007*
Al/Zn 35.200+48.358™" 0.970+1.018* 31.690+48.262™" 0.011*
Mg/Ca 0.014+0.005™* 0.008+0.008 0.013+0.009 0.006*
Mg/P 0.024+0.009™* 0.016+0.014# 0.027+0.017"" 0.009*
K/Na 0.421+0.137#" 0.975+0.374 1.011+0.410 <0.001*

p — the statistical significance of differences; n — number of dentin areas; * (p<0.05),* — the difference of intact teeth from dentin is statistically
significant, p<0.05; ** — the difference of teeth with cervical caries from dentin is statistically significant, p<0.05.

Intact teeth had higher values of Na/K, Ca/P, Mg/P and
K/Na (p<0.05). The indicators of K/Na in their dentin were
2.4 times higher than in the samples with NCCL. Its
indicators differed by 2.3 times in the groups of the teeth
with a cervical pathology. Na/Mg coefficient was 3.9 times
lower in the samples with a wedge-shaped defect than in
the samples with cervical caries, and it was 3.7 times
lower when compared with intact samples. Dentin of the
teeth with NCCL differed from the teeth with carious
process by 1.5 times lower values of Ca/Mg and 2 times
higher values of Ca/Cl (p<0.05). Significant differences
were determined in Al/Zn-coefficient: its indicators in the
group of the teeth with cervical caries were 36 and 32.7
times lower than in the groups of the teeth with NCCL and
intact hard tissues, respectively.

Thus, the chemical composition of dentin in clinically
intact specimens and with cervical pathology in all studied
anatomical areas differed in the values of molar
coefficients of Na/Mg, Al/Zn, Mg/Ca, K/Na (p<0.05). There
have been determined higher values of Na/Mg and lower
values of Al/Zn (p<0.05) in teeth with cervical caries.

The revealed correlations between the molar
coefficients in dentin of the studied topographical areas,
their nature are presented in Table 4. Correlation was
determined: inverse - between Ca/P and P/Ca, Mg/Ca and
Na/Mg, Ca/Mg and Mg/Ca, Mg/P and Na/Mg, Mg/P and
Ca/Mg, direct - between Ca/Mg and Na/Mg, Mg/P and
Mg/Ca (p<0.05). High correlation was found between the
molar coefficients in dentin and enamel: direct -Mg/Ca
and Mg/P, inverse - Ca/P and P/Ca, p<0.0001 (Table 5).

Table 4. Correlation between the molar coefficients of dentin, r

Molar coefficients

Molar Na/Mg Mg/P Mg/Ca Ca/P
g Area
coefficients group
| 1l 1 | Il 1 | 1l 1 | ] 1]
IR 0.551* 0.910* 0.916* -0.922* -0.735* -0.788* -0.994* -0.760* -0.803*
Ca/Mg E 0.672* 0.943* 0.913* -0.878* -0.776* -0.685* -0.889* -0.774* -0.687* -
CA 0.810* 0.977* 0.817* -0.598* -0.585* -0.615* -0.637* -0.581* -0.625*
-0.503 * * * * *
IR =0.010 0.758 0.837 0.979 0.992 0.993
Mg/Ca E -0.408 -0.684* -0.586* 0.992* 0.996* 0.995* -
p=0.008 8
-0.470
- * - * * * *
CA 0.484 =0.004 0.765 0.978 0.994 0.993
IR -0.358* -0.726* -0.819*
-0.388 . .
Mg/P E p=0.012 0.686 0.582 ) ) )
-0.476
y * o *
CA 0.452 p=0.003 0.751
IR - -0.999* -0.998* -0.999*
P/Ca E - - -0.999* -0.996* -0.997*
CA -0.996* -0.994* -0.995*

p —the statistical significance of differences; r -Pearson correlation coefficient; * (p<0.001); Group: | — teeth with a wedge-shaped defect and clinically
intact hard tissues, |l —teeth with cervical caries and clinically intact hard tissues, 11l —teeth with cervical pathology; Area: IR - incisal region (tubercle),
E - equator, CA - cervical area
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Table 5. Correlation between molar coefficients of enamel and dentin, r (p<0.0001)

Molar coefficients

Mola'r . Area Mg/P
coefficients
| ]
IR
P/Ca E -
CA
IR 0.9945 0.9949
Mg/Ca E 0.9974 0.9973
CA 0.9844 0.9947

Ca/P
group
]| | Il 1

-0.9568 -0.9646 -0.9979
-0.9773 -0.9968 -0.9782
-0.9316 -0.9857 -0.9219

0.9965

0.9964 -

0.9879

p —the statistical significance of differences; r -Pearson correlation coefficient; Group: | — teeth with a wedge-shaped defect and clinically intact hard
tissues, Il —teeth with cervical caries and clinically intact hard tissues, Ill —teeth with cervical pathology; Area: IR - incisal region (tubercle), E - equator,

CA - cervical area

Discussion

As a result of the study, the values of the molar
coefficient of Ca/P were determined in the range of 1.79-
2.07. According to other authors’ data the coefficient of
Ca/P ranged within 1.58'? that may be due to the
heterogeneity of the distribution of the chemical
elements in dental hard tissues!® and the associated
difference in obtained results.’* Compared with clinically
intact teeth at the level of 5% smaller values of the
coefficient of Ca/Mg in IR region and CA of dentin of the
teeth with a wedge-shaped defect is probably due to
tooth wear.' In all studied areas of the samples with
cervical caries the molar coefficient of Ca/Mg was higher
than in clinically intact ones that is explained by a higher
concentration of magnesium in the hard tissues of healthy
teeth according to the of data Klimuszko E. et al.®
According to Meisel P.et al. (2016) the coefficient of
Mg/Ca is serum that predicts periodontitis and tooth loss
in a 5-year follow-up.’

Higher values of Na/Mg and lower values of Al/Zn were
determined in all investigated areas of dentin of the
samples with cervical caries. The tendency in the
indicators of Na/Mg molar coefficient in the teeth with a
carious process can be explained by the revealed
significantly large amount of sodium in this group.® The
lower values of Al/Zn coefficient in the samples with
cervical caries are probably associated with a certain
reliably high amount of zinc in all studied anatomical
regions: from 3.8 times (at the E) to 23 times (in the IR)
when comparing with dentin of the patients’ teeth with a
wedge-shaped defect and intact hard tissues,
respectively.® Shishniashvili T. et al.*® (2018) determined
the increase in the content of zinc in the teeth with caries
by 28.4% that they explained by its ability to reduce the
permeability of enamel and, consequently, the transition
of the chemical elements from saliva to hard dental
tissues. Zohoori FV.et al.*® (2020) found an inverse
relationship between the incidence of tooth decay and
aluminum levels in drinking water, food and soil. Other
researchers confirmed the accumulation of aluminum and
zinc in teeth dentin from the environment.? It was not
possible to compare certain indicators of the molar
coefficient of K/Na in dentin due to the lack of the
information on its study in the available literary sources.

Correlation between the chemical composition of
enamel and dentin (magnesium and calcium, magnesium
and phosphorus) that was described in a previously
published work!® probably explains the revealed strong
direct correlation between the molar coefficients of Mg/P
and Mg/Ca in enamel and dentin. Obtained results confirm
a certain role of Mg concentrations not only in the dental-
enamel junction (according to Kuczumow A. et al. (2021))*
but also in the entire thickness of hard tissues. In our
opinion, the conducted research has confirmed the opinion
of Ferndndez-Escudero AC.et al. (2020) that dentin presents
physiological exchanges of in trace elements after a period
of mineralization and some factors can influence its
concentration??, one of which is cervical pathology.

In our opinion, the limitation of the study is the
insufficient number of the samples that is associated with
the difficulties in obtaining them taking into account the
patients’ age. We believe that the further search for
etiopathogenetic factors of the development of cervical
pathology and the development of the methods for its
prevention are promising.

Conclusions

Revealed differences in the values of molar
coefficients of chemical elements in dentin, depending on
the topographical region and the state of the hard tissues
of the teeth, their correlation with the indicators in
enamel are probably associated with the peculiarities of
the pathogenesis of a wedge-shaped defect and cervical
caries and they are one of the risk factors for their
occurrence which requires further study.
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ABSTRACT

Background: Pre-clinical removable prosthodontic training is an integral part of the undergraduate curriculum.
The objectives of the study were to evaluate the application of pre-clinical removable prosthodontic laboratory
training in general dental practice and the relevance of its teaching in the undergraduate curriculum.

Methods: A descriptive questionnaire was developed to assess the extent of the practice of pre-clinical
removable prosthodontic lab skills in their dental practice. The responses were evaluated and statistically
analyzed with a significance value of p<0.05. Three hundred-fifty-seven general dental practitioners participated
in the study.

Results: 91% with 20 years of dental practice responded positively to the application of prosthodontic training in
their practice. 55.7% with two years of training agreed to dedicate more time to clinical prosthodontics training.
Conclusions: 52.9% of the participants agreed that it would be better to dedicate more time to clinical
prosthodontics training rather than pre-clinical removable prosthodontics lab training as a part of the
undergraduate prosthodontic curriculum, among which more than 60% of the study participants had two or
more years of removable prosthodontics pre-clinical training during dental school.

Practical implications: Clinical expertise of dental graduates is an essential component in the general dental
practice. Hence, there is a need to revisit removable prosthodontic curriculum content and time distribution in
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Introduction

The motive of the dental curriculum is to upgrade and
enhance clinical abilities with consistent expert
improvement, basic thinking, and research. Thus,
educational modules should be intended to give learning
conditions that can be quantified and calibrated. These
modules are required to be adjusted according to the
current research and its application in dental practice.!

Presently in Malaysia, there is no single standard
curriculum for all dental schools. The Ministry of Higher
Education and the Ministry of Health have been working
together to promote scientifically based dental education.
The Malaysian dental curriculum consists of two years of
mainly preclinical didactic and laboratory training, and
three years of mainly clinical training, which is supervised
by different faculty members. The third year of the dental
program includes lectures and ward-round rotations in a
medical hospital as well as an introduction to clinical
dentistry. In the fourth year, students undertake didactic
clinical and laboratory coursework, and in the fifth-year
dental students are mainly involved in patient care in
dental clinics.?

Malaysian Dental curriculum content is generally like
that of the United Kingdom. Further, many of the lecturers
and dental specialists in Malaysia are trained in the UK and
Ireland.® According to National Oral Health Plan for
Malaysia, there is a need to manage and track edentulism
among young adults 35-44 years of age and the elderly of
60+ years. Edentulism has declined among Malaysian
adults, however, in 2000, 2.8% of the 35-44 age group and
32.1% of the 60-70 age group were still reported as
edentulous.* The National Oral Health Survey of Adults
reported 50.8% of elderly aged 60 years and older had
some form of oral prostheses and a majority (31.8%) were
females (Oral Health Division, 2004).° Hence there is a
need to tailor the removable prosthodontic curriculum to
satisfy the needs of the current population.

The dental curriculum for under-graduates in most dental
schools includes pre-clinical training in the initial years
followed by clinical training. Pre-clinical removable
prosthodontic training ranges from 6 months to 2 years’ time
frame although the curriculum requirements of all dental
schools in Malaysia are the same. The pre-clinical training is
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comprised mainly of laboratory procedures needed for the
fabrication of both complete and partial removable
dentures. This training includes the preparation of models,
fabrication of custom trays, record bases, occlusal rims,
mounting on articulators, teeth arrangement, and processing
of dentures. All these exercises are preceded by a lecture and
demonstration following which the students are required to
complete these individual exercises.5’

Around the world, there have been reports
emphasizing the need for dental educators to reconsider
the predoctoral prosthodontics curriculum to make it
greatly applicable to scientific practice for the overall
practitioner.®® Such a curriculum may be important
considering that millions of people without complete
dentitions will probably require prosthodontic treatment
in the 21st century.®!® Techniques that are taught in
dental schools are frequently not used in general dental
practice.’* According to the previous surveys, there are
differences between what is taught as accepted
prosthodontic practices and what is practiced.*>°

In some dental schools, students are expected to
perform all the laboratory procedures. Hence there is no
doubt that these students have a sound knowledge
regarding the technical aspect of the prosthodontic
course. But this opinion has varied as in some schools the
need for such extensive training was considered
questionable as the patient’s laboratory work was done
by the technician and the students graduated with a
desirable understanding of the lab procedures.??!

Extensive laboratory hours in some dental schools
have compromised the desirable clinical teaching hours
hence the training achieved by the graduates in
removable prosthodontics is the weakest among the
other subject of the undergraduate training program.??
However, studies exploring and evaluating the usefulness,
particularly of preclinical removable prosthodontic
learning in general dental practice are scarce.?>?*

Along these lines, dental training programs should
ceaselessly assess their part of the removable
prosthodontic educational modules to guarantee that the
dental needs of society and the objectives and targets of
the population are being met.?>?® This implies learning
and aptitudes in treating patients with edentulism will be
essential as the century advances.?® Prosthodontic
educational modules and lab delegation reviews are
valuable devices for evaluating prosthodontic
education.”® Hence, the study aimed to evaluate the
usefulness of pre-clinical removable prosthodontic
laboratory training in dental practice among general
dental practitioners in Malaysia and to evaluate the
relevance of teaching pre-clinical prosthodontics in the
undergraduate curriculum which was done with the help
of responses achieved to the developed questionnaire.

Material and Methods
A descriptive questionnaire was developed, aiming to

assess the extent of the practice pre-clinical removable
prosthodontic lab skills in their dental practice. The

qguestionnaire was developed keeping in mind, the
common procedures that general dental practitioners
encounter in their practice. Hence, this cross-sectional
face-to-face survey was conducted among government
and private general dental practitioners who attended
dental conferences in Malaysia in the year 2017. The
questionnaire was validated and pre-tested on the dental
officers at the MAHSA University, Malaysia before they
were distributed to the participants.

Ethical approval was taken by the Research Management
Centre of MAHSA University (RMC/EC10/2015). According to
a survey conducted by the Ministry of Health, Malaysia
(2013) the dentist-to-population ratio was 1:6346 with the
total number of dentists being 4558. The convenience
sampling method was used to achieve the sample size of 357
with a confidence level of 95% and a confidence interval of 5.
The survey form was prepared in English with closed-ended
responses. The purpose of the research and the risks
involved were explained to the participants before the
commencement of the study. All the participants gave
informed consent before answering the questionnaire.
Responses were obtained in person from all the participants.

The questionnaire consisted of two parts: In Part 1, the
demographic details including age, gender, and years of
practice were recorded. Along with this, participants were
questioned on the duration of pre-clinical removable
prosthodontic lab training during their undergraduate
curriculum and do they perform removable prosthodontic
procedures in their general practice. If so, are they able to
apply the knowledge gained by preclinical training to their
general practice? The participants who did not practice
removable prosthodontic procedures in their clinic were
eliminated from the study.

In part 2 of the questionnaire, a total of nine questions
were included based on the commonly taught procedures
in undergraduate pre-clinical removable prosthodontics
like manipulation of impression material, pouring of
impressions, construction of custom trays, record bases,
occlusal rims, teeth arrangement and processing of
dentures in their clinical practice. Further questions on
designing the partial denture, tracking back the
technician’s work, and willingness to correct the mistakes
in the technician’s work by themselves were also included.
Likert’s three-point scale of “always, sometimes, never”
was used to record the responses.

The final question was to ask the level of agreement
towards the statement “It would be better to dedicate
more time to clinical prosthodontic training rather than
pre-clinical ~ prosthodontic lab training in the
undergraduate curriculum.” The response to this last
question was recorded using Likert’s five-point scale for
degree of agreement. Responses were evaluated and data
were tabulated and statistically analyzed using the Chi-
Square test with a significance value of p<0.05.

Results

A total of 357 general dental practitioners participated
in the study, out of which 113 were males and 244 were
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females. The demographic variables and the response of
the participant to pre-clinical removable prosthodontics
training based on the years of practice, and period of pre-
clinical removable prosthodontic training in their
undergraduate curriculum are shown in Table 1. Of all,
94.1% responded positively regarding the application of
pre-clinical prosthodontic training in their daily clinical
practice. Interestingly, 4.2% (15) of the subjects did not
perform removable prosthodontics in their practice at all.
The responses of these subjects were eliminated from the
statistical analysis. Table 2 and 3 depicts the association
between years of practice and duration of training to the
application of preclinical removable prosthodontic lab
training in their dental practice.

Table 2 depicts a non-significant association between
years of dental practice to the application of preclinical
removable prosthodontic lab training stating the response
range between 91% to 100% irrespective of their years of
practice which ranged between less than years and more
than 20 years. Table 3 shows that 98.1% of the participants
with pre-clinical training longer than 2 years, were able to
apply their training knowledge to dental practice.

The next section of the questionnaire was designed to
gather information regarding different preclinical procedures
performed by dental practitioners during their daily practice
as seen in (Table 4). 50.3% of participants manipulated
impression materials on their own, 19.3% always poured
their patient’s impressions, 57.9% of the dentist never
fabricated custom trays, 40.6% of the participants never
fabricated record base and occlusal rim on their own, only
12% of clinicians always did teeth arrangement by
themselves and processing of dentures was never performed
by 78.9% of the clinicians. Almost 70% of the participants
always designed their patient’s partial denture, 41.8% of
subjects always corrected it on their own, majority of the
subjects always tracked the dental technician’s work to their
satisfaction. A graphic representation of the participant’s
response to questions on different preclinical laboratory
procedures is presented in Figure 1.

Almost half of the subjects, 52.9% either agreed or
strongly agreed with the statement “It would be better to
dedicate more time to clinical prosthodontic training rather
than pre-clinical removable prosthodontic laboratory
training in the undergraduate curriculum.” (Table 5) while
more than 60% of the study participants had two or more
years of Prosthodontics pre-clinical training during dental
school. Comparing years of preclinical training to response, a
statistically significant association (p-value = 0.03) was seen
when questioned about the processing of dentures on their
own, 86.7% of the participants with two years of preclinical
training never performed this procedure on their own. Half
of the participants with pre-clinical training of six months and
more than two years if not satisfied with the dental
technician’s work always do the corrections by themselves
(p-value = 0.03) and 54.7% of them never performed teeth
arrangement with a p-value of 0.02 (Table 6). Regarding the
fabrication of record bases and occlusal rims, a statistically
significant association (p-value 0.03) was observed between
the years of experience of the participants and the response
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with only 25.3% of the participants with more than twenty
years of experience prepared record bases and occlusal rims
on their own and 38.7% of them with the same experience
never perform this procedure. More than 50% of the
participants with experience of more than twenty years
strongly agreed/agreed that it would be better to dedicate
more time to clinical prosthodontics training rather than pre-
clinical prosthodontic lab training in the undergraduate
curriculum with a P value of 0.02 (Table 7).
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Discussion

The undergraduate dental curriculum is undergoing
rapid change and revision in dental schools worldwide.
Although the current undergraduate removable
prosthodontic curriculum has seen very little change in
the past years.2?’

As seen in the present study, irrespective of being
trained from different dental schools all participants did
receive pre-clinical prosthodontics training as a part of their
curriculum through the duration of training varied. The
reason could be the difference in the number of exercises
taught; expected practical assessments and could even be
the planned time dedicated to the clinic to satisfy their
clinical requirement which may also generally vary from
one university to the other. These findings are in
accordance with Weider et al who conducted a study
among 13 UK dental schools enquiring about the number of
hours spent in the laboratory and dental clinic. The results
revealed great disparity among them, four schools devoted
more time to the laboratory work whereas three dental
schools devote more time to the clinic and one school also
reported no dedicated clinical time for complete dentures
with variation in the quota of complete dentures to be
issued to the patient during the program.?

Regarding prosthodontic techniques teaching some
skills such as pouring casts and making custom trays and
wax rims may be beneficial to learn. It is critically
imperative that students learn to differentiate between
work that is up to standard and fulfills the requirements
of the case and that which does not?° as in the present
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study only 47.7% of the practitioners sometimes pour the
impressions and 57.9% of them never make custom trays
and 40.6% of them never made occlusal rims on their own.

A study was conducted by Rashedi B in 2001 wherein a
questionnaire was mailed to the chairpersons of the
prosthodontic/restorative departments of 54 U.S. dental
schools requesting information on their predoctoral
preclinical complete denture curricular content to which 43
schools responded. The overall mean number of months
that the complete denture preclinical course is offered was
five months whereas in the present study only 9% of the
participants had preclinical training of six months which
could be inclusive of both complete and partial denture
laboratory procedure and 33.3% of participants had
training period of two years and 29.7% had training of more
than two years. He also reported one school (2%) having no
laboratory component, with all teaching occurring in the
clinic which is in total contrast with the results achieved in
the present study. Twenty-seven schools (63%) reported
that students do not process their complete denture setups
made during the course and seven schools (16%) indicated
processing was done sometimes. The schools that indicated
“sometimes” commented: “if they choose to,” “first case
only,” “very rarely,” “if rushed,” “juniors yes and seniors
no,” and “relines occasionally.” This was in accordance with
the present study wherein 78.9% of dental practitioners
don’t process their dentures and only 11.4% sometimes
process them irrespective of being trained during
preclinical years.'?

The results of the present study reveal most dental
practitioners do not perform laboratory procedures such
as the fabrication of special trays, record bases, occlusal
rims, artificial teeth arrangement, and processing of the
dentures on their own. Hence, the preparation of one of
these kinds or a demonstration of these steps during the
preclinical year could be just enough for the dental
student to judge the quality of work produced by the
dental technicians. Another reason could be the
availability of all the Ilaboratory instruments and
equipment in their clinical setup and the time needed for
executing these lab procedures, which a dentist would
prefer to give in their clinical practice.

As observed in the present study, 54.7% (187)
participants did not perform teeth arrangement
irrespective of their training, which could be due to the easy
availability of trained dental technicians. Singh et al
reported 88.6% of the practitioners get their lab work done
by technicians and use their expertise to evaluate whether
the work done by technicians is acceptable or not.?

For many years, fundamental problems have been
observed among dental professionals when prescribing,
designing, and fabricating removable partial dentures.3%-3®
Sykora has doomed the practice of lab technicians
designing the removable partial denture frameworks as
they cannot make correct decisions without biological
knowledge of the oral structures. This is in line with the
findings of the present study as only 9.9% of the
practitioners’ used lab technicians for designing their
framework.%’

The current trend appears toward more work being
delegated to the laboratory technician, with student
involvement not needed in every laboratory step.3%%
Weider et al investigated the opinions of a cohort of dental
practitioners in the UK regarding their skill and competence
in their educational background in complete denture and
revealed the average number of dentures made was only
three and 37% felt that their training has given them
experience and confidence in complete dentures.*®

General dental practitioners' perceptions of
removable - prosthodontics in the undergraduate
curriculum in New Zealand supported modifications in the
existing removable prosthodontics curriculum to suit the
modern general dental practice and to focus more on the
clinics by reducing students’ exposure time to the
laboratory.** Similarly in the present study, more than 50
% of the practitioners also agreed to dedicate more time
to clinics rather than a lab. This could be due to their
clinical perception they foresee that the dentist who
graduated are not confident to accept edentulous
patients, which was also stated by Clark.?°

Conclusions

52.9% of the participants agreed that it would be better
to dedicate more time to clinical prosthodontics training
rather than pre-clinical removable prosthodontics lab
training as a part of the undergraduate prosthodontic
curriculum, among which more than 60% of the study
participants had two or more vyears of removable
prosthodontics pre-clinical training during dental school. As
observed in this study, the dental clinician does not perform
certain procedures on their own for example, 78.9% of the
dental practitioners in the present study never acrylized
their patient’s dentures and around 50% of the participant
never fabricated special trays, record bases, and occlusal
rims or performed artificial teeth arrangement irrespective
of being trained during preclinical years. Hence, this
necessitates an open discussion on removable
prosthodontic curriculum content and its allocated time
within the undergraduate dental program.
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Table 1. Demographic variables and the response of the participant to pre-clinical removable prosthodontics training

Demographic variables of the participants (n=357)

Gender

Number of years of dental practice

Frequency (n)  Percentage (%)

Participants’ response to pre-clinical removable prosthodontics training

What was the time allocated for pre-clinical removable prosthodontic lab

training in your university?

Are you able to apply pre-clinical removable prosthodontic training in your ~ Yes

daily clinical practice?

Do you perform removable prosthodontics procedures in your clinic?

Male 113 31.7
Female 244 68.3
<5years 164 45.9
5—-9years 60 16.8
10 — 14 years 30 8.4
15 -19 years 25 7.0
>20 years 78 21.8
6 months 32 9.0
1 year 100 28.0
2 years 119 33.3
>2years 106 29.7

336 94.1
No 21 5.9
Yes 342 95.8
No 15 4.2

Table 2. Association between years of practice and application of preclinical removable prosthodontic lab training in their dental practice

Are you able to apply training in your practice

Fisher's Exact Test

Years of practice

No

<5years 12
7.3%

0
5 -9 years 0.0%

10 - 14 years 0
0.0%

15-19 2
—19 years 8.0%

>20 years /
9.0%

| 21
Tota 5 9%

*p<0.05 Statistically Significant, p>0.05 Non-Significant, NS

Total
Yes ota p-value
152 164
92.7% 100.0%
60 60
100.0% 100.0%
30 30
100.0% 100.0%
>3 ’ . ’ 0.054(NS)
92.0% 100.0%
71 78
91.0% 100.0%
336 357
94.1% 100.0%

Table 3. Association between duration of training and application of preclinical removable prosthodontic lab training in their dental practice

Are you able to apply training in your practice?

Chi-Square Test

Duration of training

No
6
6 months
18.8%
1 year 4
4 4.0%
9
2 years
7.6%
2
>2 years
1.9%
21
Total
5.9%

*p<0.05 Statistically Significant, p>0.05 Non-Significant, NS
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Total i-
Yes Chi-Square P-Value
Value
26 32
81.3% 100.0%
96 100
96.0% 100.0%
110 119
13.87 0.003*
92.4% 100.0%
104 106
98.1% 100.0%
336 357
94.1% 100.0%
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Table 4. Participants’ response to different preclinical procedures, if they perform removable prosthodontics procedures in their
daily practice (n=342)

Always Sometimes Never

1. Manipulation of the impression material is done by me 172 (50.3) 142 (41.5) 28 (8.2)
2. Pouring of the impressions is done by me 66 (19.3) 163 (47.7) 113 (33.0)
3. Construction of the custom trays is done by me 52 (15.2) 92 (26.9) 198 (57.9)
4. Fabrication of the record bases and occlusal rims is done by me 89 (26.0) 114 (33.3) 139 (40.6)
5. Artificial teeth arrangement for denture patients is done by me 41 (12.0) 114 (33.3) 187 (54.7)
6. Processing (acrylization) of dentures is done by me 33(9.6) 39 (11.4) 270(78.9)
7. Designing of the partial denture framework is done by me 224 (65.5) 84 (24.6) 34 (9.9)
8. If you are not satisfied with your dental technician’s work, you correct it by yourself ~ 143(41.8) 171(50.0) 28(8.2)
9. Do you track your dental technician’s work to your satisfaction? 222(64.9) 101(29.5) 19(5.6)

*p<0.05 Statistically Significant, p>0.05 Non-Significant, NS

Table 5. Participants’ responses to the statement- “It would be better to dedicate more time on clinical prosthodontic training rather
than pre-clinical prosthodontic laboratory training in undergraduate

Frequency (%)
10. To what extent do you agree or disagree with this statement: “It Stror;gl:/ezgree f490((1339'72))
would be better to dedicate more time on clinical prosthodontic Negutral 82(23 ('))
training rather than pre-clinical removable prosthodontic laboratory Dy 67(18.8)
training in undergraduate curriculum”. Strongly disagree 19(5.3)

Table 6. Comparison of years of preclinical removable prosthodontic lab training to responses, among clinicians who perform
removable prosthodontics procedure in their daily practice
Time allocated to preclinical removable prosthodontic lab
training in your university

Chi-square test

Total Chi-square

6 months 1year 2 years >2 years value p-value
Always 13(43.3%) 47 (48.5%) 56 (49.6%)  56(54.9%)  172(50.3%)

Ql  Sometimes  13(43.3%)  41(42.3%)  51(45.1%)  37(36.3%)  142(41.5%) 4.17 0.61 (NS)
Never 4(13.3%) 9(9.3%) 6(5.3%) 9(8.8%) 28(8.2%)
Always 6(20.0%) 20(20.6%)  22(19.5%)  18(17.6%)  66(19.3%)

Q2 Sometimes  13(43.3%)  48(49.5%)  51(45.1%)  51(50.0%)  163(47.7%) 131 0.97 (NS)
Never 11(36.7%)  29(29.9%)  40(35.4%)  33(32.4%)  113(33.0%)
Always 3(10.0%) 19(19.6%)  13(11.5%)  17(16.7%)  52(15.2%)

Q3 Sometimes  12(40.0%)  27(27.8%)  27(23.9%)  26(25.5%)  92(26.9%) 6.99 0.32 (NS)
Never 15(50.0%)  51(52.6%)  73(64.6%)  59(57.8%)  198(57.9%)
Always 7(23.3%) 29(29.9%)  24(21.2%)  29(28.4%)  89(26.0%)

Q4 Sometimes  11(36.7%)  38(39.2%)  30(26.5%) 35(34.3%)  114(33.3%) 10.81 0.09 (NS)
Never 12(40.0%)  30(30.9%)  59(52.2%) 38(37.3%)  139(40.6%)
Always 2(6.7%) 17(17.5%)  11(9.7%) 11(10.8%)  41(12.0%)

Q5  Sometimes  11(36.7%)  37(38.1%)  26(23.0%)  40(39.2%)  114(33.3%) 14.84 0.02*
Never 17(56.7%)  43(44.3%)  76(67.3%) 51(50.0%)  187(54.7%)
Always 1(3.3%) 14(14.4%)  9(8.0%) 9(8.8%) 33(9.6%)

Q6  Sometimes  3(10.0%) 11(11.3%)  6(5.3%) 19(18.6%)  39(11.4%) 14.24 0.03*
Never 26(86.7%)  72(74.2%)  98(86.7%) 74(72.5%)  270(78.9%)
Always 19(63.3%)  61(62.9%)  72(63.7%) 72(70.6%)  224(65.5%)

Q7 Sometimes  10(33.3%)  28(28.9%)  23(20.4%) 23(22.5%)  84(24.6%) 9.88 0.13 (NS)
Never 1(3.3%) 8(8.2%) 18(15.9%) 7(6.9%) 34(9.9%)
Always 15(50.0%)  40(41.2%)  37(32.7%) 51(50.0%)  143(41.8%)

Q8 Sometimes  12(40.0%)  49(50.5%)  61(54.0%)  49(48.0%)  171(50.0%) 13.91 0.03*
Never 3(10.0%) 8(8.2%) 15(13.3%) 2(2.0%) 28(8.2%)
Always 18(60.0%)  61(62.9%)  69(61.1%) 74(72.5%)  222(64.9%)

Q9 Sometimes  11(36.7%)  31(32.0%)  34(30.1%) 25(24.5%)  101(29.5%) 6.69 0.35 (NS)
Never 1(3.3%) 5(5.2%) 10(8.8%) 3(2.9%) 19(5.6%)
ztgrr‘;r;g'y 1(3.3%) 12(12.4%)  19(16.8%) 14(13.7%)  46(13.5%)
Agree 15(50.0%)  35(36.1%)  44(38.9%) 38(37.3%)  132(38.6%)

Q10 Neutral 9(30.0%) 26(26.8%)  22(19.5%) 2221.6%)  79(23.1%) 9.42 0.67 (NS)
Disagree 4(13.3%) 18(18.6%)  24(21.2%) 20(19.6%)  66(19.3%)
Zzggi‘é 1(3.3%) 6(6.2%) 4(3.5%) 8(7.8%) 19(5.6%)
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Table 7. Comparison of years of experience and responses, among clinicians who perform removable prosthodontics procedures in

their daily practice

Years of practice

Chi-square test

<5 years 5-9 years 10-14 15-19 >20 years Total Chi-square P
years years value value
Always 75(47.5%) 29(50.0%) 10(37.0%) 14(58.3%) 44 (58.7%) 172(50.3%) 0.39
Ql Sometimes 68(43.0%) 26(44.8%) 14(51.9%) 10(41.7%) 24 (32.0%) 142 (41.5%) 8.46 (I;IS)
Never 15(9.5%) 3(5.2%) 3(11.1%)  0(0.0%) 7(9.3%) 28(8.2%)
Always 32(20.3%) 7(12.1%)  3(11.1%)  4(16.7%)  20(26.7%) 66(19.3%) 0.15
Q2 Sometimes 77(48.7%) 33(56.9%) 9(33.3%)  12(50.0%) 32(42.7%) 163(47.7%) 11.98 (|;15)
Never 49(31.0%) 18(31.0%) 15(55.6%) 8(33.3%)  23(30.7%) 113(33.0%)
Always 22(13.9%) 11(19.0%) 3(11.1%)  5(20.8%)  11(14.7%) 52(15.2%) 0.91
Q3 Sometimes 40(25.3%) 15(25.9%) 7(25.9%)  8(33.3%)  22(29.3%) 92(26.9%) 3.30 (|;15)
Never 96(60.8%) 32(55.2%) 17(63.0%) 11(45.8%) 42(56.0%) 198(57.9%)
Always 36(22.8%) 24(41.4%) 6(22.2%)  4(16.7%)  19(25.3%)  89(26.0%)
Q4 Sometimes 47(29.7%) 20(34.5%) 8(29.6%)  12(50.0%) 27(36.0%) 114(33.3%) 16.23 0.03*
Never 75(47.5%) 14(24.1%) 13(48.1%) 8(33.3%)  29(38.7%) 139(40.6%)
Always 24(15.2%) 8(13.8%)  1(3.7%) 3(12.5%)  5(6.7%) 41(12.0%) 0.57
Q5 Sometimes 50(31.6%) 17(29.3%) 10(37.0%) 10(41.7%) 27(36.0%) 114(33.3%) 6.68 (N'S)
Never 84(53.2%) 33(56.9%) 16(59.3%) 11(45.8%) 43(57.3%) 187(54.7%)
Always 19(12.0%) 5(8.6%) 1(3.7%) 3(12.5%)  5(6.7%) 33(9.6%) 0.71
Q6 Sometimes 22(13.9%) 6(10.3%)  3(11.1%)  1(4.2%) 7(9.3%) 39(11.4%) (,:ls)#
Never 117(74.1%)  47(81.0%) 23(85.2%) 20(83.3%) 63(84.0%) 270(78.9%)
Always 108(68.4%)  42(72.4%) 19(70.4%) 16(66.7%) 39(52.0%) 224(65.5%) 0.32
Q7 Sometimes 35(22.2%) 11(19.0%) 6(22.2%)  7(29.2%)  25(33.3%)  84(24.6%) 9.34 (1;15)
Never 15(9.5%) 5(8.6%) 2(7.4%) 1(4.2%) 11(14.7%)  34(9.9%)
Always 70(44.3%) 17(29.3%) 9(33.3%)  8(33.3%)  39(52.0%) 143(41.8%) 0.09
Q8 Sometimes 73(46.2%) 39(67.2%) 16(59.3%) 14(58.3%) 29(38.7%) 171(50.0%) 13.83 (l;ls)
Never 15(9.5%) 2(3.4%) 2(7.4%) 2(8.3%) 7(9.3%) 28(8.2%)
Always 100(63.3%)  35(60.3%) 19(70.4%) 14(58.3%) 54(72.0%) 222(64.9%) 0.61
Q9 Sometimes 49(31.0%) 20(34.5%) 6(22.2%)  7(29.2%)  19(25.3%)  101(29.5%) (r:15)
Never 9(5.7%) 3(5.2%) 2(7.4%) 3(12.5%)  2(2.7%) 19(5.6%)
22::?'" 20(12.7%)  10(17.2%)  1(3.7%) 5(20.8%)  10(13.3%)  46(13.5%)
Agree 71(44.9%) 19(32.8%) 12(44.4%) 6(25.0%)  24(32.0%) 132(38.6%)
Q10 Neutral 42(26.6%) 11(19.0%) 9(33.3%)  6(25.0%)  11(14.7%) 79(23.1%) 19(5.6%)  0.02*
Disagree  19(12.0%) 13(22.4%) 3(11.1%)  5(20.8%)  26(34.7%) 66(19.3%)
ng:;f'eye 6(3.8%) 5(8.6%) 2(7.4%) 2(8.3%) 4(5.3%)
#Fishers exact test
*p<0.05 Statistically significant, p>0.05 Nonsignificant
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Appendix A

Questionnaire:
Please (V) wherever applicable.
Demographic variables

Gender: Male E Female E

Age:

Nationality:

No. of years in dental practice: <5yrs | | 5-9yrs [ |

10-14yrs| | 15-19yrs| | >20yrs| |

What was the time allocated for pre-clinical

removable prosthodontic training in your university?

6 months E 1 year E
2 years E > 2 years E

Are you able to apply your pre-clinical removable
prosthodontic training in your clinical practice?

Yes |:| No |:|

Do you perform removable prosthodontics

procedures in your clinic?

Yes‘ ‘ NO‘ ‘

If yes, answer the questions below:
1. Manipulation of the impression material is

done by me.

a. Always [ ]
b. Sometimes [ |
c. Never [ ]

2. Pouring of the impressions is done by me.
a. Always [ ]
b. Sometimes [ ]
c. Never ]

3. Construction of the special trays is done by me.
a. Always [ ]
b. Sometimes L]
c. Never [ ]

16

10.

Fabrication of the record bases and occlusal
rims is done by me.

a. Always ]
b. Sometimes [ 1]
c. Never [ ]

Atrtificial teeth arrangement for denture
patients is done by me.

a. Always [ ]

b.  Sometimes [ ]

c. Never ]
Processing (Acrylization) of the denture is
done by me.

a.  Always [ ]

b. Sometimes [ ]

c. Never [ ]
Designing of the partial denture framework is
done by me.

a. Always ]

b. Sometimes ]

c.  Never [ ]

If you are not satisfied by your dental
technician’s work, you correct it by yourself.

a. Always [ ]
b. Sometimes [ ]
c. Never [ ]

Do you track your dental technician’s work to
your satisfaction?

a. Always [ ]
b. Sometimes [ ]
c. Never [ 1]

To what extent do you agree or disagree with
this statement: “It would be better to dedicate
more time on clinical prosthodontic training
rather than pre-clinical removable
prosthodontic lab training in undergraduate
curriculum”.

a. Strongly agree [ |

b. Agree [ ]
c. Neutral [ ]
d. Disagree [ ]
e. Strongly disagree [ |
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ABSTRACT

Objective: The study aimed to evaluate the variations in the RCM of mandibular first premolars (MFP) in south
Indians and also evaluated the gender dimorphism and contralateral symmetry of pattern.

Methods: 200 Cone Beam Computed Tomography (CBCT) images of MFP of patients above 18 years were
analysed for the root canal morphology after excluding the distorted images, endodontically treated tooth or
fractured root. The teeth were carefully evaluated in cross sectional, axial and coronal sections and the
information regarding the number of roots and the type of root canal as per Vertucci’s classification.
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Introduction

The maxillary and mandibular premolar teeth are
known to have significant morphological variations in root
canals compared to other teeth. It is reported more
commonly in maxillary second premolars and mandibular
first premolars.*™® A thorough knowledge and
understanding of root canal morphology(RCM) is vital for
the success of root canal therapy.>>®

Mandibular first premolars (MFP) have two pulp
horns; a large buccal horn with sharp outline and an
inconspicuous round lingual horn.” Access to the buccal
root canal is easily achieved, whereas the lingual canal
access is complicated due to the deviating path. The
lingual inclination of these teeth also makes it difficult to
locate the lingual orifice as the file insertion will be
directed towards the buccal aspect of the tooth®
Moreover, frequent morphologic variations like C-shaped
canals and extra root canals cause challenges in the
biomechanical preparation and in obturation phases.>™*5

Various methods have been used to identify and
record the root canal morphologies, some of which are
two-dimensional radiographs, staining methods for root
canals, sectioning of the dental hard tissues, micro-CT,
and CBCT (Cone-Beam Computed Tomography) scanning.

CBCT is superior to traditional radiographs and other
digital imaging methods.'® The images procured by the
CBCT are depicted in axial, sagittal, and coronal sections,
and it also shows reduced superimposition by adjacent
structures.

There is a general lack of literature on the variations in
RCM of MFP in the south Indian population.®*’=2° Hence, we
aimed to evaluate the variations in RCM of MFP in the south
Indian subpopulation. We also aimed to compare the root
canal configurations with gender and symmetry
considering the number of roots in MFP. The study aimed
to evaluate the variations in the RCM of mandibular first
premolars (MFP) in south Indians and also evaluated the
gender dimorphism and contralateral symmetry of pattern.

Material and Methods

A retrospective study on 200 CBCT images with MFP
was conducted. We included CBCT images of individuals
aged above 18 years with MFP. We have excluded images
that were distorted, images with MFP which had
endodontic treatment, fractured root, incomplete root
formation, coronal or post endodontic restorations, and
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physiological or pathological processes such as root
resorption. A well-experienced radiologist performed
CBCT imaging following the recommended protocol with
the minimum exposure necessary for adequate image
quality. CBCT images were obtained with i-CAT 17-19
Imaging System (Imaging Sciences International, USA).
Exposure parameters were further adjusted according to
patient indication for imaging. Image enhancement tools
like zooming, contrast, and brightness adjustments, were
used for better visualization and adjustment. Coronal,
cross-sectional, and axial sections of the images were
used to analyze the root morphology pattern. This study
was conducted in the department of Oral Medicine and
Radiology. The study protocol was approved by the
institutional ethics committee, Kasturba Medical college
and Kasturba Hospital, Manipal, India (Decision date-
8.10.2019, IEC no- 726/2019)

The CBCT images were assessed using Anatomage
software under standard illumination conditions by a
single trained radiologist. Repeat assessment of 10%
images was done after one month. Also, 10% of the
images were randomly evaluated by an experienced
radiologist. A Kappa value of 0.7 was obtained, showing
substantial inter and intra-observer reliability. Each image
was studied based on the number of roots and the canal
morphology in each root according to the Vertucci’s
classification.?*

All the analysis was done using SPSS version 20. A p-
value of <0.05 was considered statistically significant. Right,
and left side variations, intra, and inter-examiner reliability
were assessed using Kappa Coefficient. Comparison of RCM
with sex was done using Fisher's exact test.

Results

A total of 200 MFP were assessed for their RCM, out of
which 102 were left MFP, 166 had single root, 33 had two
roots, and one had three roots (Table 1). In both right and
left MFP, Vertucci's Type-l was the most common root
canal configuration present (69.6% and 93% respectively),
followed by and Type V (12.5%) on the right side and Type
11 (12.3%) on the left side (Table 1).

In single-rooted teeth, the right and left distribution of
various RCM was compared using the Kappa coefficient.
There was a 74% similarity on the right and left side
distribution of RCM (Kappa=0.39). The right and left
distribution of RCM was done independently for buccal
and lingual root canals in two rooted teeth. In the buccal
root, the similarity was 54.54% (Kappa=0.058). However,
a high similarity was seen in the lingual root (81.81%;
Kappa =0.421).

Significant differences were seen in the distribution of
RCM of single-rooted teeth on both the sides. In both right
and left MFP, the distribution of the type | pattern was
significantly higher in females than males (P=0.046 and
0.041), respectively (Table 2). However, no significant
differences were seen in the distribution of RCM of two
rooted teeth with sex on both the sides in buccal and
lingual root canals (Table 3).
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Discussion

The number of roots and root canal morphology in
human population shows great diversity. Previous studies
have utilized different methodologies to assess the root
canal morphology and have reported complex internal
anatomy of the MFP. Thorough knowledge of such
variations in every population is indispensable. The
advances in dental materials and diagnostic tools have
along with thorough knowledge of canal morphology have
increased the success rate of endodontic therapy, even in
complex root canal configurations.t”:?2

Literature shows the presence of extra root and extra
canals in the mandibular first premolar.?>?* Present study
showed that 79.8% of the teeth had a single root and
16.7% had two roots, and only one tooth had three roots.
These observations were similar to previous studies.
Studies done in India have reported that single RCM is the
most common canal morphology.’®% Sert and Bayirli
reported 60.5% with a single canal and 39.5% with two or
more canals.? Singh and Pawar reported that 76% had a
single canal, 22 had two canals, and 2% had three canals.?®
Trope et al. showed 89.1% to have single-rooted teeth,
10.9% to have two rooted teeth.? Yu et al. reported that
98% had a single root, and 2% had two roots.® Yang et al.
reported 77.14% had single-rooted canals.?®

Our study showed that Type | configuration (85.5%) is
the most common pattern in MFP, which was in line with
observations from the previous researches (50-88%)
(Table 4).3°27-351017-21.25,26 Thjs was followed by Type llI
configuration (13%), which was similar to study by Sert
and Bayirli among the Turkish population.®> However,
these studies have reported that the 2" most common
pattern was C-shaped morphology. On the contrary
present study, C-shaped configuration was noted in only
1% of the sample (Table 4).

Very few studies in the literature have evaluated the
significant differences in RCM with respect to gender and
quadrant wise distribution. We observed type |
configuration to be the most commonly present
configuration in both males and females on the right and
left sides, which was in accordance to earlier reports.333
The symmetry of RCM in contralateral premolars has been
studied previously.3¥3%37 Qur study also showed that in
single-rooted teeth, there was 74% symmetry, while in
two rooted teeth, it was only 55% in buccal and 82% in
lingual root canals. This was lower than previous
studies.3*3” While one study reported that there were
only a few pairs that showed such symmetry.3¢

Our sample showed one 3-rooted tooth, and 1% of the
sample showed C-shaped canals. Previous studies have
reported diverse and miscellaneous configurations like
circumferential canals®, Types like 1-3, 1-2-3, 2-1-3, and
2-1-2-1, 3! types 2-3, and 1-4.2° However, such patterns
were not reported in our sample. In both males and
females, type | configuration was the most common
pattern with symmetry in contralateral mandibular single-
rooted first premolars. We used CBCT images to assess the
variations in the RCM, which is superior to conventional
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radiography and digital radiographic techniques. It is
validated valuable tool to evaluate the complex canal
morphology to improve the outcomes of endodontic
therapy.

canal morphological variations for better endodontic
treatment outcomes and good prognosis.
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Table 1. Sample characteristics, number of roots and root canal morphology
Number of roots Root canal Morphology

Number of C
0 _
teet 1 2 3 Type | Type Il Type llI Type V Type VI Type VII shaped
Left 102 82 20 0 93 (76.2) 2(1.6) 15 (12.3) 8 (6.6) 0(0) 3(2.5) 1(0.8)
Right 98 84 13 1 78(69.6) 3(2.7) 11(9.8) 14(12.5) 2(1.8) 3(2.7) 1(0.9)
Total 200 166 33 1 171 5 26 20 2 6 2

Table 2. Comparison of root canal morphology with sex on right and left side in single rooted premolars (n=77)
Sex

Male Female P-value

Left N(%) N(%)

Type | 27(69.2) 34(89.5)

Type II 1(2.6) 1(2.6)

Type lII 8(20.5) 1(2.6) ;

Type V 1(2.6) 0(0) 0.041; Sig

Type VII 2(5.1) 1(2.6)

C 0(0) 1(2.6)
Right

Type | 24(61.5) 30(78.9)

Type Il 2(5.1) 1(2.6)

Type Il 6(15.4) 4(10.5)

Type V 4(10.3) 0(0) 0.046; Sig

Type VI 0(0) 2(5.3)

Type VII 3(7.7) 0(0)

C 0(0) 1(2.6)

Table 3. Comparison of root canal morphology with sex on right and left side in double rooted premolars (n=11)

Sex P-value
Male Female
Buccal N(%) N(%)
Lot Type | 5(83.3) 4(80) >0.99
Type Il 1(16.7) 1(20)
: Type | 3(50) 4(80)
Right Tae 3(50) 1(20) 0.545
Lingual
Type | 4(66.7) 5(100)
Left Type Il 1(16.7) 0(0) =
Type V 1(16.7) 0(0)
. Type | 4(66.7) 5(100)
Rel Type V 2(33.3) 0(0) 0.455
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Table 4. Review of root canal morphology from earlier studies

Author Year Population N il
used |
. ) 20 .
1. Pinedaetal 1972 Mexico ) Radiograph  69.3
- 139 .
2. Zillich & Dowson 1973 US 3 Radiograph 66
3. Vertucci 1984 US 400 D&C 70
4. Baisden et al 1992 US 100 Sectioning 76
5. Caliskan et al 1995 Turkey 100 D&C 64.15
6. Sert & Bayirli 2004 Turkey 200 D&C 60.5
7. lyeretal* 2006 India (2)00 RVG 75.4
8. LuTzu-Yietal 2006 China 82 Sectioning 54
9. Awawdeh & Al-Qudah 2007 Jordan 500 D&C 58.2
10. Velmurugan&Sandhya 2009 India 100 D&C 72
11. Jain & Bahuguna 2011 India 138 D&C 67.39
12. Parekh et al 2011 India 40 D&C 50
13.Yuetal. 2012 China 174 CBCT 86.8
14.Yang et al 2013 China 440 CBCT 76.14
15. Shetty et al 2014 India 218 CBCT 83.81
16. Singh and Pawar 2014 India 100 D&C 80
17. Abraham & Gopinath 2015 UAE 100 Clearing 65
method
Saudi
18. Alfawaz et al 2019 . 391 CBCT 88
Arabia

19. Shrestha et al 2019 Nepal 150 D&C 72
20. Present study 2021 India 200 CBCT 85.5
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ABSTRACT

Objective: To assess the association of burnout with socio-educational variables in a sample of Chilean dental
students

Material and Methods: A cross-sectional study was carried out on dental students in their 4t/5t% years of
Universidad de Concepcion. The following variables were considered: sociodemographic (sex, age, with whom
the student lives and commune of origin), educational (course, course failure, number of years behind and their
cause, number of career options, funding, and secondary school type), and burnout using the Burnout-MBI-SS
(Maslach's Burnout Inventory for students). Descriptive statistics were made, Shapiro-Wilk test was used to
assess normality, as non-normal distribution was verified for MBI-SS, Mann-Whitney and Kruskal-Wallis was

used to estimate statistical differences amongst categorical variables, and Spearman for correlations.
Results: Most students were in 4th year, female with a mean age of 23. For the majority, dental school was
their first option, and were studying with a scholarship. Most of them lived with their nuclear family and 58%
had at least failed one course. MBI subscales’ levels distribution is as follows: Emotional exhaustion (EE,
16.47% low, 31.76% moderate, and 51.76% high), Depersonalization (DP, 18.82% low, 24.71% moderate, and
56.47% high), and Personal accomplishment (PA, 7.65% low, 31.76% moderate, and 60.59% high). Statistical
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significant correlations were only found for Depersonalization with students’ age (rho= 0.2420) and

Conclusions: Dental students from the University X, which are female, attending their fifth year, and students
who failed courses, especially clinical ones, exhibit higher levels of burnout.
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Introduction

Work and academic activities are by themselves a
source of stress?3, whereas dental practice is one of the
health professions that produce more anxiety.*> Stress
has also been described in students, whereas dental
students report higher levels of stress than medical
students.® In addition to stress, a phenomenon typical of
those who work in personal care has been described:
burnout.” Burnout is "a syndrome of emotional fatigue,
depersonalization and low personal fulfillment, which can
occur among individuals who work with people" and which
originates as a prolonged response of the body to
environmental factors to which it cannot adapt.>® This
syndrome mainly affects professionals and students who
are more committed to a humanistic philosophy of work
in direct contact with people.®*°

Students who suffer burnout are more predisposed to
the use of medications to control anxiety, manage cognitive
performance problems, and regulate sleep problems or
symptoms of depression.! If burnout is not treated in time,

22

it could be a precursor to deterioration in mental health,
leading to long-term depression and suicide.*'?'3 Dental
students present high rates of burnout as a consequence of
highly demanding professional training, accompanied by
high fees and difficult recovery of investment, which
translates into high levels of dissatisfaction with low
personal fulfillment.}*'> Moreover, during clinical courses
the students must develop skills such as therapeutic and
psychological management of the complex dental patient
(who may experience anxiety, pain, and fear) which
increases burnout levels.>418

Burnout in dental students is mainly related to social and
educational factors.>>%> Though there are studies in Chile
that explored most of these variables, the impact on burnout
levels of the separation of the student from his family when
studying in another city, course reprobation, or type of
funding is lacking.*>*° Thus, this paper aims to determine the
association of burnout with socio-educational variables in a
sample of Chilean dental students.
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Material and Methods

Study design, settings, and participants

A cross-sectional study was carried out, including
dental students from the Universidad de Concepcion,
corresponding to the 4"/5% year, as in those years dental
students begin their clinical courses. The Universidad de
Concepcion is one of the oldest, most traditional, and
prestigious universities in Chile, the 2" biggest city in
Chile.

All students who were enrolled in clinical courses were
included, regardless of whether they have failed any
course. Exchange students were excluded because they
are exposed to different risk factors and the language and
cultural barrier of the version of the instrument. There
was no sample size calculation, as the target was the
whole population.

Variables

The data collection included sociodemographic
variables: sex (female/male), age (in years), with whom
the student lives (nuclear family/extended family/student
room) and commune of origin (name of the commune);
and educational variables: course (fourth or fifth year),
course failure (yes/no) number of years behind (in years)
and their cause (clinical/practical/theory), number of
career option (1%%/ 2"Y/3"), funding (loan/free grant/loan
+ free grant/self-funding/other), and secondary school
type (Public/Private/Subsidized); and burnout using the
Maslach's Burnout Inventory for students (MBI-SS). MBI-
SS had been extensively used to assess burnout amongst
health students, thus it was choosen for comparison with
other studies.”?

The MBI-SS validated in Chile!” was used. The MBI-SS
measures the 3 aspects of the syndrome: emotional
fatigue, depersonalization, and personal fulfillment. The
emotional exhaustion subscale consists of 7 questions and
assesses the experience of being emotionally exhausted
by the demands of work, the maximum score is 42 points.
Similarly, the depersonalization subscale is made up of 7
questions and assesses the degree to which each one
recognizes attitudes of coldness and detachment, the
maximum value is 42 points. Finally, the lack of personal
fulfillment subscale is made up of 8 items, which assess
feelings of self-efficacy and personal fulfillment at work.
the maximum value is 48. To consider the presence of
Burnout Syndrome, high scores are considered for
emotional fatigue and depersonalization and low for
personal fulfillment. MBI-SS subscales were categorized in
three levels: low, moderate and high, as suggested in the
Maslach Burnout Inventory Manual.?’ There is not widely
accepted cutoff points to diagnose burnout using MBI-SS,
thus the results are shown for subscales levels.

Measurement
The students participated freely by previously signing
an informed consent. Two researchers collected

sociodemographic data and the application of the
instrument through an self-applied survey. Students were

contacted in the classroom, at the beginning of theory or
clinical activities, during the first two months of the
second semester of 2019. Each course was visited twice in
case a student was absent the first time. There was no
monetary nor academic compensation associated with
participation.

Ethics

This study was authorized by the Bioethics Committee
of the School of Dentistry of the Universidad de
Concepcion (C.E.C. N °016/ 18).

Data analysis

Data were tabulated in MS Excel (Microsoft Corp.,
USA) and then analyzed with STATA 10/SE (Stata Corp.,
USA). Descriptive statistics for quantitative were made
using mean and standard deviation for normal
distribution variables, and median and interquartile range
for non-normal distribution variables; for categorical
variables, frequency and percentage distribution were
calculated. Shapiro-Wilk test was used to assess
normality, as non-normal distribution was verified for
MBI-SS and its subscales, Mann-Whitney and Kruskal-
Wallis was used to estimate statistical differences
amongst categorical variables, and Spearman for
correlations (p < 0.05).

Results

One-hundred and seventy dental students were
included as they answered the entire survey, 65.88% were
women, and the age mean was 23.14 years, with a
participation rate of 87%. The characterization of the
sample is shown in Table 1.

MBI subscales’ levels distribution is as follows:
Emotional exhaustion (EE, 16.47% low, 31.76% moderate,
and 51.76% high), Depersonalization (DP, 18.82% low,
24.71% moderate, and 56.47% high), and Personal
accomplishment (PA, 7.65% low, 31.76% moderate, and
60.59% high). MBI subscales have non-normal distribution
(p < 0.05), thus, non-parametric tests were used to assess
statistical significance. MBI subscales’ scores by socio-
educational variables are shown in Table 2. Statistically
significant correlations were only found for DP and
students’ age (rho = 0.2420, p = 0.0015) and reprobation
years (rho = 0.1838, p = 0.0164).

Discussion

More than half of the surveyed students present high
levels of burnout considering the MBI-SS subscales, which
is very worrying since the data was collected at the
beginning of the academic year. This situation implies that
the syndrome is not resolved even with a (summer) break
from the stressor but is a prolonged response of the body
where its well-being is affected.?>?

Entering the clinical stage requires the student to have
clinical and cognitive skills that allow them to solve oral
health problems.'® This can lead to high/unsustainable
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levels of stress due to working under constant time
pressure, completing jobs on a scheduled basis,
performing repetitive work, and enduring stress led by
uncooperative and anxious patients.?%?2 To avoid
increased stress in students and prevent burnout
syndrome, better curricular planning and administration,
as well as progressive and early contact with patients, are
necessary.’®

Regarding the sociodemographic variables, no
statistically significant results were found, which is
consistent with the study by Barraza et al.> However, it is
relevant to mention that studies such as that of Mohebbi
et al.** show that financial support from family and
residential status (living without parents) is associated
with greater emotional exhaustion in students. These
factors are likely to be determining factors in the
appearance of burnout in early years students, who must
go through a period of adaptation to changes in their lives,
such as leaving the parents' home, who act as a
psychological supporter in the face of difficulties.?>2¢

Regarding the choice of a career in dentistry, no
significant differences were found in burnout levels
between those for whom dentistry was the first choice
and those who were not. This agrees with the results of
Jiménez-Ortiz et al.?®, unlike Mafla et al.'*, who found
higher levels of burnout among those who did not choose
dentistry as their first choice. These differences are
probably influenced by social factors specific to each
region, especially in terms of the social value of being a
dentist. While the type of secondary school of origin was
not associated with differences in burnout levels, similar
to the study by Mufioz et al.*in this same university.

The literature shows dissimilar results regarding
differences by sex, and there is no agreement if it affects
more women or men.'??>?” The women surveyed
presented higher levels of emotional exhaustion, similar
to the study by Mufioz et al.%8, this could be explained by
the social constructs of masculinity, in which men are
repressed in terms of expressing their emotions.

Those students who failed any course(s), especially
clinical courses, have more depersonalization than the
rest of the students, feeling little empathetic about their
work and their patients. This result is contradictory to
Parra-Sandoval et al.?%, who did not find any difference in
the stress levels of those who had failed and those who
had not. More research is needed on the effects of failure
on burnout levels and the mental health of dental
students.

Depersonalization can lead to dental students
centering their attention only on completing the number
of clinical requirements to approve the course®.
Moreover, dental programs do not usually promote soft
skills such as empathy or social responsibility3®3! in their
curricula, which can worsen the situation. The above
could explain the findings of Irfan et al.3> where only half
of the dental students reported high levels of empathy,
the empathy decline that has been observed in dental
students during their first year of training®, and the
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empathy level decreased as patient exposure
increased. 3 The latter is a worrying situation as it
overlooks their patients’ needs and their social role and
commitment to their community3! thus, generating future
dental professionals with low empathy and commitment
to their role in society.

Worldwide, one of the main sources of stress in dental
programs is course failing3* and facing their parents after
course failure3® which can lead to burnout. This could be
due to that, as most dental program only promotes hard
skills, neglecting self-confidence, and positive attitudes,
among others.® In addition, as dental students usually
hold a previously successful academic track in high school,
such as being Valedictorians, may not be able to fulfill
their previous high standards.!® As emotional intelligence
is the cornerstone of soft skills, its development in dental
students should be stressed out.’ Given the above,
different interventions have been  successfully
implemented in dental programs aimed at reducing
burnout such as Yoga to reduce stress, courses to
enhance emotional intelligence®’, or strengthening
personal confidence.3® Yet future research is needed to
decrease burnout, promoting the development of
emotional intelligence, as it can help tolerate stress and
minimize burnout levels* and has a strong correlation
with empathy.3?

Burnout has a complex origin, it is not only a lack of
resilience or vocation in students but also the social
environment and the characteristics of the educational
institution are involved.*3?3 Ensuring an environment that
provides a good level of quality of life to the student could
lead to them feeling more satisfied and with lower levels
of stress. This would allow their self-efficacy to be higher
and they engage with greater dedication, effort, and
perseverance in their studies.41940

Some limitations must be considered: the sample
represents only one institution; thus it is difficult to
extrapolate these results to other settings. The sample
selection was not probabilistic, which might have affected
the results; and, these results do not implicate causality,
but offer initial evidence on the impact of socio-
educational variables on burnout levels for dental
students.

Conclusions

Dental students from Universidad de Concepcion,
which are female, attending their fifth year, and students
who failed courses, especially clinical ones, exhibit higher
levels of burnout.
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Table 1. Characterization of the sample.

Variable 4th year 5thyear General
Sex
Female, n (%) 73 (70.19) 39 (59.09) 112 (65.88)
Male, n (%) 31(29.81) 27 (40.91) 58 (34.12)
Age, years (SD) 22.70 (2.19) 23.83 (2.58) 23.14 (2.41)
Dentistry as first option, n (%) 55 (52.88) 36 (54.55) 91 (53.53)
Funding
Loan 13 (12.50) 10 (15.15) 23 (13.53)
Scholarship 48 (46.15) 24 (36.36) 72 (42.35)
Loan + Scholarship 22 (21.15) 18 (27.27) 40 (23.53)
Self-funding 16 (15.38) 9 (13.64) 25 (14.71)
Other 5 (4.81) 5 (7.58) 10 (5.88)
Secondary school type
Public 23 (22.12) 13 (19.7) 36 (21.18)
Private 20 (19.23) 10 (15.15) 30 (17.65)
Subsidized 61 (58.65) 43 (65.15) 104 (61.18)
Live with
Nuclear family, n (%) 75 (72.12) 40 (60.61) 115 (67.65)
Extended family, n (%) 5(4.81) 7 (10.61) 12 (7.06)
Student room, n (%) 24 (23.08) 19 (28.79) 43 (25.29)
Reprobation rate, n (%) 56 (53.85) 43 (65.15) 99 (58.24)
Reprobation years, mean (SD) 0.95 (1.21) 1.03 (1.05) 0.98 (1.15)
Reprobation motive
Theory 21 (37.50) 17 (39.53) 38 (38.38)
Practice 6 (10.71) 5(11.63) 11 (11.11)
Clinics 16 (28.57) 15 (34.88) 31(31.31)
More than one motive 13 (23.21) 6 (13.95) 19 (19.19)

SD: standard deviation

Table 2. MBI subscales’ scores by categorical socio-educational variables.

Variable EE score (IQR) DP score (IQR) PA score (IQR)
Course p =0.8930 p=0.0142 p =0.0475
Al 27 (22-32) 10 (6-16) 33 (28-36)
50 25 (21-33) 13.5 (7-20) 30.5 (24-35)
Sex p = 0.0008 p=0.5714 p=0.1793
Female 28 (23-34) 10.5 (6-19) 31 (25.5-36)
Male 24 (15-29) 12 (6-17) 33 (29-36)
Dentistry p =0.4690 p=0.8169 p=0.8867
First career option 28 (21-34) 12 (7-19) 32 (26-36)
Second or greater 26 (22-32) 10 (6-19) 32 (28-36)
Funding p =0.7698 p =0.2868 p =0.9385
Loan 27 (20-32) 16 (6-21) 31 (26-35)
Scholarship 27.5(22-33) 10.5 (6-18) 33 (27-36)
Loan + Scholarship 27 (24-30.5) 12.5 (8-19) 31 (25-36)
Self-funding 23 (20-34) 9 (8-13) 32 (27-36)
Other 29 (27-32) 9 (6-11) 30.5 (28-36)
Secondary school type p=0.1413 p=0.3151 p =0.3809
Public 24.5 (14-30.5) 9 (6-17) 33 (30-36)
Private 24.5 (20-34) 9.5 (7-17) 32.5 (27-36)
Subsidized 28 (23-32.5) 12.5 (6-19) 31 (25-35.5)
Live with p=0.6321 p=0.7888 p =0.8986
Nuclear family 27 (22-32) 11 (7-19) 32 (27-36)
Extended family 27.5 (23.5-33.5) 10 (4.5-18.5) 31 (27-35)
Student room 25 (15-34) 13 (5-19) 33 (25-35)
Reprobation p =0.9686 p =0.0206 p =0.3352
Yes 27 (23-31) 13 (7-19) 31 (26-35)
No 27 (20-34) 9 (5-16) 33 (27-37)
Reprobation motive p =0.6358 p=0.0180 p =0.5665
Theory 27.5 (23-35) 9.5 (6-17) 31 (25-35)
Practice 24 (20-29) 11 (9-19) 31 (28-34)
Clinics 28 (23-33) 18 (12-21) 31 (26-35)
More than one motive 24 (21-29) 12 (6-17) 33 (31-36)

SD: standard deviation. IQR: interquartile range. EE: emotional exhaustion. DP: depersonalization. PA: personal accomplishment.
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ABSTRACT

Statement of problem protective and restorative dentistry's basic function is to protect the continuity and
integrity of the tissues and to restore function, phonation, and esthetics lost due to any cause. The success of
dental ceramics is affected by flexural strength, but little data are available on their clinical performance.
Purpose: This study evaluated the flexural strength of the Finesse, In-Ceram Zirconia and In-Ceram Alumina press
all-ceramic porcelain systems. The success of dental porcelains is partly related to their flexural strength. Flexural
strength values of three porcelain Systems were measured to include Finesse, In-Ceram Zirconia and In-Ceram
Alumina press all ceramic porcelain systems.

Material and Methods: The flexural strengths of the three porcelain systems were determined by employing
the method ISO specification 6872. For the statistical evaluations of the flexure strength values, Mann-Whitney
U and Kruskal Wallis tests were used.

Results: When the flexural strengths of Finesse, In-Ceram Zirconia and In-Ceram Alumina groups were
compared, the diversity were found to be statistically significant.
Conclusions: The highest flexural strength was observed for In-Ceram Zirconia, followed by In-Ceram Alumina

License and Finesse porcelain system.

Clinical implications: In this study, Finesse, In-Ceram Zirconia, and In-Ceram Alumina all-ceramic systems were
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compared concerning flexural strength. The diversity between the groups are significant (p<0.05).

Key words: Flexural Strength, All-Ceramic Porcelain Systems, Finesse, In-Ceram Zirconia and In-Ceram Alumina.
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Introduction

In recent years, new porcelain treatment methods
have been developed for prosthetic dentistry.! Porcelains
used in dental practice are known for their natural
structure, optical transmittance and most importantly
their durability.? In addition to the aesthetic and physical
properties of porcelain restorations, their resistance to
physical bending is also important.?

Due to the low permeability of the metal structure that
creates the durability in metal-supported porcelain used
in dentistry, aesthetic problems and problems may be
experienced on the durability of the porcelain part.
Finesse all-ceramic porcelain systems are created using
the hot press technique?, slip-cast technique for Zirconia
porcelain and another by a Alumina pocelain has recently
been introduced to form all-ceramic structures for use in
prosthetic restorations. In 1985, Dr. An all-ceramic
structure known as slip cast was developed by Sadoon in
his laboratory in Paris.?

Tests on flexural strength and durability are carried out
on newly developed porcelain structures using in vitro test
techniques without conducting clinical studies.® The main
advantage of the bending test is that a pure tensile
strength State can be created on one side of the sample.
Three- and four-point bending stress tests have also been
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used for the strength evaluation of dental biomaterials.”

Such tests are frequently used because samples with
simple shapes (bars or rods) can be used, and no special
grips are required.?

The success of dental porcelains is partly related to
their flexural strength. This study evaluated the flexural
strength of the Finesse, In-Ceram Zirconia and In-Ceram
Alumina press all-ceramic porcelain systems.

Material and Methods

In this research, the bending strength of three metal-
free porcelain systems with different structures was
examined: In Ceram Zirconia (In Ceram Zirconia, Vita, Bad
Sackingen, German), In Ceram Alumina (In Ceram
Alumina, Vita, Bad Séackingen, German) and Finesse
(Finesse, Ceramco, Burlington, NJ, German).

The porcelain samples were prepared by the method
recommended in the ISO Standard 6872 (1995). A
multiple-point stainless Steel mold having a rectangular
cavity of 2 mm x 5 mm x 25 mm was used (Figure 1,2).
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Figure 1.

Figure 2.

Figure 3.

To prepare the rectangular porcelain sticks obtained
with the Finesse porcelain system, these wax molds were
created in accordance with the instructions in the
prospectus by melting the wax into the necessary wax
molds with the heat printing technique. These wax molds
formed were mixed in the Revetment mixing machine and
pulled into the cylinder plastic casting path and taken to
the cuff. These rings were placed first into the preheating
oven with a rise of 5°C per minute and heated until the
temperature reached 900°C, and the wax removal process
was made for one hour. The manchets were taken to the
oven without waiting and placed in the manchet
anchorage.

According to the manufacturer's instructions, an initial
temperature increase of 700°C was provided for 1 hour

and a vacuum was activated at 925°C. The oven at 1180°C
was kept at that temperature for 7 minutes and then
continued to cool itself for 5 hours. All these 14 samples
were prepared in the same way (Figure 3).

Following the leveling process, water emery (Nikon/
Japan, No. 400 with No. 600) was applied. It was subjected
to abrasion so that its thickness 1.2 + 0.2 mm, width is 4 +
0.2 mm, and Length at least 20 mm. Samples were
subjected to glazing processes by observing the directions
suggested by the manufacturer firm.

Whereas for the porcelain sticks to be made with In
Ceram Alumina and Zirconia porcelain systems without
metal support, Zirconia porcelain powder for In Ceram
Zirconia, Alumina ceramic powder for In Ceram Alumina
and were mixed with glass rod in glass beaker according
to the suggestions of the manufacturing firm and mixed in
the Vita sonic Q device for 5-10 minutes. The mixture
made was moved from the glass tube into the plastic tube.
The ceramic liquid and ceramic powder the mixture
created was applied over the mold made before like wax
modeling by using a number 5 sable brush in form of
coatings. For each coating, the same process was applied.
During these processes, the over-folding sections were
subjected to form corrections.

The In Ceram Zirconia and In Ceram Alumina, ceramic
samples were moved into the oven manufactured by the
firm on the mold and kept there for 6 hours at 120°C with
8.35°C temperature rise per minute. Ceramic samples
were kept for 2 hours and at 1120°C they were kept for 2
hours again. Thus, the samples were formed. The distilled
water was mixed on the glass, with the glass structure,
and applied by using the number 5 sable brush to apply to
these structures. The samples were moved into the oven
for oven Processing over platinum folio having a thickness
of 0.1 mm Temperature of the oven was increased to
1120°C in 30 minutes for In-Ceram Alumina and at this
temperature, they were kept there for 4 hours. When the
oven temperature reached 400°C degrees, the oven was
opened. It was left to cool at room temperature. For In
Ceram Zirconia samples, the oven temperature was
increased to 1000 °C in half an hour and kept at this
temperature for four hours. The oven was opened at 500
°C and left at room temperature to cool down. On the
samples taken from the oven, the leveling processes were
applied by using diamond burs. This process was applied
to each of the 14 samples for In-Ceram Zirconia and In-
Ceram Alumina. After, leveling process, water emery
(Nikon, No.400 and No. 600, Tokyo, Japan,) was applied
and the samples were abraded to have a thickness of
1.2+0.2 mm, a width of 4 £ 0.2 mm and length of at least
20 mm. The samples made were cleaned by keeping them
for 10 minutes in the distilled water in the ultrasonic
cleaner (Brio Ultrasonics, BR-6 LAB, Barcelona, Spain) and
these samples were made ready for measurement
Measuring take Flexural Strength: Three-point bending
test was used in our study as recommended in ISO
standards (1995). The sample bars were loaded in the
universal tester (LR 10 K Plus, Lloyd Instruments, Farnham,
England) at 0.5 mm/ minute speed. The distance between
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the supporting tips was 15 mm and the loading end is
centered between the supports.

The load values at fracture of the samples were
obtained in kilograms and were converted into Newtons.
The flexural strength values for each material were
determined using the following equation.

M =3.W.l/2. b. d2

M = Flexural strength (MPa)

W = Maximum load read before breaking (N)
d = Thickness of sample (mm)

b = Width of sample (mm)

| - Distance between the supports (mm)

Statistical Assessment of Flexural Strength The data
obtained in our research were evaluated using the SPSS
(Version 15) statistical program, and Mann-Whitney U and
Kruskal-Wallis (KW) tests were used in these evaluations.

Results

After the surface Processing was applied to the
samples prepared as Finesse, In Ceram Zirconia, and In
Ceram Alumina systems the flexural strength values (Mpa)
determined are indicated in Table 1.

When the bending strength values of Finesse, In Ceram
Zirconia, and In Ceram Alumina groups (MPa) are
compared (Table 2 the difference was found to be
statistically significant) (p<0.05).

When these values of groups are compared in papers
with each other, the difference between In Ceram Zirconia
and In Ceram Alumina and between Finesse and In Ceram
Alumina groups and the difference between Finesse and
In Ceram Zirconia systems were found to be statistically
significant (p<0.05).

All ceramic porcelain systems found to be the most
resistant is the In Ceram Zirconia and in the second row,
In Ceram Alumina porcelain system and in the third row,
finesse porcelain system concerning durability (Figure 4).

b ¢— -InCeram
Alumina
] m— - In Ceram
1 Zirconia
o— -Finesse
|

12 3 45 6 7 8 9 10 1 12 13 14
‘Sample Number

Figure 4. Graphic values of flexural strength values.

Discussion

There are many debates about the durability of
ceramics. There are differences in these discussions. The
values obtained in the studies on porcelain are affected by
various factors such as thermal values, production speeds,
technical changes, production, and thermal defects. The
strength values may change depending on the micro
cracks on the bottom surface of the rectangular bar
obtained for the flexural strength test.1®
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The varied data range in the studies is due to
differences in sample preparation procedures and test
methods. Three-point bending tests, four-point bending
tests, ring-on-ring tests, as well as piston-on-three ball
tests were used in several different studies.°

The transverse resistances of brittle materials are
generally evaluated using the bi-axial flexure test or three-
point bending test (the one ISO 1995 suggests). Several
investigators such as Williamson?!, Cattell®, and Ohyama?'?
have suggested using the three-point bending test
because of its reliability, ease, and sensitivity. Thus, we
used a three-point bending test in our tests.

Chong et al. compared the bending strengths of In
Ceram Zirconia and In Ceram Alumina Systems. They
found that the bending strength of In Ceram Zirconia is
higher than that of In Ceram Alumina.°

Wagner et al. tested In Ceram, Empress, and Procera
All Ceram ceramics to compare their biaxial flexural
strength. In the study performed with ceramics, the
average bending strengths of All Ceram 687 MPa, In
Ceram 352 MPa and Empress 134 MPa were found,
respectively.’

Chong et al. In their study, In Ceram Alumina, they
obtained different data between 236.15 and 530 MPa in
three- and four-point bending strength tests. In their
study with In Ceram Alumina, they reached data between
174.2 and 240 MPa.*®

Zeng et al. tested the failure stresses in flexural tests
of Procera All Ceram, IPS Empress, In-Ceram systems and
found that Procera All Ceram had consistently higher
fracture stress than the other two materials®.

Yoshinari et al. Compared the fracture strength of
premolar crowns of In-Ceram, Vita-Dur, IPS-Empress and
Dicor porcelain systems. Fracture durability of all-ceramic
crowns bonded using zinc phosphate cement after
applying distilled water Vita In-Ceramdal060N; 770N in
Vita Dur porcelain; It is determined as 891N in IPS-
Empress porcelain system and 840N in Dicor porcelain.

Strub et al. They were made with 5 different all-
ceramic crown systems (Empress, In-Ceram staining
technique, Celay feldspathic System, Celay In Ceram and
porcelain systems obtained with the Empress coating
technique) and evaluated the fracture resistance before
and after cyclic preloading used in the artificial jaw. As a
result, they found that chewing simulation and thermal
cycling significantly reduced the fracture resistance of all
tested crown systems.*®

In dental practice, an ideal restorative structure should
have excellent flexural strength. The results of this study
show that all-ceramic porcelain systems do not improve
the wear of hardness properties. However, long-term
clinical data should be examined to understand the
properties of these all-ceramic porcelain systems. Flexural
strength values should be considered when using all-
ceramic porcelain systems for prosthetic restorations in
clinical practice.Lin WS et al. They stated in their research
that zirconia coated ceramics exhibit greater bending
strength than monolithic leucite reinforced and lithium-
disilicate ceramics.?’.
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Coskun et al. Finesse, In Ceram Zirconia, and In Ceram
Alumina stated that microleakage and marginal
adaptations in porcelain systems have no effect on the
durability ratio. '8,

In our research, a minimum value of 87.40 Mpa and a
maximum value of 132 Mpa for the Finesse porcelain
system, a minimum value of 373.10 Mpa and a maximum
value of 526.90 Mpa for the In-Ceram Zirconia porcelain
system, and a maximum value of 230.00 Mpa for the In-
Ceram Alumina porcelain system. The minimum value and
the maximum value of 380.80 Mpa were determined
(Table 2).

Table 1. Flexure strength of three porcelain systems (MPa)

Conclusions

When the bending strengths of Finesse, In Ceram
Zirconia and In Ceram Alumina groups, which are three
different all-ceramic systems we used in our research,
were compared, the difference was found to be
statistically significant (p<0.05). The order of bending
strength of the porcelain ceramic systems was found as In
Ceram Zirconia, In Ceram Alumina and Finesse porcelain
ceramic systems, respectively.

Acknowledgments

VITA Inc. for advice and cooperation. | want to thank
Corp.

All Ceramic Systems

Sample In Ceram Alumina In Ceram Zirconia Finesse
Number n-14 n=14 n=14
1 2583 526.9 98.9
2 243.1 426.9 132.4
3 311.8 501.8 127.1
4 287.3 4633 90.8
5 3023 434 90.8
6 326.9 473.1 87.4
7 230 373.1 124.6
8 2583 4633 130.5
9 387.5 487 120.4
10 290.6 399.6 97.6
11 3503 430 99.6
12 362.5 5103 106.5
13 374.6 5243 129.6
14 380.8 502.8 132.4

Table 2. Trans verse strength of three porcelain systems-means, Standard errors and range obviates (Mpa).

Porcelain Flexure Strength

Systems
Mean * Standart error

In-Ceram Alumina 304.58 +13.07

n=14

In-Ceram Zirconia 465.65 £12.59
n-14

Finesse 112.04 +4.69

KW- 36.10 P<0.05
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ABSTRACT

Objectives: To determine the influence of dental students' dietary habits on tooth color.

Materials and Methods: A questionnaire consisting of 18 questions was directed to 202 students included in the
study. The following exclusion criteria were used for the selection of participants: gingival problems, the
presence of excessive abrasion, dental malocclusion, a history of orthodontic or bleaching treatment, caries, and
composite fillings on the facial surfaces of the teeth. The color of the upper central incisors and canines of the
participants who completed the questionnaire was measured using a clinical spectrophotometer device(Vita
Easyshade V). Tooth color assessment was performed by a calibrated operator. The L*, C*, H*, a*, and b*
parameters were recorded. Data were subjected to descriptive statistical analysis, Spearman's rho correlation
analysis and multivariate testing.

Results: The sample consisted of 202 dentistry students. 96.5% of the participants were between the ages of 18-
25 and more than half were female. L*, C*, H*, a*, and b* mean values in canine and incisor teeth did not differ
statistically significantly according to age groups(p>0.05). The mean values of C* and b* in canine teeth and the
mean values of all parameters except L* in incisor teeth showed significant differences according to
gender(p<0.05). Staining beverages in the diet had no effect on L*, C*, H*, a*, and b* parameters of the canine
and incisor teeth. A negative correlation was found between the frequency of consuming energy drinks and the
L* value in the incisor teeth(r=-0.215; p=0.016).

Conclusions: Females have lighter teeth than males. The increase in the amount of consumption of the evaluated
staining beverages is one of the factors that cause the tooth colors to become darker and mat.

Keywords: Beverages, Dental Student, Diet, Tooth Color, Spectrophotometer.
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Amag: Bu calismanin amaci, dis hekimligi 6grencilerinin diyet aliskanliklarinin dis rengine olan etkisini
belirlemektir.

Gere¢ ve Yontemler: Calismaya dahil edilen 202 6grenciye 18 sorudan olusan bir anket yonlendirildi.
Katihmcilarin segiminde kullanilan diglama kriterleri su sekildedir: diseti problemleri, asiri aginma varligi, dis
malokliizyonu, ortodontik veya beyazlatma tedavisi 6ykusu, dislerin bukkal ylzeylerinde guriik ve kompozit
restorasyon olmasi. Anketi tamamlayan katiimcilarin st santral ve kanin dislerinin rengi klinik bir
spektrofotometre cihazi (Vita Easyshade V) kullanilarak 6lguldi. Dis rengi degerlendirmesi, kalibre edilmis bir
operator tarafindan yapildi. L*, C*, H*, a* ve b* parametreleri kaydedildi. Veriler tanimlayici istatistiksel analize,
Spearman’s rho korelasyon analizine ve gok degiskenli testlere tabi tutuldu.

Bulgular: Orneklemi 202 dis hekimligi 6grencisi olusturdu. Katilimcilarin %96,5'i 18-25 yaglari arasindaydi ve
yarisindan fazlasi kadindi. Kanin ve santral dislerde L*, C*, H*, a* ve b* ortalama degerleri yas gruplarina gére
istatistiksel olarak anlaml farkhlik géstermedi (p>0,05). Kanin dislerinde C* ve b* ortalama degerleri ile santral
dislerde L* disindaki tim parametrelerin ortalama degerleri cinsiyete goére anlaml farkhlk gosterdi (p<0,05).
Diyetteki renklendirici iceceklerin kanin ve santral diglerin L*, C*, H*, a* ve b* parametrelerinin ortalama
degerlerine etkisi olmadi. Ancak santral diste, enerji icecegi igme sikligi ile L* degeri arasinda negatif yonli zayif
bir iligki tespit edilmistir (r=-0,215; p=0,016).

Sonuglar: Kadinlarin dis renkleri erkeklerden daha agiktir. Degerlendirilen boyayici igeceklerin tiiketim miktarinin
artmasi dis renklerinin koyulagsmasina ve matlagsmasina neden olan faktorlerden biridir.

Anahtar Kelimeler: Dis Hekimligi Ogrencisi, Dis Rengi, Diyet, icecekler, Spektrofotometre.
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Introduction

Nowadays, individuals want to have a perfect smile as
well as having a good oral-dental health.! The appearance
of the teeth should be beautiful as well as proportional to
each other and arranged in harmony with the gingiva, lips,
and face in order to provide smile esthetics in dentistry.?

The structure of the tooth consists of tissues like
enamel, dentin and pulp. The light scattering and
absorption properties of enamel and dentin tissues are
effective factors in determining the actual tooth color.>3
Some deposits on tooth surfaces and structural changes
arising from tissues can lead to changes in tooth color. The
etiology of discoloration is multifactorial and tooth
discoloration can be internal or external.* Mainly internal
discolorations may occur due to amelogenesis and
dentinogenesis  imperfecta, enamel hypoplasia,
tetracycline and fluorosis discolorations, root resorption,
and aging.® Poor oral hygiene, metal salts, smoking,
dietary beverages (tea, coffee, red wine, cola, etc.) are the
leading causes of external coloration.®

Color is a complex phenomenon and there are many
factors (human eye, light conditions, light scattering,
opacity and translucency) that affect color perception.” For
this reason, besides the visual method, instrumental
techniques are also used to minimize these factors in the
color selection of teeth and dental restorations. Since visual
color detection is a subjective method, instrumental
techniques eliminate this situation. For this purpose,
spectrophotometers, colorimeters and digital image
analyzes are widely used in dental practice.
Spectrophotometers are the most commonly used
instruments among instrumental techniques and measure
the amount of light energy reflected back from an object in
the visible spectrum range.® Compared to conventional
methods or evaluations performed with the human eye,
spectrophotometers have been reported to have increased
accuracy and provide more objective matching.®

The CIELAB (Commission International de I'Eclairage)
color system is one of the most widely used color
measurement systems in dentistry.® In the CIELAB system,
color is defined with 3 coordinates, L*, a* and b*.1! L*
creates the lightness-darkness coordinates of the color
between white (+) - black (-). This parameter is on the
vertical axis and is proportional to the tone (value). One of
the color components, a*, is between red (+) — green (-) on
the horizontal axis; b* represents the chroma coordinates
between yellow (+) - blue (-) on the horizontal axis.*? In the
CIEDE2000 color system, L; lightness, C; color intensity
(chroma) and H; represents hue (hue).!3 This system is
widely used by researchers to evaluate the color changes of
different materials.'* The CIEDE2000 color system was
presented as a better alternative to the CIELAB system
defined in 2001. The CIEDE2000 color system corrects
inconsistencies from the CIELAB system. It also provides a
better correlation between the perceived and measured
color change amount.’® Thus, it better reflects the
perceptibility and acceptability threshold values for color
differences compared to the CIELAB system.®

34

There are many studies in the literature about the oral-
dental health levels and dietary habits of dentistry
students. However, the number of studies examining the
effect of diet habits of dental students on natural tooth
color is limited.}”"? The aim of the present study is to
evaluate the effects of demographic characteristics (age
and gender) and dietary habits (consumption of tea,
coffee, acidic, and staining drinks) on the tooth color of
dentistry students. The null hypotheses of the study are as
follows: [a] Age and gender would not affect tooth color,
[b] Dietary staining and acidic beverages would not affect
tooth color.

Materials and Methods

The present cross-sectional study was conducted from
November to December 2022 using a questionnaire. The
study protocol was approved by the Mersin University
ethics committee (number 2022/708). It was conducted in
accordance with the latest guidelines of the Declaration of
Helsinki. The study was conducted following the STROBE
guidelines.?!

Participants

The sample size was calculated by using the G*Power
(V. 3.1.9. 6) package program. With 95% confidence (1-a),
95% test power (1-B), f=0.40 effect size, the minimum
number of cases to be included in the study was
determined as 131 (125/0.955). Individuals in the current
epidemiological study were selected among dentistry
students who accepted to participate in the study and were
studying at Mersin University Faculty of Dentistry. Intraoral
examinations of the participants were performed in Mersin
University Faculty of Dentistry, Department of Restorative
Dentistry. Volunteers who agreed to participate in the
study were given a questionnaire prepared by the
researchers and asked to fill in. Individuals who did not
agree to fill out the questionnaire were not included in the
study. Reminder announcements were made to the
students in order to increase the participant rate and to
minimize the risk of bias.

The teeth of the volunteers to be included in the study
were screened according to the following inclusion criteria:
Being over 18 years old and having right or left maxillary
central and canine teeth (chosen because of easy to see )in
the mouth. Exclusion criteria were as follows: Presence of
fixed orthodontic appliances, pregnancy, previous
professional dental prophylaxis performed in less than 6
months, upper central/canine teeth with restoration,
endodontic treatment or presence of caries.

Questionnaire

The questions used in the present work were modified
from previous questionnaires validated by Nalbant et al.®
and Calzada et al.?? and directed to the students. A pilot test
on 20 dentistry students was conducted and subject to minor
adjustments on the questionnaire. As a result of the
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research, it was planned to see the effect of the age, gender
and dietary habits of the person on the color of the teeth.

Color measurement

In the present study, the measurement of color values
in teeth was made with a clinical spectrophotometer device
(VITA EasyShade V, Vita Zahnfabrik, Germany). The device
has a 1.5 x 2 inch touch screen on its own. With the help of
the automatic calibration plate, the device was calibrated
before each measuring. VITA EasyShade V can be used in
any lighting conditions, unaffected by halogen light or
ambient light. It measures with both CIELAB and CIEDE2000
color systems and the device has the feature of archiving
the measurements.

Tooth color assessment was performed by a calibrated
operator (H. F.). Measurements were performed between
10.00 and 14.00, which is the time zone when daylight is
most active. During color measurements, the participants
were asked to hold their heads steady, lean on the unit
headrest and open their mouths slightly. In order to
eliminate tissue reflection due to transparency in the incisal
(cutting edge) areas of the teeth, since the resting tongue on
the upper jaw anterior palate area may cause erroneous
measurements; the tongue was kept in the resting position.
The reflector (unit light) was kept off during the
measurements. The measuring tip of the spectrophoto
meter was placed as perpendicular to the facial surface of the
tooth as possible (Figure 1). Color measurements started
from the central teeth and continued with the canine teeth.
To ensure standardization, measurements were taken from
the middle third of the teeth facing the lip. The data obtained
after the measurements were transferred to the computer
for analysis.

Figure 1. Color measurement of teeth

Statistical analysis

Statistical analyzes were performed using the
Statistical Package for the Social Sciences (Version 25.0,
SPSS Inc., Chicago, IL, USA). Analysis of demographic data
was done by descriptive statistical analysis. Multivariate
analysis was used to compare the L*, C*, H*, a* and b*
values obtained from the upper central (incisors) and
canine teeth, and Spearman's rho correlation analysis was
used to determine the relationship between them.
Analysis results were presented as mean and standard
deviation. Statistical significance level was taken as
p<0.05.

Results

The questionnaire was directed to 250 students, of
whom 202 completed the questionnaire and met the
inclusion criteria (81% participation rate). The demographic
distributions (n, %) of data are summarized in Table 1.
96.5% of the participants were between the ages of 18-25
and more than half were women. The proportion of those
who consumed tea and coffee twice a day or more in their
diet was close to each other (38.6% and 37.3%,
respectively). The rate of those who never used acidic
beverages was 10%. 76.7% of the participants rarely used
staining beverages (juice, wine, etc.) in their diet.

Table 2 shows the comparisons between color
parameters by age groups for each tooth measured (upper
central and canine teeth). L*, C*, H*, a* and b* mean values
in canine and central teeth did not differ statistically
significantly according to age groups (p>0.05). However, it
was observed that the lightness (L*) of the color
parameters of the teeth increased with advancing age.

Table 3 summarizes the comparisons between color
parameters by sex for each tooth (central and canine
teeth). C* and b* mean values of canine teeth were found
to differ significantly by gender (p<0.001). The mean
values of all parameters of central teeth except L* differed
significantly according to gender (p<0.05).

The mean and standard deviation values of the color
parameters according to the dietary habits of the central
and canine teeth are shown in Table 4 and Table 5,
respectively. It was observed that dietary staining
beverages (tea, coffee, acidic and colored drinks) had no
effect on the mean values of L*, C*, H*, a* and b*
parameters of canine and central teeth (p>0.05).

There was no statistically significant correlation
between age and color parameters in canine and central
teeth (p>0.05). The results of the correlation analysis
between the color parameters according to the frequency
of consumption of dietary beverages are summarized in
Table 6. A weak negative correlation was found between
the frequency of consuming energy drinks and the L*
value only in the central tooth (r=-0.215; p=0.016). Other
relationships were not statistically significant (p>0.05).

Discussion

Color changes can be observed in teeth that are
exposed to foods and beverages taken intermittently with
the diet, and to chemical agents that are constantly
absorbed from adherent debris or released as a result of
bacterial decomposition of the debris.!® In this context,
demographic characteristics of dentistry students such as
age and gender, and the effect of dietary staining agents
on tooth color were investigated in the current study.

Dentistry students represent the sample of the current
study. Because they can improve and change their
attitudes/behaviors toward their oral health and dietary
habits through dental education. On the other hand,
follow-up is more convenient and the administration and
application of the questionnaire are easy. The
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questionnaire used in the present study was primarily
conducted as a pilot test and following reminder
announcements were made to increase participation in
order to limit bias.?® An optimum response rate of 70% to
80% is preferred to minimize the risk of bias.?* In studies
conducted on dental students, this rate varies from 68%2°
to 89%25. The participation rate in the present study is 81%
and this rate can be considered as high.

Visual and instrumental techniques can be used to
evaluate color changes in teeth and dental materials.?” It
has been stated that visual color assessment is unreliable
due to interobserver inconsistencies in color
perceptions.?® Therefore, instrumental techniques are
widely preferred to provide an objective interpretation in
the determination of color changes. At the same time,
instrumental techniques are considered advantageous
over visual methods in terms of analyzing the physical
properties of color, reproducibility of measurements, and
giving quantifiable results.'® Choi et al.?° concluded that
digital analysis of tooth color is more accurate and
reproducible than a visual assessment. The CIEDE2000
color system also includes some color parameters based
on the CIELAB system. These include the lightness
darkness (L—lightness), saturation (C—chroma) and hue
(H—hue) of the color and their weighting functions, an
interactive parameter (AR) between saturation and hue
difference for blue colors. It also includes the a*
parameter to improve the performance of gray colors.
Researchers reported that the variable factors in the
CIELAB color system were not evaluated equally, and the
CIEDE2000 color system was more compatible in
determining acceptability and perceptibility closest to the
range of values that the eye could perceive.®® The VITA
Easyshade V used in the current study is a clinical
spectrophotometer used for tooth color matching.

Some studies have reported that light conditions can
affect the assessment of tooth color, which can be
controlled if a standard environment has already been
established.»3! Therefore, in the present study,
measurements were made in a standard time zone. In our
study, color measurements were performed from the
middle thirds of the upper central and canine teeth to
ensure standardization. A previous study has described
the middle third of the tooth as the region that best
represents color. It has been stated that the incisal region
is usually translucent and affects the background of the
tooth, while the color of the cervical area is changed by
the light scattered from the gingiva.?’

Since our sample consisted of students studying in the
faculties of dentistry, 96.5% of the participants were
between the ages of 18-25 and it was seen that there was
no statistically significant difference between color
parameters according to age groups. This finding
contradicts with the results of Demirel & Tung¢demir.*?
Researchers reported significant differences in all L*, a*,
and b* parameters for age subgroups (<35, 35-55, and
>55). The fact that the participants in the current study
were very young may have caused the lack of difference
in the present study. On the other hand, a statistically
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insignificant increase in the lightness parameter was
observed in participants with older age of canine teeth.

Gender is another factor that is significantly associated
with tooth color. In a certain age group, the teeth color
values of males in the population were found to be darker
than females.3 In the present study, it was observed that
the mean values of C* and b* values of canine teeth and
mean values of all parameters except L* of central teeth
showed significant differences according to gender. This
was similar to a previous study that reported no significant
difference in the L* parameter for the sex subgroup.’?
However, in the present study, although there was no
statistically significant difference, canine teeth were
found to be brighter in males. It was also evident that the
white tone of the males' teeth was similar to that of the
females, but appeared darker because the yellow and red
tones were stronger. Hasegawa et al.3* reported that with
advancing age, the lightness of the teeth tended to
decrease and the yellowness increased, but the difference
between male and female could not be distinguished.
Considering these findings, our first null hypothesis, which
was stated as "age and gender will not affect tooth color"”,
was partially rejected.

Understanding the etiology of tooth discoloration,
which is caused by various factors, facilitates the correct
diagnosis and affects the treatment options that the
dentist will apply to patients.3> Tooth discoloration occurs
due to external factors (tea, coffee, red wine, cigarettes,
cola, metal salts, and poor oral hygiene) and internal
factors (due to the change in the structural composition
or thickness of dental hard tissues). It has been reported
that commonly consumed beverages such as tea, coffee,
red wine, fruit juice and cola cause significant
discoloration in teeth as well as in tooth-colored
restorative materials.3® In the present study, it was
observed that the staining beverages did not cause a
significant difference in the color parameters of the
central and canine teeth. Therefore, the second
hypothesis of the study was accepted. The reason for this
finding can be concluded that the study sample consisted
of dentistry students and they had sufficient knowledge
about oral-dental health and caries prophylaxis. On the
other hand, it was observed that the increase in the
consumption of staining beverages evaluated in the study
was one of the factors that caused the darkening and
dulling of tooth colors. It was determined that the L*
parameter of the central and canine teeth increased in the
participants who consumed colored beverages (fruit juice,
wine, etc.) 2 or more times a day, that is, the teeth were
darker. There are studies evaluating the effect of colored
beverages in the diet on tooth color according to the
frequency of consumption of individuals.*® 37 A previous
study investigating the effect of food and beverages
consumed on primary and permanent tooth color
reported that tooth enamel color changed.’® In
accordance with the present study, the researchers
observed that the tooth color was darker in individuals
with a higher frequency of consumption of staining
beverages.
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When the correlation analysis findings of our study
were examined, it was seen that there was no significant
relationship between age and color parameters, but there
was a weak negative correlation between the frequency
of consumption of energy drinks taken with diet and the
L* parameter. As stated before, the age range of the
population constituting our study sample is very close to
each other and 96.5% of the participants are between the
ages of 18-25, which may have caused this result. A
previous study in Japanese population investigated the
relationship between the age and the color of central
teeth over a wide age range (13-84 years). Researchers
have reported that there is a negative correlation
between age and the L* parameter, and a positive
correlation with the b* and a* parameters.3* There are
studies that show differences in the external appearance
of teeth with increasing age.3® 3° Aged dentin (sclerotic
dentin) is dark and mineralized. Its density is high and its

Table 1. The distribution of the demographic data

Age
18-25
25-30
Gender
Female
Male
The frequency of smoking
| never consume
Rarely
Once in a day
Twice or more in a day
The frequency of consuming tea
| never consume
Rarely
Once in a day
Twice or more in a day
The frequency of consuming coffee
| never consume
Rarely
Once in a day
Twice or more in a day
The frequency of consuming acidic beverages
| never consume
Rarely
Once in a day
Twice or more in a day

The frequency of consuming colored beverages (wine, juice etc.)

| never consume
Rarely
Once in a day
Twice or more in a day
The frequency of consuming energy drinks
| never consume
Rarely
Once in a day
Twice or more in a day

lightness is decreased. In advanced age, the color of
dentin undergoes a change and exhibits a transition from
red-yellow to yellow. However, because of wear, the
glossy enamel thickness to cover the dentinal redness is
reduced, and the color of old teeth appears redder than
that of young ones.

The present study has several limitations. First, the
measurements were made only  with the
spectrophotometer device. Using and comparing different
color measurement methods (calorimeter, digital camera,
etc.) may produce different results. In addition, increasing
the number of samples and including older age groups will
increase the accuracy of the study and will give more
meaningful results for these statistical analyses. In the
future, it may be appropriate to include students from
different faculties in the sampling or to conduct more
research on different populations.

n %
195 96.5
7 3.5
102 50.5
100 49.5
114 56.4
40 19.8
46 22.8
2 1.0
11 5.4
39 19.3
74 36.6
78 38.6
4 2.0
45 22.4
77 38.3
75 37.3
20 10.0
123 61.2
43 21.4
15 7.5
20 9.9
155 76.7
26 12.9
1 0.5
54 26.7
117 57.9
25 12.4
6 3.0
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Table 2. Comparisons by age groups for each tooth
Central Incisor

L*
C*
H*
a*
b*

18-25
77.3+3.8
183+4.2
93.4+59
-0.7+1.1
179+3.3

25-30
77.8+3.7
17.7+2.5
93.1+2.6
-0.9+0.7
17.7+2.5

p
0.712

0.743
0.894
0.711
0.855

*p<0.05 is significant. p values are based on a Multivariate analysis test.

Table 3. Comparisons by gender for each tooth

L*
c*
H*
a*
b*

Female
77.8+3.4
17.2+3.3
943+4.1
-1.0+1.0

17+£2.8
*p<0.05 is significant. p values are based on a Multivariate analysis test.

Central Incisor
Male
76.8+4
19.3+4.7
92.4+7.0
-04+1.1
189+ 3.6

p
0.052
<0.001*
0.017*
<0.001%*
<0.001*

Canine
18-25 25-30

71+3.4 72.4+23

246+3.2 255 =85

87.4 £10.7 86.3+0.8

1.5 % 0.5 1.6+0.4

244+29 255 =55
Canine

Female Male

70.8+3.4 71.2+34
23.8+2.8 255+34
88.4+14.7 86.3+1.2
1.5 0.5 1.6 £0.5
23.8+2.8 25.2+29

0.261
0.447
0.788
0.674
0.369

0.455

<0.001*

0.169
0.083

<0.001*

Table 4: Meansz standard deviations of color parameters of central incisor teeth according to dietary habit

L*

C*

H*

b*

| never
consume

Rarely
Once in a day

Twice or
more in a day

| never
consume

Rarely
Once in a day

Twice or
more in a day

| never
consume

Rarely
Once in a day

Twice or
more in a day

| never
consume

Rarely
Once in a day

Twice or
more in a day

| never
consume

Rarely
Once in a day

Twice or
more in a day

Tea
Meanz sd

78.5+2.7

77.2+4.9
77.1+3.4

77.4%3.5

17.9£2.6

19.146.3
17.943.9

18.243.2

93.2+3.7

94.7+10.1
93.2+4.4

92.9+£3.8

-0.7+0.8

-0.7+1.3
-0.7+1.1

-0.7+1.1

18+2.5

18.2+3.7
17.6+3.3

18.1+3.3

Coffee

p Meant sd p

753+43

77.5+£3.5
773 +3.7

0.726

0.732

77.3+3.9

22.1+£75

17.6+2.8
18.6+3.9

0.506

0.173

18.2+4.9

91.1+£5.5

93.6+3.8
93.3+7.8

0.448

0.873

93.3+4.2

-0.2+1.6

-09+1
-0.5+1.1

0.999

0.250

-0.8+1.2

22+7.6

175+2.9
183+3.3

0.708

0.051

17.7+3.1

Acidic beverages

Meant sd

77.8+4.4

77.4+£3.6
77.4+3.8

76.2+34

173+2.6

18.5+4.7
179+3.4

18.4+3.5

93.3+4.6

93.6+6.6
OSERSEC

92.7+4.7

-0.7+1.1

-0.7+1.1
-0.7+1.1

-0.6+£1.2

17.3+2.7

18+3.4
17.8+3.3

18.3+3.6

p

0.615

0.638

0.901

0.969

0.743

p<0.05 stands for statistically significance. p values are based on a Multivariate analysis test.
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Colored beverages
Meant sd P

77.1+4

77.3+3.8
77.2+34

0.490

83.1+0

17.7+2.8

18.4+4.4
17.8+3.5

0.614

22.5+0

92.7+29

93.5+6.2
93.3+4.6

0.824

88.9+0

-0.7+0.9

-0.7+1.1
-0.8+1.2

0.771

0.4+0

17.6+2.8

18+3.4
176+3.4

0.503

22.5+0

Energy drink

Meant sd

76.7+3.4

779 +3.8
76.1+3.9

76.8+3.8

17,7 £ 34

18.6 £4.6
18.4+4.3

16.1+2.7

93+3.7

93.6+6.7
924+43

95.2+6

-0.7+1

-0.7+1.1
-0.6+1.3

-1.2+13

17.7+3.2

18.2+3.6
17.7+2.3

16+2.8

[

0.072

0.371

0.635

0.649

0.377
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Table 5: Meansz standard deviations of color parameters of canine teeth according to dietary habits

Tea Coffee Acidic beverages Colored beverages Energy drinks
Meant sd P Meant sd P Meantsd p Meantsd P Meantsd P
| never consume 71+2.7 69 t4 71.4+2.3 71.6+3.6 71.3+3.4
Rarel 71.5+3.8 71.4+33 709 £ 3.6 71+3.3 71.2+3.1
L* Y 0.701 0.234 0.813 0.677 0.059
Once in a day 71+3 71.4+3.1 713+3 70.8 £3.7 69.31+4.2
Twice or moreinaday 70.8+3.5 70.6 £3.5 70.5+3.8 74.1+0 71.1+2.7
| never consume 25.1+3.5 26.6+3.8 244 +25 249+3.1 25.1+4.2
Rarel 25.1+4.2 24.6 £3.8 245+3.1 245+3 24.61+2.8
C¥ y 0.566 0.651 0.729 0.885 0.411
Once in a day 243+3 2473 24.8+3.8 249+t4.4 24.1+2.8
Twice or moreinaday 24.7+2.8 245+3 25.5+3.1 259+0 23.5+1.9
| never consume 86.8 £ 0.6 85.4+1.3 86.3+0.8 86.3+1.4 87.6+9.2
Rarel 86.6 £ 1.5 86.5+ 1.7 88+13.4 87.7£12 87.6+12.3
H* y 0.932 0.843 0.738 0.877 0.888
Once in a day 87.2+7.8 87.2+7.7 86.4+1.3 86.2+1.5 86.1+1.3
Twice or moreinaday 87.9+15.1 88.1+15.4 86+1.5 87.3+0 85.6+t1.1
| never consume 1.4+04 2+0.5 1.6+0.3 1.6 £0.5 1.6+0.6
Rarely 1.4+0.6 1.5+0.6 1.5+0.5 1.5+0.5 1.5+0.5
a* . 0.289 0.281 0.872 0.914 0.461
Once in a day 1.5+0.5 1.5+04 1.5+0.5 1.5+0.5 1.7+0.5
Twice or more in a day 1.6+0.5 1.6+0.5 1.6+0.5 1.2+0 1.6+04
| never consume 25.1+3.5 26.6+3.8 243+25 24.8+3.1 24.7+£3.5
Rarely 246+3.3 242 +2.8 245+3.1 245129 245+2.7
b* . 0.747 0.401 0.658 0.879 0.602
Once in a day 24.2+2.8 247 +2.8 244+25 242 +3 24+2.8
Twice or moreinaday 24.6+2.8 245+3 254+3.1 259+0 23.4+19
p<0.05 stands for statistically significance. P values are based on a Multivariate analysis test.
Table 6. The findings of correlation analysis.
Tooth L* c* H* a* b*
) r -0.060 -0.012 -0.131 0.107 -0.008
The frequency of consuming tea
p 0.397 0.869 0.064 0.128 0.914
. r -0.073 -0.024 -0.032 0.037 -0.009
The frequency of consuming coffee
p 0.304 0.733 0.649 0.603 0.903
i , o r -0.010 0.061 0.000 -0.009 0.043
Canine The frequency of consuming acidic beverages
p 0.891 0.387 0.996 0.904 0.548
The frequency of consuming colored beverages r -0.027 -0.004 -0.009 -0.033 -0.014
(wine,juice etc) p 0.698 0.953 0.894 0.637 0.843
) ) r -0.083 0.024 0.029 -0.009 0.011
The frequency of consuming energy drink
p 0.360 0.788 0.748 0.924 0.905
) r -0.071 0.005 -0.073 0.033 0.017
The frequency of consuming tea
p 0.318 0.945 0.302 0.636 0.807
. r -0.019 -0.018 0.022 -0.028 -0.024
The frequency of consuming coffee
p 0.785 0.797 0.757 0.695 0.737
Central . L r -0.070 0.018 -0.033 0.017 0.024
. The frequency of consuming acidic beverages
Incisor p 0322 0.800 0.643 0.809 0.734
The frequency of consuming colored beverages r  0.020 0.017 -0.002 -0.006 0.011
(wine,juice etc) p 0.773 0.816 0.980 0.930 0.874
) . r -.215* 0.066 -0.066 0.117 0.083
The frequency of consuming energy drink
p 0.016 0.463 0.462 0.194 0.356

r: Spearman's rho correlation coefficient. p<0.05 stands for statistical significance.

Conclusions

Within the limitations of the present study, the results
can be summarized as follows: Since the ages of the
participants included in the study were very close to each
other, the age parameter had no effect on tooth color. The
centralincisors in females and canines in males were more
lightness color. The increase in the consumption amount
of the evaluated staining beverages is one of the factors

that cause the darkening and dulling of the tooth colors.
When staining beverages (juice, wine, etc.) were
consumed two times or more a day, the measured teeth
became darker.
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ABSTRACT

Objective: The purpose of this in vitro study was to evaluate the effect of plastic impression-transfer copings on
the dimensional accuracy of close tray implant impressions.

Material and Methods: A master model consisting of acrylic main material was created. Five parallel holes were
drilled for the analogs. Special measuring spoons were prepared for the models created with self-hardening
polymethyl methacrylate resin. Our research consisted of 2 groups. The first group consisted of five parts and
the impression was taken using the Implant Plastic impression-transfer part coping method. The second group,
on the other hand, consists of five parts, and this time measurements were taken without using the Plastic
impression-transfer coping method. Vinylpolysiloxane impression material was used for both groups. At the end
of the impression process, plaster models were made with type IV calculus. The plaster models were scanned
with laboratory-type scanner and recorded in the measurement program. To create a standard operation
between the groups, measurements were made of each analog from a certain reference point. Measurement

results were recorded in millimeters and pairwise comparisons were made using Welch's t-test analysis.
Results: How the plastic impression caps affect the measures was concluded by applying the t-test to each
point. The deterioration in the measurements taken with the cap was lower for all distances compared to the
measurements taken without the cap, but the difference was not significant (p>0.05).
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Conclusions: While the distortions seen in the right and left measured intervals were found as the expansion
type, the distortions in the posterior and anterior intervals were determined as the compression type.
Although there are dimensional changes in the measurements taken without the use of a cap, the findings
were not found to be clinically significant.

Key words: Dental Implant, Implant Impression Material, Plastic Impression-Transfer Coping, Dimensional
Accuracy, Dental Impression Technique.
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Introduction

Edentulism is decreasing due to current treatment
modalities and preventive criteria, but the extent of the
aged population will continue to expand.! Considering
common global population aging, edentulism will not only
influence persons in developing nations; there will be an
appropriate proportion of edentulous individuals in aging
communities worldwide.> Nowadays implant treatment is
very common for edentulism and patients’ long-term
gratification has been observed by many clinical studies.?
Studies found 96-99% implant success in the mandible
and 80-90% in the maxilla.?

Stresses from inappropriate dental prostheses cannot
be neutralized in implants because of not require
periodontal ligament support. Thus, the manufacture of
prosthesis has to obtain the most available passive fit.?
The absence of passive fit can cause several complications
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in both implants and dental prostheses. Screw loosening,
occlusal disharmony, loss of prosthesis, and fracture of
implant components can count as these complications.?
Accuracy of impression which transfers the inter-
implant dimensions exactly as it is the most important
issue to fulfill passive fit.2 There are very important issues
to make an accurate impression. The material used for
impression, impression technique, tray type, splinting of
impression copings, and angulation of implants affect the
accuracy of implant impressions.? So far, numerous
implant impression techniques and different impression-
transfer materials have been analyzed considering
accuracy. In general, implant impressions can categorize
as direct or indirect techniques. In the direct techniques,
the tray has an open area on the tray for unscrewing the
impression copings. This technique is also known as the
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open tray impression technique. While impression
removal, all pieces are unfastened at the same time, and
copings are fixed on the same screws in the direct
technique. Indirect techniques have transfers that remain
on the implants during the impression. These transfers are
fastened to the analog after the impression tray is
removed from the mouth. So, this technique is also named
as closed tray impression technique. Both close-tray
impression and open-tray impression techniques are
recommended for the fabrication of implant prostheses.
The close tray impression technique is widely used
because of practical clinical application.*

The accuracy of the close tray impression technique
with plastic impression copings and a positioning cylinder
is the same as the open tray impression technique with
non-splinted and splinted impression copings, beyond
impression and cast materials. Plastic impression copings
remaining in the impression may improve accuracy by
preventing both impression copings and the coping-
analog unit from rotating within the impression.*

Up to now, open or close tray impression techniques,
different impression materials, impression coping
materials and splinted impression copings have been
investigated for affecting factors on the accuracy of
implant impressions. Nevertheless, the findings are not
always constant. There is a lack of consensus about the
effect of plastic impression transfer coping on the
dimensional accuracy of implant impression. Therefore,
the aim of this study was to be presenting to literature
evidence of the effect of plastic impression-transfer
copings on the dimensional accuracy of implant
impression. Accuracy of two different impression
techniques were compared: closed-tray impression with
transfer impression copings and closed-tray impression
without transfer impression copings. The research
hypothesis was that using plastic impression copings
would influence the dimensional accuracy of the
impression.>®

Material and Methods

Fabrication of the Master Model

In this in vitro study, the auto-polymerizing acrylic resin
was used for a master model from an edentulous maxilla
mold (Probase Cold, Ivoclar, Vivadent Inc, Zurich). Five
parallel holes were drilled in the middle of the arch and on
the both sides canine and first molar region. Next, implant
analogs (Moment Dental Implant Systems, Turkey) were
placed in the drilled holes. After ensuring that analogs were
parallel to each other, they were secured using auto-
polymerizing acrylic resin leaving 1 mm of the implant
platforms above the acrylic resin. Analogs were named from
Ato E from the posterior left to the posterior right (Figure 1).

Fabrication of Custom Trays

Moment implant system’s impression copings were
fastened to the analogs. These conical impression copings
which were fixed in the master model were covered with 2
layers of modeling wax to allow the standard thickness of

impression material. Five identical 2 mm-thick custom
impression trays were made using auto-polymerizing
polymethyl methacrylate  resin.  Autopolymerizing
polymethyl methacrylate resin was mixed by following the
manufacturer’s instructions. Each tray was customized
perforated to relief pressure during the impression (Figure 2).

Impression Procedure

This in vitro study consisted of 10 specimens divided into
2 groups of 5 each (Table 1). For the PI group, the conical
impression copings and then the plastic impression copings
were fastened. All impressions were made with additional
silicone (Zhermack Elite HD+ Regular Body, Kouigo, Italy) in a
temperature-controlled environment (23 + 1°C) according to
the manufacturer’s instructions and specification number 19
of ADA. Impression material was mixed by an auto-mixing
cartridge.12 mL of the impression material was inserted
around the copings to make sure covering they copings. The
impression tray was filled with the rest of the impression
material (35 mL). According to the manufacturer’s
recommendation, 12 minutes was the waiting time for
impression material polymerization. Once the impression
had been obtained, the conical transfer impression copings
were removed from the mouth and fastened to the implant
analogs. Then this analog and impression coping unit were
positioned by firmly pushing in each plastic impression
coping which was in the impression tray.

For the NON-PI group, only the conical impression
copings were fastened to the analogs. Then same
impressions protocol was repeated for this group. Once the
impression had been obtained, the conical transfer
impression copings were removed from the mouth and
fastened to the implant analogs. Then this analog and
impression coping unit were inserted by pushing into each
respective notch (Figure 3).

Cast preparation

After impression protocol, casts were made from type IV
dental stones (Herostonel Vigodent Inc., Rio de Janeiro, RJ,
Brazil). According to the manufacturer’s instructions, the
powder/water ratio was 30 g/7 mL, and the dental stone was
vacuum mixed. 120 minutes was the waiting time for pouring
then the impression was separated from the cast (Figure 4).
All laboratory procedures were performed by the same
operator.

Measurement Protocol

The measurement phase started after completing
laboratory procedures. Lab-type scanner (D15®; Camcube,
Montreal, Canada) was used for scanning casts (Figure 5).
After the scanning protocol, data were transferred to the
measurement program (UP3D Manager).

Statistical Analysis

Data were saved as millimeters. Welch's t-test was used
to make pairwise comparisons. t-test was applied for each
distance. A significant level was p<0.05.

43



Coskun et al./ Cumhuriyet Dental Journal, 26(1): 42-46, 2023

Figure 1. Edentulous maxilla mold (a), a master model with
analogs (b)
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Figure 2. Custom trays

Figure 3. Master model was fastened impression copings and
plastic transfer impression copings (a, group 1), master
model was fastened impression copings (b, group 2),
impression had been obtained and analog-impression coping
unit positioned in the impression (c)
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Figure 4. Casts before scanning

Figure 5. Scanned cast
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Results

This study aimed to determine if plastic impression-
transfer coping affects dimensional accuracy. For all
impressions used one master model. Five casts were made
for each study group (Table 2-3). All specimens were
measured and involved in the analyses. A specific reference
corner was chosen in each analog to ensure
standardization. The distortion seen in the impression
taken without the plastic impression-transfer coping was
higher than the impression taken with the plastic
impression-transfer coping for all the distances, but no
significant differences were found (p>0.05).

Discussion

This in vitro study was aimed to evaluate plastic
impression coping on the dimensional accuracy of the
implant impression. Research hypothesis, using plastic
impression copings would influence the dimensional
accuracy of the impression, was rejected. Plastic
impression copings influenced the dimensional accuracy
of the impression but it was not statistically significant.

For a prosthesis to be successful, there must be a
passive fit between the abutments and frameworks of the
prosthesis.” Dimensional accuracy of impression is the key
to a successful prosthesis and the impression must
duplicate the clinical situation exactly.® To date,
researchers focused on the aspects which affect the
accuracy of impressions.®

First, implant components used in impression, conical
impression copings, affect the accuracy.” According to Tan,
impression copings significantly affect dimensional accuracy
of impression.® Moment dental implant systems were used
for this study. The second factor is the impression technique.
Closed-tray technique was chosen in this in vitro study. In this
point, several studies have evaluated and reported that the
three-dimensional accuracy of the close tray impression
technique is acceptable when inter-implant angulations
were up to 15°.21011

The type of the impression material is the third factor
affects the accuracy of impression. There are plenty of in
vitro studies that evaluated the dimensional accuracy of
impression materials.'>** Additional silicone was used in
this study. Because according to the literature, additional
silicone has reasonable properties for implant impression.’

The dimensional change of dental stone is another
aspect. This issue may cause the abutment replica’s
displacement in the cast. Type IV dental stone was used in
this in vitro study. Anusavice® reports that type IV dental
stone has at most 0.10% expansion of linear setting.
Consequently, the expansion of dental stones can cause
displace impression coping or abutment replicas. Nakhaei
et al.** reports that the dimensional accuracy of implant
impression techniques usually uses two-dimensional
measurements. In this study, the lab-type scanner has
been used to compare distances in the master model and
in the definitive casts because it measures possible
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distortions in three-dimension. This factor increases the
veracity of this study.

The objective of this in vitro study was to be presenting
new evidence to the literature about the effect of plastic
impression-transfer copings on the dimensional accuracy
of implant impressions. Thus, the null hypothesis
indicating using plastic impression copings makes no
difference in the dimensional accuracy of implant
impressions was accepted. Results of this study show that
plastic transfer impression copings increase measurement
accuracy, but no clinically significant differences were
found as consistent with the findings of Nakhaei et al. and
Arieli et al.*41>

Also, methodological difficulty in the research design
must be taken into account. As above mentioned above
except for impression coping design, impression material,
dental stone type; the presence of saliva, patient
movement during the impression, change in the time from
the impression until the master cast is obtained, the

Table 1. Study Groups

laboratory process may affect the definitive accuracy.
Further studies are needed to determine the effect of
plastic implant transfer coping on dimensional accuracy of
implant impression with an angulated implant. This in
vitro study is proof that using plastic impression-transfer
copings help operators to transfer the exact position of an
implant to the working cast.

Conclusions

According to this in vitro study:
1. Distortions in the anterior-posterior distances were
found compression type.
2. Distortions in the right-left distances were found as
expansion-type.
3. Dimensional change was found the impression using
without plastic impression-transfer coping, but no
clinically significant differences were found.

Study Groups (n=5)

Pl
NON-PI

Close tray impression with plastic impression copings
Close tray impression without plastic impression copings

Table 2. Measurements of Group PI (Close tray impression with plastic impression copings).

MASTER MODEL

Al-B1 18.373
Al-C1 31.881
Al1-D1 40.403
Al-El1 43.383
2.MODEL

Al-B1 18.367
Al-C1 31.834
Al1-D1 40.486
Al-E1 43.105
4.MODEL

Al-B1 18.371
Al-C1 31.924
Al-D1 40.21
Al-El1 43.286

1.MODEL

Al-B1 18.361

Al-C1 32.06

Al1-D1 40.384

Al-E1 43.351
3.MODEL

Al-B1 18.622

Al1-C1 32.197

Al1-D1 40.602

Al-E1 43.718
5.MODEL

Al-B1 18.403

Al1-C1 31.923

Al1-D1 40.281

Al-E1 43.081

Table 3. Measurements of Group NON-PI (Close tray impression without plastic impression copings)

MASTER MODEL

A2-B2 18.373
A2-C2 31.881
A2-D2 40.403
A2-E2 43.383
2.MODEL

A2-B2 18.247
A2-C2 31.891
A2-D2 40.563
A2-E2 43.902
4.MODEL

A2-B2 18.468
A2-C2 31.992
A2-D2 40.34
A2-E2 43.34

1.MODEL

A2-B2 18.528

A2-C2 32.166

A2-D2 40.374

A2-E2 43.687
3.MODEL

A2-B2 18.704

A2-C2 32.145

A2-D2 40.232

A2-E2 43.229
5.MODEL

A2-B2 18.432

A2-C2 31.998

A2-D2 40.19

A2-E2 43.25
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ABSTRACT

Objectives: The aim of the study was to evaluate the effects on enamel calcium and phosphorus content and
color stability of double-acting desensitized varnishes applied to bovine tooth enamel bleached with 40%
hydrogen peroxide.

Material and Methods: The coronal part of 10 newly extracted bovine teeth (approximately 10x12mm in size)
was divided into 5 regions for mineral exchange measurements. To evaluate the color change, 50 newly
extracted bovine teeth were divided into 5 groups. Group 1 unbleached (negative control group), Group 2 was
bleached with 40%HP (positive control group), Groups 3, 4 and 5 were treated Ml varnish, Clinpro White and
Profluoroid varnish after bleaching, respectively. Then, all groups were exposed to the tea solution and enamel
color measurements were made using the CIE Lab method with spectrophotometer. Mineral change
measurements were determined by EDS and morphological changes were observed using SEM. One-way
ANOVA, Tukey HSD tests and Tamhane's tests were used for statistical analysis.

Results: The content of calcium and phosphorus in enamel were like No bleaching>MI varnish>Clinpro
White>Profluoroid>Bleaching. The most color stability after bleaching was determined in teeth which were
applied Ml varnish applied group (p<0.05). The color stability of Profluoroid and Clinpro White applied group
were similar (p>0.05). There was a statistically significant difference between the groups in terms of ALand Ab
averages (p<0.05).

Conclusions: Ml, Clinpro White and Profluoroid varnish used after bleaching were effective in preventing mineral
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loss from tooth enamel and reducing the susceptibility of tooth enamel to staining with tea.

Key words: Bleaching, Desensitizing Agents, Remineralization, SEM-EDS, Color Stability.
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Introduction

Today, individuals not only want to have healthy teeth,
but also want to have a perfect smile.! White teeth are
considered to be associated with both health and beauty
and are preferred by patients. The demand for bleaching
treatments is increasing with rising living standards and
the increased aesthetic expectations.?

Dental bleaching is a safe, effective and minimally
invasive treatment for tooth discoloration® and is a more
conservative approach compared to porcelain crowns and
composite laminate veneer restorations. Dental
bleaching can be performed by using home and in- office
bleaching techniques. Home bleaching is usually applied
to 10-22% carbamide peroxide or 4-10% hydrogen
peroxide, while in-office bleaching is applied to 20-38%
hydrogen peroxide or 35% carbamide peroxide.® In-office
bleaching is preferred more in dentistry practice as it will
provide faster whitening results with less application
compared to home bleaching techniques.®

Although dental bleaching is a minimally invasive
treatment, it causes some adverse effects on dental hard
tissues. The most common adverse effect is tooth

sensitivity.” The others are microscopic changes such as
increased porosity and surface irregularities®, an increase
in surface roughness® and a decrease in hardness,® a
decrease in mineral content of enamel.!! Changes in the
enamel surface after bleaching will create a porous
structure and facilitate the precipitation of various color
pigments in these pores. This will accelerate the
discoloration process on the tooth surface exposed to
bleaching. Therefore, this process can be prevented by
removing the rough enamel surfaces.'? For this purpose,
using a dual-action product consisting of desensitizing and
remineralizing agents during or after the bleaching
treatment not only relieves tooth sensitivity but can also
decrease the potential negative effects of peroxides on
enamel structure.

Fluoride varnish acts as a slow-release reservoir of
fluoride, developed to keep fluoride on the tooth surface
longer. Addition of calcium phosphate salts such as casein
phosphopeptide-amorphous calcium phosphate (CPP-
ACP), tri-calcium phosphate (TCP) to increase the effect of
the varnish can improve the remineralization of
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enamel.}*1> TCP is functionalized (fTCP) by ball milling
beta-tricalcium phosphate with sodium lauryl sulfate.
During the production process, a protective barrier is
created that helps calcium coexist with fluoride ions
around it but prevents unwanted reaction between them
during storage. It releases calcium and fluoride when it
comes into contact with saliva after application.'> CPP-
ACP buffers free calcium and phosphate ion activities,
helping to maintain a stage of supersaturation relative to
tooth enamel, which suppresses demineralization and
strengthens remineralization.® One study reported that
CPP-ACP application to the tooth surface exposed to 35%
HP decreased the incidence and severity of tooth
sensitivity.?” Studies have reported that enamel surface
hardness increases, and roughness decreases after CPP-
ACP is applied to enamel whose roughness increases and
hardness decreases because of bleaching.!*® For these
reasons, the application of these agents after bleaching
can reduce the absorption of pigments as well as promote
remineralization and greater surface sealing, resulting in
greater color stability.

The aim of this study is to evaluate and compare the
effects on enamel Ca and P content and color stability of
double-acting products applied to enamel bleached with
40% HP. The following null hypotheses were tested: 1) the
bleaching treatment does not affect Ca and P content of
the enamel; 2) dual-acting products applied after
bleaching do not affect Ca and P content of the enamel; 3)
dual-acting products applied after bleaching do not have
a significant effect on reducing the susceptibility of tooth
enamel staining with black tea.

Material and Methods

Specimen preparation

In this study, 50 freshly extracted bovine teeth without
caries, cracks, or demineralized surfaces were used.
Periodontal ligament and gingival tissues were cleaned
using a scalpel. The teeth were stored in distilled water
before use. The crown was removed from the root and
buccal enamel specimens were obtained. 10 specimens
(approximately 10x12mm in size) were divided into 5
parts (each part was used in a separate group n=10) to
assess the effect of bleaching and postbleaching dual-
acting desensitizing agents on enamel Ca and P
concentration. 50 specimens were used to assess the
effect of bleaching and postbleaching dual-acting
desensitizing agents on color stability. The specimens
were washed in an ultrasonic bath to eliminate the dirty
of enamel surface and then were embedded in
translucent acrylic resin.

Bleaching procedure and surface treatments

The specimens were divided into 5 groups (n=10).

Group A (negative control group): No bleaching
procedure was performed.

Group B (positive control group): At first, in-office
bleaching gel containing 40% HP (Opalesence Boost,
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Ultradent, South Jordan, Utah, USA) was applied twice,
and each application time was 20 minutes.

Group C (MI Varnish): At first, in-office bleaching gel
containing 40% HP (Opalesence Boost, Ultradent, South
Jordan, Utah, USA) was applied twice, and each
application time was 20 minutes. After the bleaching, Ml
(GC, Tokyo, Japan) varnish were applied to enamel blocks,
dried with air water spray, and waited for 10 minutes.

Group D (Clinpro Varnish): At first, in-office bleaching
gel containing 40% HP (Opalesence Boost, Ultradent,
South Jordan, Utah, USA) was applied twice, and each
application time was 20 minutes. After the bleaching,
Clinpro White (3M ESPE, MN, USA) varnish was applied to
enamel blocks, dried with air water spray, and waited for
10 minutes.

Group E (Profluoroid varnish): At first, in-office
bleaching gel containing 40% HP (Opalesence Boost,
Ultradent, South Jordan, Utah, USA) was applied twice,
and each application time was 20 minutes. After the
bleaching, Profluoroid (VOCO GmbH. Cuxhaven,
Germany) varnish were applied to enamel blocks, dried
with air water spray, and waited for 10 minutes.

Staining protocol

After bleaching protocols were completed, the
specimens were immersed in black tea (Lipton Yellow
Label, Unilever, Istanbul, Turkey) solution (prepared by
soaking 1 bag of black tea in 200 ml of boiled water for 5
minutes) for 10 min per day for two weeks. The solution
was prepared freshly at every day. After that washed and
immersed in distilled water during all day. This cycle was
repeated for 2 weeks.

Color measurement

Color measurements were performed using Vita
Easyshade 5 spectrophotometer (Vita Zahnfabrik, Bad
Sackingen, Germany) in accordance with CIELAB system.
In this system, L* represents brightness (white-black
range), a* represents red-green color range, and b*
represents yellow-blue color range The
spectrophotometer was calibrated in compliance with the
manufacturer’s instructions before each measurement.
Removable plates were prepared on an acrylic block using
an essix plate (1.0 mm Essix C; Dentsply, USA) on a vacuum
press machine (Scheu Ministar, Germany) to standardize
the color measurement site on the specimens. Then
standard windows (R=7mm) were prepared on the plate
corresponding to the areas to be measured on the
specimens. The color parameters (L, a, and b values) of
each sample were measured with a spectrophotometer
from these opened windows. All color measurements for
each specimen were made for each evaluation time point,
at same room and standard light source by a single trained
operator.

The measurements were performed after baseline
(To), bleaching (T1), and staining protocol (T2). Baseline is
defined as the time before bleaching protocols applied.
The color differences between Ti-To, T2-To were
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represented by AEa*(T1), AEa* (T2) respectively and
calculated as follows:
AEap*(T1)=[(AL1-LO*)2+(Aal-a0%)2+(Ab1-b0*)2] /2
AEap*(T2)=[(AL2-L0*)2+(Aa2-a0*)?+(Ab2-b0*)2] 2

AEab =AEab *(T2)- AEab *(T1)

Scanning Electron Microscopy (SEM)

Dispersive Spectrometry (EDS)

After the sample was air-dried, it was fixed on
aluminum plates and gold plated. Then, surface
topography images were taken with a Scanning Electron
Microscope (FE-SEM, Hitachi SU5000, Hi-Tech., Ltd.Japan)
at 5000X magnifications with an acceleration voltage of 10
kV. Calcium and phosphorus content of enamel surfaces
in each group were determined by EDS.

Energy

Statistical Analysis

In this study, IBM SPSS Statistics 22 program was used
for statistical analysis. Kolmogorov-Smirnov and Shapiro-
Wilks tests were used to evaluate the suitability of the
parameters to the normal distribution. It was determined
that the parameters in this study were suitable for the
normal distribution. While evaluating the datas, to
compare between groups the Oneway Anova test was
used, and the Tukey HDS test was used if the variances of
the groups were homogeneous, and Tamhane's T2 test
was used if they were not homogeneous. Significance was
evaluated at the p<0.05 level.

Results

Color Stability Measurement

There was a statistically significant difference between
the groups in terms of AE averages (p:0.001; p<0.05). As
a result of Tamhane's T2 test performed to determine
which groups the significance originates from; although
there was no significant difference between the AL mean
of the non-bleaching group and the MI varnish group
(p>0.05), it was significantly higher than the bleaching
group (p:0.012; p:0.007; p<0.05). There was no
statistically significant difference between Clinpro White
and Proflouoroid groups (p>0.05).

There was a statistically significant difference between
the groups in terms of AL averages (p:0.012; p<0.05). As
a result of the Tukey HSD test performed to determine
which groups the significance originated from; although
there was no significant difference between the AL mean
of the unbleached group and the MI varnish group
(p>0.05), it was significantly higher than the bleaching
group (p:0.006; p:0.000; p<0.05). There was no
statistically significant difference between Clinpro White
and Profluoroid groups (p>0.05). The procedures used in
this study did not effect Aa values. There was no
statistically significant difference between the groups in
terms of mean Aa (p:0.349; p>0.05).

There was a statistically significant difference between
the groups in terms of Ab averages (p:0.001; p<0.05). As
a result of Tamhane's T2 test performed to determine

which groups the significance originates from; although
there was no significant difference between the Ab mean
of the non-bleaching group and the MI varnish group
(p>0.05), it was significantly higher than the bleaching
group (p:0.001; p:0.002; p<0.05). There was no
statistically significant difference between Clinpro White
and Profluoroid groups (p>0.05).

SEM EDS Analysis

Evaluation of Ca and P values of the groups are shown
in Table 2. The graphical comparison is also shown in
Figure 1. There was a statistically significant difference in
the groups of calcium averages (p:0.001; p<0.05). As a
result of Tamhane's T2 test performed to
determine which groups the significance originates from;
the amount of calcium and phosphorus in Ml varnish
group were significantly higher than the Bleaching, Clinpro
White and Profluoroid (p:0.001; 0.001; 0.001; respectively
p<0.05). The amount of calcium and phosphorus in the
unbleached group were significantly higher than the
Bleaching, Clinpro White and Profluoroid (p:0.001; 0.001;
0.001; respectively p<0.05). The amount calcium and
phosphorus of the Clinpro White group were significantly
higher than the Bleaching and Profluoroid groups
(p:0.001; 0.001; respectively p<0.05). The amount of
calcium and phosphorus in Profluoroid group were
significantly higher than the Bleaching group (p:0.001;
p<0.05). There was no statistically significant difference
between the non-bleaching and MI varnish groups
(p>0.05).

Evaluation AL, Aa, Ab and AE of the groups are
shown in Table 3. The graphical comparison is also shown
in Figure 2. The amount of phosphorus in Clinpro White
group was significantly higher than Bleaching and
Profluoroid groups (p:0.001; 0.010; respectively p<0.05).
Phosphorus mean of the Profluoroid group was
significantly higher than that of the Bleaching group
(p:0.001; p<0.05). There was no statistically significant
difference between the non-bleaching and MI varnish
groups (p>0.05).

SEM images were taken at 5000X magnifications to
compare differences in the surface topography of groups
(Figure 3). SEM image of unbleached enamel (control) (A)
with smooth surface morphology and a small incidence of
porosities, bleached enamel (B) with serious surface
changes such as complete removal of the aprismatic layer
and increased depth of enamel irregularities, enamel
treated with MI varnish after bleaching (C) with the
formation of a superficial mineral layer and organized
nanocluster, enamel treated with Clinpro White varnish
after bleaching (D) with the presence of a superficial
mineral layer, but with the presence of numerous and
various sizes of pores in some areas, and enamel treated
with Profluoroid varnish after bleaching with the presence
of a superficial mineral layer, but with the prism centers
not closing completely in some regions.
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Figure 1. Evaluation of the groups in terms of AL, Aa, Ab and AE.
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Figure 2. Evaluation of groups in terms of calcium (C) and phosphorus (P).

Figure 3. Representative scanning electron microphotographs of enamel surfaces(5000X) (A) Unbleached enamel, (B)
Bleached enamel, (C) Ml varnish after bleaching, (D)ClinPro varnish after bleaching, (E) Profluoroid varnish after
bleaching
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Discussion

Bleaching agents lighten the discolored tooth by the
decomposition of peroxides into free radicals. These
radicals convert big pigmented molecules of enamel tissue
into less pigmented smaller molecules through reduction
and oxidation reactions.® Although studies on the effect
of bleaching agents on dental tissue are conflicting,?% 2! it
is widely agreed that peroxides can alter the mineral
content of teeth.?? Lee et al. reported a significant
decrease in the Ca/P ratio of bovine enamel bleached with
30% HP. In another study, the effects of 10% CP on mineral
change and surface properties of enamel were
investigated, and it was reported that as a result of
bleaching, the Ca/P ratio and the Ca, P concentrations of
the enamel decreased, and local changes resembling the
initial tooth decay occur in the tooth enamel.!! In this
study, Ca and P concentrations of enamel bleached with
40% HP were statistically significantly lower compared to
the control group consistent with the results of previous
studies. Therefore, the first hypothesis of the study was
rejected.

Morphological defects and change in mineral content
caused by bleaching can be treated by the application of
remineralizing agents. Considering that the incidence of
tooth sensitivity after bleaching is very high,” dual-acting
products containing both desensitizing and remineralizing
agents can be used after bleaching. In this study,
Profluoroid, Clinpro White and Ml varnish were used from
these products. The lack of using saliva as a remineralizing
agent after in-office bleaching may be the limitation of
this study. Because saliva plays an important role in
protecting enamel from mineral loss and allows enamel
remineralization.?®?* Vargas et al.?° report that saliva acts
as an alkalizing agent and helps reverse the effects of
bleaching. However, in this study, the specimens were
stored in distilled water instead of artificial saliva during
the study period to analyze the effects of both the
bleaching agent and the double-acting products used
after bleaching on the chemical composition and surface
morphology of the enamel.

Cochrane et al.?® reported that MI varnish released
higher levels of fluoride and calcium ions compared to
other varnishes containing Ca and F, and thus had a better
remineralization potential. Another study reported that
CPP-ACP cream was more effective at remineralizing
eroded enamel than fluoride varnish, fluoride toothpaste,
fTCP varnish.?’ Rani et al.?® reported that varnish
containing CPP-ACP has a superior protective potential
compared to varnishes containing F and fTCP. These
findings are consistent with the results of this study, in
which MI varnish applied after bleaching showed the
highest remineralization potential. Some studies reported
that Clinpro White varnish has more remineralization
efficiency than Ml varnish.?> 2% In a study comparing the
effects of 5% sodium fluoride varnish with/without fTCP,
it was reported that the addition of fTCP significantly
increased the remineralizing ability of the varnish.3° Shen
et al.3! and Rani et al.?® evaluated the ability of various

varnishes to inhibit enamel demineralization. It was
reported that all varnishes containing F significantly
inhibit enamel demineralization, but varnishes containing
calcium phosphate and F are more effective than
varnishes containing only F. In addition, MI varnish
reported higher levels of Ca and P release than Clinpro
White varnish, consistent with the findings of this study.
Therefore, the second hypothesis was also rejected.

Application of these substances after bleaching can
promote remineralization and greater surface sealing, as
well as reduce the absorption of pigments and provide
greater color stability.3? In this study, there was no
significant difference between the amount of color
change in the group treated with MI varnish after
bleaching and in the unbleached group. The color stability
of the groups treated with Clinpro White and Profluoroid
varnish after bleaching was higher than the bleached
group only, and lower than the unbleached group.
Therefore, the third hypothesis was rejected. Total color
change (AE) in study groups is attributed to the shift of the
"L" parameter to the negative direction and the positive
direction of the "a" and "b" parameters. In other words,
the parameter “L” shifted to darker tones, “a” more red
and “b” more yellow. The fact that black tea contains
yellow dyes with different polarities can explain this
situation. The results are consistent with the results of the
studies of Karadas and Seven®, Amorim et al.3* The “L”
and “b” parameters had the greatest effect on AE; is
consistent with previous studies.3? 3> 36 Singh et al.3?
showed that tea has a significant effect on the color
change of newly bleached enamel, and this effect is
manifested by the negative (darker) shift of the “AL”
parameter. Another study reports that the bleached
group had the highest L* means, while the groups treated
with CPP-ACP and F had the lowest L* mean after the
unbleached group,?” consistent with the findings of this
study.

Chen et al.3® reported that exposure to coffee and tea
during the bleaching treatment did not affect the efficacy
of the treatment, but exposure after the bleaching
adversely affected the efficacy of the treatment.
Considering that the changes in enamel after bleaching
are responsible for its sensitivity to staining, the use of
CPP-ACP, fTCP and F after bleaching can be very beneficial
in terms of stability of the treatment result and reduction
of tooth hypersensitivity. In addition, administration of
these agents can also assist in removing the dietary
restrictions that are usually recommended for patients
after bleaching treatment.

Conclusions

Within the limitations of the current study, in-office
bleaching resulted in reduced Ca and P in enamel. The use
of dual-acting agents such as MI, Clinpro White and
Profluoroid varnish applied after bleaching was effective
in replacing mineral loss from enamel and reducing the
susceptibility of tooth enamel to staining with tea. Ml
varnish provides the most remineralization, followed by
Clinpro White varnish and Profluoroid, respectively. Ml
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varnish is most effective in reducing discoloration with
tea. However, there is no difference between Clinpro
White and Profluoroid varnishes.
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Table 1. The materials used in this study and their compositions

Product Manufacturer

MI Varnish GC, Tokyo, Japan

Composition (w/w)

30-50% polyvinyl acetate, 10-30% hydrogenated rosin, 20-30%
ethanol, 1-8% sodium fluoride, 1-5% CPP-ACP, 1-5% silicon dioxide

30-75% pentaerythritol glycerol ester of colophony resin, 10-15% n-

Clinpro White Varnish 3M ESPE, MN, USA

hexane, 1-15% ethyl alcohol, 1-5% sodium fluoride, 1-5% flavour
enhancer, 1-5% thickener, 1-5% food grade flavour, <5% modified

tricalcium phosphate

VOCO
Germany

GmbH.  Cuxhaven,

Profluorid varnish
Opalescence Boost

Office Bleaching Agent SRS

5%sodium fluoride, ethanolic colophony

40% hydrogen peroxide, thickeners, 1.1% sodium fluoride, 3%
potassium nitrate, pH regulators.

Table 2. Evaluation of the groups in terms of AL, Aa, Ab and AE.

AL Aa Ab AE
MeantSD MeantSD MeantSD MeantSD
No bleaching -4.05+1.53a 0.2041.18a 2.4040.33a 4.91+1.27a
Bleaching -7.7311.07b 0.56+1.01a 6.18+2.72b 10.10£2.30b
Ml varnish -4.99+1.10a 0.12+0.24a 1.2440.76a 5.19+1.12a
Clinpro varnish -5.82+1.09c 0.74+1.31a 3.64+0.58c 7.04+1.06¢c
Profluoroid varnish -5.96+1.10c 0.81+1.00a 3.75+0.61c 7.19+0.89c¢
p 0.012* 0.349 0.001* 0.001*
Oneway ANOVA Test *p<0.05
Different letters in the columns indicate the difference between groups.
Table 3. Evaluation of groups in terms of calcium and phosphorus.
Ca P
meanSD meantSD
No bleaching 44.76+1.30a 20.26+0.23a
Bleaching 33.52+0.63b 16.36+0.53b
Ml Varnish 46.54+2.15a 20.31+0.39a
Clinpro varnish 39.51+1.90c 18.57+0.78c
Profluoroid varnish 35.92+0.83d 17.43+0.34d
p 0.001* 0.001*

Oneway ANOVA Test *p<0.05
Different letters in the columns indicate the difference between groups.
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ABSTRACT

Objectives: The purpose of this study is the evaluation of the perspectives of the educators in Faculties of
Dentistry with regard to online education.

Materials and Methods: 1t was requested from the educators of the Faculties of Dentistry to fill in a
questionnaire about their perspectives on online education including overall assessment statements. The
guestionnaire was delivered to the participants as a paper-based or online version. The data were evaluated
using descriptive statistics and multiple logistical regression analysis.

Results: 350 valid responses were received by the educators over the course of 15 days. By means of our results,
we determined that the educators accommodate themselves to the online education on easy terms. However,
fewer educators found online education advantageous over face-to-face education. In addition, during online
education, it was mostly given a negative opinion as to students' class attendance, class participation, and
learning success can be controlled or not. According to the results of the multiple logistical regression analysis,
it was shown that the positive opinions of the educators in terms of their perspectives about online education
can be increased with the increase in weekly course hours and the current technological infrastructure situation,
and can be decreased with the increase in tenure.

Conclusions: Our study shows that the perspectives of the educators with regard to online education were not
positive. However, the results demonstrate that the perspectives of the educators for online education can
change with various factors.

Keywords: Dental Education; Dental School; Online Education; Survey.

oz

Amag: Bu galismanin amaci, dis hekimligi fakiltelerindeki 6gretim tyelerinin gevrimigi egitime bakis agilarinin
degerlendirilmesidir.

Gereg ve Yontemler: Dis hekimligi fakultelerindeki 6gretim Uyelerinden, ¢evrimigi egitime bakis acilar ile ilgili
genel degerlendirme ifadeleri igeren bir anket doldurmalari istendi. Anket, katiimcilara kagit Gzerinde veya
cevrimici olarak ulastirildi. Veriler, tanimlayici istatistikler ve ¢oklu lojistik regresyon analizi ile degerlendirildi.
Bulgular: Ogretim Uyelerinden on bes giin boyunca 350 gecerli yanit alindi. Bulgularimiz araciligiyla dgretim
tyelerinin gevrimici egitime uyum saglayabildigini belirledik. Ancak gevrimigi egitimi, yuz-ylze egitime goére
avantajli bulan 6gretim Uyesi daha azdi. Ayrica gevrimigi egitim sirasinda 6grencilerin, derse devamlarinin, derse
katihmlarinin ve 6grenme basarilarinin kontrol edilebildigi/edilebilecegi konusunda gogunlukla olumsuz goris
bildirildi. Coklu lojistik regresyon analizi sonuglarina gore 6gretim uyelerinin, gevrimici egitimle ilgili bakis
acllarindaki olumlu goruslerinin, haftalik verilen ders saati ve mevcut teknolojik altyapi durumunun iyilesmesiyle
artabilecegi, gorev suresinin artmasiyla azalabilecegi gosterildi.

Sonuglar: Calismamiz, 6gretim Uyelerinin, ¢evrimigi egitime bakis agilarinin olumlu olmadigini géstermektedir.
Ancak sonuglar, 6gretim Uyelerinin online egitime bakis agilarinin gesitli faktorlerle degisebilecegini
gostermektedir.

Anahtar Kelimeler: Dis Hekimligi Egitimi; Dis Hekimligi Fakultesi; Cevrimigi Uzaktan Egitim; Anket.
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Introduction

Distance education is characterised by the teaching-
learning process in which the relationship between the
educator and the student does not occur physically.>? The
use of distance education can be considered as one of the
indicators of the adaptability of countries, institutions,
and even individuals to the era they are in and to the
accessed technology.> However, online education is
defined as a newer version of distance education that
enhances access to education through the use of certain
technologies.*®

Online education provides the student to learn at
his/her own pace with fast and easy access to the Materials.
In addition, it enables him/her to receive education without
dealing with certain expenses such as transportation and
accommodation.? Another advantage of online education is
claimed to be providing students with easier and more
effective access to more diverse and more numerous
information.® With the developing technology, it is only
reasonable to take advantage of online education. The
health professionals in the USA argue that online education
should be adopted in schools of dentistry of the country in
order to take advantage of the opportunities online
education offers.”® However, digital transformation is
considered a slow process in schools of dentistry.*° In
addition, practical training and clinical training are essential
in the pre-clinical curriculum in the education of dentistry.
This makes people think that online education feasible in
the future will include only the theoretical educational
content of the education of dentistry.°

In March 2020, the Covid-19 pandemic caused an
unprecedented change in the education of dentistry by
necessitating the need for online education.!! In
December 2019, Coronavirus Disease 2019 (Covid-19),
characterised by pneumonia-like symptoms, was firstly
reported in Wuhan City, Hubei Province, China. The virus
spread rapidly and caused a worldwide epidemic. On
March 11, 2020, the first Covid-19 case was seen in
Turkey, and on the same date, World Health Organisation
(WHO) explained that this newly emerged virus is a
pandemic.*?'? The Covid-19 pandemic has caused a great
impact on the health system and the education of
dentistry.*1> In Turkey on March 16, 2020, primary and
secondary schools and higher education institutions were
closed off. On March 23, 2020, Turkey's Council of Higher
Education announced that the online education process
would begin in all the universities with the available
infrastructure because of the pandemic. Many educators
and students had to adapt to online education suddenly.
This rapid shift to online education brought up various
concerns and questions. In addition to creating the need,
this pandemic can also provide the chance to accelerate
digital transformation in the education of Dentistry.'®
Therefore, the perspectives of both the educators and the
students with regard to online education should be taken
into consideration so that online education is developed
efficiently and the raised concerns are addressed.

In the literature, many studies have focused on the
perspectives of the students with regard to online
education’*° For all we know, there is a limited number of
studies that evaluate the perspectives of educators with
regard to online education.’®? For this reason, the aim of
this study is the evaluation of the perspectives of the dental
educators in Turkey with regard to online education by
means of the questionnaire. The null hypothesis of this
study was that the perspectives of the dental educators
with regard to online education would be positive.

Materials and Methods

The study protocol for this study is approved by the
Ethics Committee of the Ataturk University, Faculty of
Dentisry (decision date being June 22, 2022; issue no. 67).
The study was conducted in accordance with the
Declaration of Helsinki. This survey was carried out between
June-July 2022. The questionnaire that was used was the
altered version of the questionnaires which were developed
by Schlenz et al.*°, and Alsoufi et al.?! and were studied in
terms of their reliability. Before being finalised, a preliminary
test was subjected to a small group of educators in order to
ensure the clarity of the questionnaire. The questionnaire
was developed in Turkish and its internal consistency was
tested in a pilot study including 25 faculty of members. The
sample taken from the pilot study has not been
incorporated into the final analysis. To know the size of the
target population, the data was taken from’ OSYM'’s
(Measuring, Selection and Placement Center) lastly
published Higher Education Programs and Quotas Guide.?
Accordingly, there are 2247 dental educators registered in
the Faculties of Dentistry in Turkey. According to the target
population, 329 answers was required to provide a 95%
confidence range and 5% margin of error. The questionnaire
was delivered to the dental educators in Turkey as a paper-
based or online version. The paper version was distributed
among the educators. The online version was sent via e-
mail. The e-mail included an anonymous link to the
questionnaire. For the questionnaire to be sent online,
Google Forms was used. The educators who do not respond
in the beginning were reinvited with a second e-mail. There
was not any incentive to participate in the questionnaire.
Personal information was not gathered in order to ensure
safety and anonymity. This issue was emphasised to all the
participants and clearly indicated at the beginning of the
questionnaire. The paper-based questionnaires that are
completed were gathered in a predetermined place by one
of the researchers in order to ensure safety and avoid any
response bias. In addition, only the fully-filled
questionnaires were included in the study as for the online
version. The participants were not aware of the goal or the
results of the study in order to decrease any possible risk of
bias.

Before the questionnaire, the participants were
presented with the informed consent form and were asked
to confirm that they read and understand the document.
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The 27-item questionnaire was including general questions
about the current technological infrastructure situation
such as the perspective with regard to online education,
proficiency in the use of electronic devices, and quality of
the internet that was used along with basic demographic
data such as gender and age. Section 1 was involving
evaluative statements concerning online education
infrastructure, and Section 2 concerning perspective with
regard to online education. The participants were asked to
agree/disagree the statements using a five-point Likert
scale. Lastly, in Section 3, demographic questions were
asked. Cronbach's Alpha has shown a high degree of
reliability in terms of the questionnaires on technological
infrastructure for online education (0.883) and perspective
with regard to online education (0.935).

Statistical Analysis

SPSS 20.0 for Windows (SPSS Inc., IL, ABD) program was
used for the recording of the data and statistical evaluation.
Descriptive statistics were used in order to analyse the
answers that the participants gave to the questionnaires of
demographic data, perspective with regard to online
education, and current technological infrastructure situation
for online education, using frequency and percentage. The
categorical variables were defined as frequencies and
percentages, and as mean (standard deviation) having
appropriate  continuous variables. Multiple logistical
regression analysis was used to identify the simultaneous
effects of age, tenure in educatorship, weekly course hours,

Table 1 Demographic characteristics of the respondents.

academic title, and current technological infrastructure
situation for online education, for each question in the
guestionnaire on perspective with regard to online
education. For multiple logistical regression analysis, the
participants who chose the options agree and strongly agree
were gathered into a group and identified as “positive” and
the participants who chose the options neutral, disagree, and
strongly disagree were gathered into a group and identified
as “neutral/negative”. The results were displayed as odds
ratio and 95% confidence intervals. The results were
considered statistically significant at p < 0.05.

Results

Basic Demographic Characteristics

350 fully-filled questionnaires were gathered in total
from the dental educators in 28 different provinces of
Turkey. 179 of the participants (51.1%) were female, and
171 of the participants (48.9%) were male. The mean age
was 40.83 (+9.02). Most of the participants were assistant
professor (137, 39.14%). 300 of the educators had not
experienced online education before the Covid-19
pandemic. After the pandemic, the number of educators
who did not experience online education was down to 28
people. The online education method that was experienced
was mostly indicated as the combination of synchronous
and asynchronous online learning (blended) (47.51%). The
results with regard to the demographic data of the
participants who responded are shown in Table 1.

Variable n (%) Variable n (%)
Gender Weekly Course Hours
Female 179 (51.14) 1-4 130 (37.15)
Male 171 (48.86) 5-8 98 (28)
9-12 69 (19.71)
Age (in years) 13-16 34 (9.71)
21-30 23 (6,57) 16+ 19 (5.43)
31-40 180 (51.43)
41-50 94 (26.86) Experience in Online Education
51-60 39 (11.14) Yes 322 (92.00)
61-70 14 (4) No 28 (8.00)
Areas of Expertise Experience in Online Education
Oral and Maxillofacial Surgery 37 (10.57) before Covid-19
Maxillofacial Radiology 46 (13.14) Yes 50 (14.29)
Endodontics 35 (10) No 300 (85.71)
Ortodontics 41 (11.71)
Pedodontics 40 (11.43) Experienced Education Method
Periodontology 54 (15.43) Synchronous 142 (44.10)
Prosthetic Dentistry 54 (15.43) Asynchronous 27 (8.39)
Restorative Dentistry 43 (12.29) Blended 153 (47.51)
Academic Title Tenure
Lecturer 24 (6.86) 1-5 149 (42,57)
Assistant Professor 137 (39.14) 6-10 80 (22.86)
Associate Professor 91 (26) 11-15 51 (14,57)
Professor 98 (28) 16-20 27 (7.71)
Mean values of the answers given to the questionnaire on
current technological infrastructure for online education
<3 88 (25.14)
>3 262 (74.86)
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Table 2 Distribution of responses to the current technological infrastructure situation survey for online education.

Item description Sfrongly Disagree Neutral Agree Sy
disagree Agree

E1. | find myself sufficient in using electronic devices. 3(0.86) 9(2.57) 75 (21.43) 210 (60.00) 53 (15.14)

E2. | find the technolggy of tr_\e. electronic devices | use/will 3(0.86) 39(11.14) 87 (24.86) 175 (50.00) 46 (13.14)

use for online education sufficient.

E3. | find the.quallty and s.peed of m.y |nternet.c.onnect|on 15 (4.29) 60(17.14) 117 (3343) 146 (41.71) 12 (3.43)

that | used/will use for online education as sufficient.

E4. | find the infrastructure set up by my university for 15 (4.29) 66 (18.86) 87 (24.86) 156 (44.57) 26 (7.42)

online education as sufficient.
Values are presented as n (%).

The Evaluation of the Current Technological

Infrastructure Situation for Online Education among

the Participants

Four questions were used for the evaluation of the
current technological infrastructure situations of the
educators for online education. The vast majority of the
participants (263, 75.14%) stated being sufficient in using the
electronic devices, and similarly, the vast majority of the
participants (221, 63.14%) stated that they found the
technology of the electronic devices that they used as
sufficient. Participants who found the quality and speed of
the internet connection that they used as sufficient were less
(158, 45.14%). The educators mostly stated that the
infrastructure that their university set up for online
education was sufficient (182, 51.99%). Table 2 summarises
the findings with regard to the evaluation of the current
technological infrastructure of the educators for online
education. The mean value of the answers to the four
guestions given by one participant was calculated and results
with regard to these values were presented in Table 1.

The Perspectives of the Educators with regard to

Online Education

Thirteen questions were used to evaluate the
perspective with regard to online education. According to
the answers taken from the questionnaire, the
perspective of the dental educators was generally
neutral/negative. As 156 of the educators (44.57%) stated
that online education is a good method to teach the
theoretical part of dental education, 171 of them (48.86%)
stated that some parts of dental education should
continue online education in the future. However, there
were only 65 educators (18.57%) who found online
education more advantageous than face-to-face
education. 166 of the educators (47.43%) reported that
online education would be easily implemented in the
future. But negative opinion was given on the matter of
whether class attendance (87, 24.86%), class participation
(88, 25.14%), and learning success (100, 28.57%) can be
controlled or not during online education. The majority of
the educators gave a positive opinion in terms of feeling
comfortable during online education (199, 56.86%) and
not having a hard time adapting to online education (208,
59.43%). Table 3 summarises the findings concerning the
questionnaire on the perspectives of educators with
regard to online education.

The logistic regression model was implemented to
investigate the impact of age, tenure in educatorship, weekly
course hours, academic title, and current technological

infrastructure situation for online education on the
perspective with regard to online education (Table 4). It was
found that the number of the educators who believe that
online education is a good method for teaching the
theoretical part of the dental education increases with the
increase in weekly course hours (OR=1.05, Cl: (1.01, 1.09); p =
0.026) and current technological infrastructure situation (OR
=1.54, CI: (1.11, 2.12); p=0.009), and decreases with the
increase in tenure (OR=0.92, Cl: (0.85, 0.99); p=0.034). In
addition to this, lecturer gave 4.38 times more positive
opinions than professors about online education being a
good method for teaching the theoretical part of dental
education (OR = 4.38, Cl: (1.08, 17.81); p= 0.039). It was
demonstrated that the mean course hours per week of the
educators who think positively about the continuation of
some parts of dental education with online education are
higher than people who selected neutral/ negative (Table 3).
However, according to the multivariate logistic analysis that
was done, there was not a meaningful relationship between
weekly course hours and this situation. The number of
educators that think online education is more advantageous
than face-to-face education (OR=1.07, Cl: (1.02,
1.12); p=0.004) and parts of dental education should
continue in online education in the future (OR = 1.05, Cl:
(1.01, 1.10); p=0.019) increased with the increase in weekly
course hours. The number of the educators who think parts
of dental education should continue in online education in
the future and online education can easily be implemented
in the future increased with the increase in the current
technological infrastructure situation ((OR=1.43, Cl: (1.05,
1.96); p=0.024), (OR=1.43, Cl: (1.05, 1.95); p=0.009)) and
decreased with the increase in tenure ((OR=0.91, CI: (0.85,
0.99); p=0.020), (OR=0.90, CI: (0.84, 0.97); p=0.007)). In
addition, it was found that the number of the educators who
think that students could/will control their class attendance
(OR=1.07, Cl: (1.02, 1.12); p=0.004) and class participation
(OR=1.07, CI: (1.02, 1.12); p=0.004) during online education,
felt/will be feeling comfortable during online education (OR=
1.56, Cl: (1.14, 2.14); p=0.006) and did not/will not have a
hard time in adapting in online education (OR = 1.07, Cl:
(1.02, 1.12); p= 0.004) increased with the increase in the
current technological infrastructure situation. It was found
that the mean age and tenure of the educators who think
students could/will control their learning success during
online education were higher than educators who think
otherwise (Table 3). However, in the multivariate analysis,
there was not a meaningful relationship between this
situation and the age and tenure of the educators. In
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addition, it was seen that the number of educators who think
students could/will be feeling comfortable during online
education just as in face-to-face education increased with the
increase in weekly course hours (OR = 1.06, Cl: (1.01,
1.11); p=0.010) and age (OR=1.09, ClI: (1.01, 1.19); p=0.032).

Discussion

Face-to-face dental training that has been applied
worldwide over the years requires close contact (23, 24).
With the Covid-19 pandemic, dental training has been
revised almost all over the world in a way that fits the need
for epidemic prevention in terms of social distance.? It is
thought that this pandemic not only creates the need but
also provides the chance to accelerate digital
transformation in dental training.® Consistent with the
literature, our results show that 272 educators experienced
online education after the Covid-19 pandemic. In addition,
the convenience and flexibility that online education offers
seem to be contributing to the proliferation and popularity
of this method.?® Therefore, the efficient examination and
development of online education will be beneficial. During
our research, there was limited up-to-date information
about the perspective of the dental educators with regard
to online education.’®® This study is designed to
investigate the perspectives of the educators with regard to
online education. The results of this study brought out the
neutral/negative perspectives of the educators with regard
to online education. That said, the current study
emphasises that age, tenure in educatorship, weekly course
hours, academic title, and current technological
infrastructure situation of the educators affects their
perspectives with regard to online education. According to
the results of our study, our null hypothesis is rejected.

For questionnaires in the healthcare field, the use of
the Likert scale is acknowledged as standard procedure.?”
2 Therefore, the Likert scale was used in the current study
for the investigation of the perspectives of educators with
regard to online education. All the participants were
informed that data collection was completely anonymous
and the monitorability of the respondent was not allowed.
Thus biasness while responding was attempted to be
avoided.

According to the data taken from YOK (Higher Education
Program), 123 of the 207 universities in Turkey have the
Distance Education Application and Research Center. There
is no one distance education method for the universities at
present. Universities use different online education methods
such as synchronous and asynchronous according to the
current infrastructure and the number of students.®
Although every university has its online education methods,
182 (52%) of the educators who participated in the study
stated that the infrastructure of the university in which they
work is sufficient. The number of educators who stated
otherwise is only 81 (23.14%). In addition, the vast majority
of the educators who participated in the study stated that
they found themselves sufficient in using the electronic
devices (263, 70.1%), and the technology of the electronic
devices that they used (221, 63.1%) was sufficient as well.
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Rota et al.%%, stated in their study that some educators have
difficulties in synchronous and asynchronous online
education methods because of slow internet connections
and network problems. Consistent with this study, in our
study, it was demonstrated that the current technological
infrastructure situations of the educators may have an effect
on their perspectives with regard to online education.

Educators who participated in the study of Schlenz et
al.’® mostly stated that online education is a good method
to teach the theoretical part of dental education.
However, in the current study, 156 (44.6%) educators
agree with this opinion. This difference may be related to
the considerable difference in the number of the
participants and difference in the preparation and
implementation of online education in different countries.
In addition, it was shown that their ideas about online
education being a good method to teach the theoretical
part of dental education are affected by their tenure in
educatorship, weekly course hours, and current
technological infrastructure situations (Table 4).

There is no doubt that online education has many
disadvantages along with many advantages in comparison
with face-to-face education. Most of the educators who
participated in the study of Idris et al.3! defined online
education as a way of learning new education techniques
and being more productive and innovative. Meanwhile, the
educators unfortunately felt that the students can not
control their class attendance and learning success. Only 65
(18.6%) of the educators who participated in the current
study stated that online education is more advantageous in
many ways to teach the theoretical part of dental education
in comparison with face-to-face education. This finding is
reasonable since there are fewer educators who think
students were/will be disciplined and careful during online
education (78, 22.3%), students could/will be able to control
their class attendance (87, 24.9%), students could/will be
able to control their class participation (88, 25.1%) and
students could/will be able to control their learning success
(100, 28.6%). Having said that, although it was reported that
students are kept from getting feedback with regard to their
learning success because there is a weaker relationship that
exists between the educator and the student in online
education®?, it was indicated that proper designation and
preparation of the online education are the strongest factors
affecting the outcomes of a successful online education.3 In
addition, Wise et al.3* showed that the efficacy of educators
with regard to online education is not related to general
tenure in educatorship, but related to the number of online
course hours that were experienced. Educators having higher
self-efficacy levels have more flexibility in the working
environment and higher chances of making improvements in
challenging situations.>>3® They may be more willing to try
new education methods.?” The findings of our study are
consistent with the study of Wise et al. in that the number of
educators who think online education is more advantageous
in many ways in comparison with face-to-face education only
meaningfully increases with the increase in weekly course
hours (Table 4). In addition, the findings of our study are
consistent with the study of Wise et al. in that the number of
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implemented in the future, with the increase in tenure in  education (171, 48.9%) is higher than those who think

educ

atorship. This difference might be considered to be otherwise (76, 21.7%).

Table 3 Combined ratings descriptive statistics for the questionnaire on perspectives of educators with regard to online education

e Academic Title Tenure Course Technological
Item description n (%) Hours Infrastructure
meanSD 1 2 meantSD meanSD meanzSD
P1. Online education is a good method to teach parts of dental education.
Positive response 39.849.0 76 (40.2) 80 (49.7) 8.618.5 8.515.0 3.710.8
Neutral/negative response 41.6%8.9 113 (59.8) 81 (51.3) 10.949.1 6.745.8 3.440.7

P2.

Teaching the theoretical part of dental education without loss of content is possible with online education as well, as it is in
face-to-face education.

Positive response 40.8+10.3 49 (25.9) 51 (31.7) 10.3+£10.6 8.616.2 3.740.9

Neutral/negative response 40.848.5 140 (74.1) 110 (68.3) 9.848.1 7.0£5.2 3.440.7
P3. Online education is more advantageous for many ways in comparison with face-to-face education to teach the theoretical part

of dental education.

Positive response 40.8+8.9 34 (18) 31 (19.3) 9.848.3 9.6+4.9 3.740.8

Neutral/negative response 40.9+9.1 155 (82) 130 (80.7) 9.949.0 7.0£5.6 3.5+0.8
P4. | think that online education is beneficial in teaching the theoretical part of dental education and that parts of dental education

should continue in online education in the future.

Positive response 39.9+8.8 84 (44.4) 87 (54) 8.718.4 8.445.1 3.610.8

Neutral/negative response 41.8+9.2 105 (55.6) 74 (46) 11.149.2 6.6+5.8 3.4+0.7
P5. | think that online education will be easily implemented in the future to teach the theoretical part of dental education.

Positive response 40.619.1 85 (45) 80 (49.7) 9.248.7 8.1+5.7 3.610.8

Neutral/negative response 41.149.0 104 (55) 81 (51.3) 10.5+9.0 6.945.3 3.440.7
P6. | found/I think I will find students disciplined and careful during online education.

Positive response 42.5+9.7 47 (24.9) 31 (19.3) 11.0+9.9 8.2+5.0 3.7+0.8

Neutral/negative response 40.4+8.8 142 (75.1) 130 (80.7) 9.618.6 7.315.7 3.540.7
P7. | think I could control/I will be able to control the class attendance of the students during online education.

Positive response 42.249.4 51 (27) 36 (22.4) 10.849.6 8.615.7 3.740.8

Neutral/negative response 40.3+8.8 138 (73) 125 (77.6) 9.618.6 7.1+5.4 3.4+0.7
P8. | think | could control/I will be able to control the class participation of the students during online education.

Positive response 43.2+10.0 54 (28.6) 34 (21.1) 12.1+10.0 8.0%4.4 3.7+0.7

Neutral/negative response 40.148.6 135 (71.4) 127 (78.9) 9.1+8.4 7.345.9 3.440.8
P9. | think I could control/I will be able to control the learning success of the students during online education.

Positive response 44.5+8.5 75 (39.7) 25 (15.5) 12.948.7 7.8%5.2 3.7+0.7

Neutral/negative response 39.4+0.8 114 (60.3) 136 (84.5) 8.718.8 7.3%5.7 3.5+0.8
P10. | feel comfortable/I think | will feel comfortable during online education just as in face-to-face education.

Positive response 41.149.5 102 (54) 97 (60.2) 10.049.5 8.415.7 3.610.8

Neutral/negative response 40.418.3 87 (46) 64 (39.8) 9.848.1 6.315.1 3.3+0.7
P11. Online education was as satisfactory as face-to-face education/| believe it will be as satisfactory.

Positive response 43.149.6 34 (18) 22 (13.7) 11.8+10.1 6.945.2 3.610.9

Neutral/negative response 40.448.8 155 (82) 139 (86.3) 9.618.6 7.615.6 3.540.7
P12. Use of new digital teaching methods (e.g: online education) motivates me/I believe it will motivate me.

Positive response 41.249.4 41 (21.7) 33 (20.5) 10.2+9.4 7.5+5.7 3.610.9

Neutral/negative response 40.7+8.9 148 (78.3) 128 (79.5) 9.8+8.7 7.5%5.5 3.5+0.7
P13. | did not have a difficulty in online education/I believe | will not.

Positive response 39.848.4 105 (55.6) 103 (64) 8.817.6 7.715.4 3.610.7

Neutral/negative response 42.4+9.6 84 (44.4) 58 (36) 11.6+10.3 7.2%5.8 3.4+0.8

N

Values are presented as mean  standard deviation (SD) or n (%).
Academic Title (1: Professor and Associate Professor, 2: Assistant Professor and Lecturer)
Positive response (Agree, Strongly agree)

eutral/negative response (Neutral, Disagree, Strongly Disagree)
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Table 4 Multiple logistic regression results for the questions of educators perspectives on online education.

Dependent Variable Independent Variable Odds Ratio 95% of CI p-value
P1. Online education is a good method to teach  Tenure (years) 0.92 0.85-0.99 0.034*
parts of dental education. Course Hours (hours) 1.05 1.01-1.09 0.026*
Academic Title
Professor (Reference)
Associate Professor 1.28 0.60-2.74 0.524
Assistant Professor 1.46 0.60-3.58 0.401
Lecturer 4.38 1.08-17.81 0.039*
Technological Infrastructure 1.54 1.11-2.12 0.009*
P3. Online education is more advantageous Course Hours (hours) 1.07 1.02-1.12 0.004*
for many ways in comparison with
face-to-face educationto teach the
theoretical part of dental education.
P4. | think that online education is beneficial in ~ Tenure (years) 0.91 0.85-0.99 0.020*
teaching the theoretical part of dental Course Hours (hours) 1.05 1.01-1.10 0.019*
education and that parts of dental education Technological Infrastructure 1.43 1.05-1.96 0.024*
should continue in online education in the
future.
P5. | think that online education will be Tenure (years) 0.90 0.84-0.97 0.007*
easily implemented in the future to teach the Technological Infrastructure 1.43 1.05-1.95 0.024*
theoretical part of dental education.
P7. | think | could control/I will be able to Technological Infrastructure 1.49 1.02-2.16 0.037*
control the class attendance of the students
during online education.
P8. | think | could control/I will be able to Technological Infrastructure 1.52 1.05-2.20 0.025*
control the class participation of the students
during online education.
P10. | feel comfortable/I think | will feel Age (years) 1.09 1.01-1.19 0.032*
comfortable during online education just as Course Hours (hours) 1.06 1.01-1.11 0.010%*
in face-to-face education. Technological Infrastructure 1.56 1.14-2.14 0.006*
P13. | did not have a difficulty in online Technological Infrastructure 1.56 1.14-2.13 0.006*

education/I believe | will not.
*Statistically significant at 0.05 significance level

Selvaraj et al.3®, in their study regarding online
education carried out with students, stated that 63% of the
students were not comfortable during online education. In
addition, Schlenz et al.’° stated that educators felt more
comfortable during face-to-face education in comparison
with online education. In contrast to these studies, the vast
majority of the educators who participated in the current
study (199, 56.9%) stated that they felt/will feel
comfortable during online education just as in face-to-face
education. That said, it is shown in our study that feeling
comfortably increases with the increase in ages, weekly
course hours, and current technological infrastructure
situations of the educators. The reason for the findings
being different than other studies may be related to the
differences in ages and weekly course hours of the study
population or different preparation and implementation of
online education in different countries.

It has been shown in various studies that educators
and students who participate in the study regarding online
education can easily be adapted to online
education.’®3® In addition, in the study of Chang et al.*°,
it was indicated that students adapt more quickly in
comparison with senior educators since they are more
familiar with technological devices. Consistent with this
finding, in the current study, it was shown that the
number of educators who think educators do not/will not
have difficulty in adapting to online education increases
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with the increase in their
infrastructure situations.

Our study has provided a general analysis about the
perspectives of educators with regard to online education.
Due to a broad-based survey design including a random
sample of the educators across Turkey, current results
could be generalised without too much inherent bias. The
possible limitation of this study was that it was carried out
in one country. Thus, the results can not be generalised to
other countries and there is the need for further studies
being carried out in different countries and centers in
order to achieve a general result with regard to online
education.

current technological

Conclusions

This study revealed that educators adapt to online
education. In addition, although the current study had
determined that educators carry neutral/negative
perspectives with regard to online education, it has been
shown that perspectives of the educators with regard to
online education can change with factors such as age,
tenure in educatorship, weekly course hours, academic
title, and current technological infrastructure situation.
Today, we can say that the results will change in time as
faculties of dentistry gain more experience in online
education.
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ABSTRACT

Objectives: Present study aimed to evaluate the roughening ability of different laser systems on the middle and
apical third of roots.

Materials and Methods: Sixty extracted human single-rooted single canal mandibular premolar teeth were
randomly assigned to 3 groups (n=20). Standardized preparation and sterilization procedures were performed.
The samples were irradiated with Er:YAG, Nd:YAG, and KTP laser systems. The laser irradiations (1.5 Watt) were
applied with a spiral motion, starting 1 mm short of the apex and then moving coronally for 10 sec, interleaved
with 15-sec recovery intervals for each irradiation. This process was repeated twelve times. The roots that were
standardized in the same length and thicknesses were divided parallel to the longitudinal axis. Then, the middle
and apical 1/3 surface roughness values of each root section were measured using a profilometer and SEM
analysis was performed. The data obtained were analysed using the two-way analysis of variance (ANOVA) and
Tukey post-hoc tests.

Results: According to measurements obtained from middle and apical 1/3 surfaces; Although, the statistically
highest roughness value was determined after Nd:YAG laser (p<0.05), the statistically lowest value was detected
following the Er:YAG laser irradiation (p<0.05).

Conclusions: In light of the present study, all laser systems caused significant roughness in surfaces. Therefore,
laser systems should be carefully applied in human root canals.

Keywords: Laser; Endodontics; Nd:YAG; Er:-YAG; SEM.

Er:YAG, Nd:YAG ve KTP Lazer Sistemlerinin K6k Dentin Yuzeyindeki
Piirizlendirme Etkisi
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oz

Amag: Bu calisma, koklerin orta ve apikal Uglustinde farklh lazer sistemlerinin pirizlendirme kabiliyetini
degerlendirmeyi amaglamistir.

Gereg ve Yontemler: Altmis cekilmis tek kok tek kanalli insan mandibular premolar disler rastgele olarak 3 gruba
ayrildi (n=20). Standart preparasyon ve sterilizasyon prosediirleri uygulandi. Ornekler Er:YAG, Nd:YAG ve KTP
lazer sistemleri ile isinlandi. Lazerlerle 1sinlama (1,5 Watt) apeksin 1 mm yukarisindan spiral hareketlerle
baglanarak koronale dogru 10 sn boyunca uygulandi ve her isinlama sonrasi 15 sn beklenildi. Bu prosediir 12 kez
tekrarlandi. Esit uzunluk ve kalinlikta standardize edilen kokler disin uzun aksina paralel olacak sekilde ayrildi.
Daha sonra, her kok kesitinin orta ve apikal 1/3 bélgelerinde meydana gelen yiizey puruzltlik degerleri
profilometer kullanilarak 6lglldu ve SEM analizi uygulandi. Elde edilen veriler, iki yonli varyans analizi (ANOVA)
ve Tukey post-hoc analiz testleri kullanilarak analiz edilmistir.

Bulgular: Orta ve apikal 1/3 yuzeylerinden elde edilen 6l¢iim sonuglarina goére; istatistiksel olarak en yiksek
purizltluk degeri Nd:YAG lazer sonras tespit edilmesine ragmen (p<0,05), istatistiksel olarak en dustk deger
Er:YAG lazer isinlama sonrasinda tespit edildi (p<0,05).

Sonuglar: Bu ¢alismanin 1s18inda, tim lazer sistemleri 6nemli 6lglide ylizey purizliligiine neden oldular. Bu
nedenle, lazer sistemleri insan kok kanallarinda dikkatle uygulanmalidir.

Anahtar Kelimeler: Lazer; Endodonti; Nd:YAG; Er:YAG; SEM.
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Introduction

Success in endodontic treatments depends on many factors.
One of the most important of these factors is root canal
disinfection. For this purpose, many methods and materials
have been tried and brought to the world of endodontics.
One of the most important pieces of equipment that
advanced technology has brought to dentistry in recent years
is lasers.>? The word laser is the short description of “light
amplification by stimulated emission of radiation”. This word
is a description of each laser tool-specific feature and this
definition is the basis for the future use of lasers in dentistry,
especially in endodontics. Laser has been preferred because
of the following reasons: light hand tool, ease of use,
controllable and well-focused characteristics of the beam,
ease of working comfortably in every corner of the mouth,
ease of sterilization of parts that contact with the patient,
implementation of the system in a cheap and time-
consuming way.>* The common purpose of using different
types of lasers is to provide effective disinfection against
bacteria, viruses, fungi, and spores. In this context, the use of
lasers in the field of endodontics has recently gained
popularity.®> The most used lasers in this field are Er:YAG,
Nd:YAG, Diode, and KTP lasers. Different laser systems, such
as argon lasers, diode lasers, HeNe lasers, Nd:YAG lasers,
Ho:YAG lasers, Er:YAG lasers, and CO; lasers, are confirmed
for use in dental practice. Different laser systems have
different usage areas according to the target tissue and the
qualifications of the laser system.>* Diode lasers are efficient
in endodontic disinfection procedures due to the affinity of
their wavelengths for bacterial cells. Er:YAG and CO: lasers
were found to be the most effective laser systems in the
manner of cavity opening. These laser systems allow for
working with less energy in carious tissue than in solid hard
tooth tissue. Thus, with the power-adjusted laser system, it
is possible to remove only rotten tissue without making any
changes to healthy tissue. On the other hand, KTP
(potassium-titanyl-phosphate) lasers are the most efficient
both for surgical and bleaching procedures.®’” However,
there has not been enough study on the mechanical effects
of these laser systems on root canals. Based on this
shortcoming, our study aims to evaluate and compare the
roughening ability of different laser systems on the middle
and apical tripartite regions of the root canal.

Materials and Methods

Teeth Samples

In the present study, periapical radiographs of 60
extracted teeth in the mesiodistal and buccolingual
directions were taken. The teeth were extracted due to
periodontal disease, orthodontic, or prosthetic treatment
planning. The mandibular premolar human teeth with a
single root and single canal were used. Debris and soft
tissue remnants on the tooth surfaces were removed and
all teeth were stored in 0.1% thymol at 9°C until use.

Root Canal Preparation
The crowns of the teeth were removed with a diamond
fissure bur (Diatech Dental AG, Heerbrugg, Switzerland)
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under water-cooling with a root length of approximately
14-16 mm to standardize the working lengths. Working
length was determined by retracting 1 mm from the
distance at which the #10 K-file was seen from the apical
foramen. The teeth were prepared using the Protaper
Next Nickel-Titanium (Ni-Ti) (PTN, Dentsply Maillefer,
Ballaigues, Switzerland) rotary file system. 2 ml 5.25%
NaOCI (Imicryl Dental, Konya, Turkey) was used at each
file change during root canal preparation, 10 ml 17% EDTA
(Imicryl Dental, Konya, Turkey) was used when
preparation is complete and followed by 10 ml 2.5% of
NaOCl. As final irrigation, the root canals were irrigated
with 10 ml of distilled water and dried with paper points.
All irrigation protocols were performed using with endo
activator to eliminate the whole smear layer.

Experimental Groups

Laser Irradiation

Teeth were randomly divided into 3 main groups with
different laser systems as Er:YAG, Nd:YAG, and KTP lasers.

Nd:YAG and KTP Group: Root canal surfaces were
irradiated using an Nd:YAG (Smarty A10, DEKA M.E.L.A.
SRL, Italy) and a KTP (SmartLite D, DEKA M.E.L.A. SRL, ltaly)
laser systems. The parameters used were 100 mJ, 15 Hz,
and 1.5 W with repeated pulse mode. A 200 um fiber optic
energy delivery system was started with spiral
movements 1 mm above the apex and applied for 10
seconds towards the coronal, and 15 seconds waited after
each irradiation. This procedure was repeated 12 times (A
total time of 5 min.).

Er:YAG Group: ER:YAG (Smarty 2940D, DEKA M.E.L.A.
SRL, Italy) laser systems’ parameters used were 100 mJ, 15
Hz, and 1.5 W. The sapphire endodontic tip was inserted
1 mm short of the apex, the laser was continuously
irradiated from the apical to the coronal ends in slow and
circling movements (approximately 3 mm/s) it is scanned
for 5 min.

Roughness Measurement Procedure

All tooth roots were divided into two parts parallel to
the long axis of the tooth in the buccolingual direction and
embedded in acrylic resin. Surface roughness values
occurring during the middle, and apical 1/3 regions of
each root section were determined with a digital hardness
tester SJ 301 (Mitutoyo, Tokyo, Japan) Ra (arithmetic
mean of roughness -um) before and after preparation.
SEM analyses were performed on root canal surfaces after
laser applications (Figures 1, 2, and 3). In addition, graphs
of the roughening of the root canals after laser
applications were obtained (Figures 4, 5, and 6). The
obtained data were analysed using one-way analysis of
variance (ANOVA) and Tukey post-hoc analysis tests.

Results
The mean values (standard deviation) of all groups

together with their statistical comparisons obtained for
the roughness effect of 3 different laser systems into the
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internal surface of the root canal are presented in Table 1.
According to the measurement results obtained from the
middle and apical 1/3 surfaces; although statistically the
highest roughness values were detected after Nd:YAG
laser (p<0.05), statistically the lowest values were
detected after Er:YAG laser irradiation (p<0.05).

Discussion

Root canal disinfection plays a very critical role in
endodontic treatment. Endodontic disinfection has been
the main subject of many classic studies in dentistry. Thus,
root canal cleaning procedures have been studied by many
researchers up to the present. Residual bacteria is one of
the greatest challenges in endodontic disinfection. It's
known that the complete elimination of bacteria in root
canals is not possible yet it can be decreased to a level that
can lead to the success of endodontic therapy.” Different
root canal disinfection techniques have been used in
endodontic practice.>® Recently, researchers have shown
an increased interest in laser implications in dental practice
as well as endodontic practice.® Therefore, the present
study was designed to determine the effect of the
roughening ability of different laser systems including
Er:-YAG, Nd:YAG, and KTP laser systems on the middle and
apical third of the root dentin by using a scanning electron
microscope (SEM). The present study has shown that
Nd:YAG laser exhibited the highest roughness value on the
root dentin surface and the Er:YAG laser irradiation showed
statistically the lowest roughness value on the root dentin
surface. This finding was also reported by Pirnat et al.8 as
they conducted that Nd:YAG laser cause more reduction to
particular bacteria and provided better disinfection
compared to the diode laser in their study. Another
highlight in increasing the antimicrobial effects of Nd:YAG
lasers in especially deeper layers.° These studies support
evidence from previous observations.”!! The high-value
results can be on account of the intermittently produced
radiation through a pulsed energy input. In Nd:YAG laser
systems, each pulse has a very short and high energy peak,
up to 1000 W, however, the average energy output is much
lower. In addition, the 1064 nm radiation emitted by the
Nd:YAG laser is primarily absorbed by dark pigments. The
use of black dye was therefore used in several studies to
enhance the effect of lasing.’ Sapphire tips were chosen in
the previous study because of their high transmission for
NIR wavelengths.® Romanos et al.'?> have compared the
effectiveness of two laser tips (sapphire chisel and radial
firing period) on temperature change after laser irradiation;
they concluded that sapphire was more advantageous
when compared to the other. It’s also remarkable that laser
systems have photothermal effects as well as
photochemical effects. An important finding about Nd:YAG
lasers are their substantial photothermal properties. Thus,
attention is required when studying with Nd:YAG lasers
because of the possible damage to the dentin surface and
periradicular tissues. Ramskéld et al. conducted that dentin
and water have different heat absorbing and conducting
levels and they noted that water requires nearly four times

more energy than dentin to raise the temperature to the
same degree. In conclusion, thy reported that dry and wet
root canals absorb energy differently.® This is important
according to the disinfection mechanism of Nd:YAG lasers
because heating the microenvironment is the main
approach to removing bacteria in root canals.® This
outcome is contrary to that of Meire et al. who found that
Er:YAG lasers have a better potential in disinfecting the root
canals. They also noted that Nd:YAG lasers have enhanced
penetration ability in dentinal tubules and have a better
potential in reaching these areas in root canals.’ In addition,
irradiance is effective in the antimicrobial property.® To our
knowledge, there are limited studies about laser
roughening effects on root canal dentin to compare with
the present study. Following the present results, previous
studies®® have demonstrated that Nd:YAG lasers induced
the furthest mechanical changes on both dentin and
enamel surface. Nevertheless, they reported that Nd:YAG
laser caused changes in mineral substance on both
surfaces.'® Supporting of present study’ results, Nd:YAG
lasers cause a meaningful roughness on the dentinal
surface.'*

Araki et al.'®> demonstrated the efficacy of Er:YAG laser
irradiation on the microbiological apical biofilm and they
reported that the Er:YAG laser caused a roughening effect
on the dentin surface. Additionally, it was reported in
another study that, there can be a difference in surface
roughness between each laser system due to uncertain
reasons. Furthermore, differences can be an account of the
properties of laser devices and the density of the energy as
well as the differences in evaluation techniques.® Shoji et
al. reported that applying Er:YAG laser on root surfaces
caused open dentinal tubules and this technique provided
cleaner canals compared to the other techniques. They also
reported that the reason for the cleanliness of the root
canals is that the Er:YAG laser is a near-infrared laser that
conduces to photo vaporization property which breaks
down the dental tissue because of its emission.!® In another
study, Er:YAG laser technique was compared to traditional
techniques on root surface roughening and conducted that
the laser technique caused a meaningful roughness without
damaging underlying tissues. This might be because the
laser technique opens dentinal tubules and perform as an
etching agent.'” Also, Armengol et al.*® proved that Er:YAG
laser caused greater changes and roughness on the root
canal dentine surface. As a result of these studies that
supported the present study’s result Er:-YAG laser has a
notable roughening effect on root canals. In addition,
although that laser type may cause less roughening effect
than other tested lasers, it can be preferred during root
canal treatments.

Further optimization of irradiation parameters should
improve the overall success rate of laser-assisted
endodontic treatment. A recent study?®, targeted analysing
the potential photodamage effect on a sub-cellular level,
and aimed at analysing the spot and area temperature rises
with the help of thermal imaging in sound and infected
dentin could help to optimize the already established
procedure.
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In light of the present study, all types of laser systems
provided remarkably applicable effects on root canal inner
dentin walls. Specially, these laser-type roughening
approaches used in the present study may prefer to
increase the adhesion of adhesive cement in prosthodontic
practices and also between dentin wall and canal filling
materials in endodontic treatments. Considering these
advantages, either prosthodontic or endodontic
treatments may become more successful in the long term.
However, SEM observation showed that laser irradiation
produces mechanical modifications or root dentin surface,

Er:-YAG, Nd:YAG, and KTP laser systems. Since this laser
radiation causes mechanical changes on the root dentin
surface, a better disinfection procedure can be obtained.

Conclusion

Within the limitations of the previous study, our
results support the use of laser systems on dentin surface
roughening when carefully used. However, more
extensive clinical studies are needed to determine the
extent of any benefits gained by laser roughening.

which can provide a disinfection effect. Previous research
has shown that human root canal dentin can be altered by

Table 1. Mean (Standard Deviation) together with their statistical comparisons, were obtained from all groups.

Medium Roughness Apical Roughness
Mean (SD) Mean (SD)
0.549 (0.240)A2b 0.214 (0.240)Ade
1.161 (0.374)Bac 0.669 (0.193)8.4f
0.768 (0.147)Cbc 0.415 (0.114)Cef

Groups

Er:YAG laser

Nd:YAG laser

KTP laser
By the two-way ANOVA, F = 44.329; p = 0.000 (p < 0.05).
Capital letters indicate the difference between regions of the root, and lowercase letters the statistical difference between lasers. Value with the
same superscript letter indicates a statistically significantly different at p > 0.05 by Tukey’s Test.

AP,

Ls s

Y,

Detector

Date :20 Fe!

Mag= 5.00 KX
EHT =20.00 kV

Figure 1. SEM micrograph of dentin surface treated with 3.5 W laser in Group Nd:YAG
(original magnification x2.50 k).

Figure 2. SEM micrograph of dentin surface treated with 3.5 W laser in Group Er:YAG
(original magnification x2.50 k).
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Figure 3. SEM micrograph of dentin surface treated with 3.5 W laser in Group KTP
(original magnification x2.50 k).

Figure 6. Root dentin roughening graphic of KTP laser.
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ABSTRACT

Objectives: The drugs commonly used/prescribed by dentists/physicians or consumed by patients may cause
adverse drug reactions (ADRs). Therefore, the possibility of dentists to encounter an ADR during their professional
lives cannot be underestimated and the contribution of dentists to pharmacovigilance systems by notifying
spontaneous ADR reports play an important role in the early detection and prevention of ADRs. This study aimed to
assess the knowledge, attitudes and practices of dentists regarding pharmacovigilance and ADR reporting.
Materials and Methods: A questionnaire with 30 questions evaluating knowledge, attitudes and practices of
pharmacovigilance and ADR reporting among general dentists (GDs) and specialist dentists (SDs) was distributed
electronically in northwestern region of Turkey. Data were statistically analyzed (p < 0.05).

Results: Most of the participants were able to define the terms of pharmacovigilance (64.7%), ADR (74.9%) and side-
effect (58.1%). SDs were significantly more aware of ADRs related to the drugs used/prescribed by
dentists/physicians and other drugs consumed by patients than GDs. Additionally, awareness of ADRs regarding
these drugs was significantly higher among participants with <12 years of experience (p<0.05). Only 2.8% of
participants (4 GDs, 6 SDs) reported an ADR in their professional lives. However, 52.5% of participants had
encountered an oral mucosal ADR during their professional lives, which was statistically higher in the group of SDs
and participants with >12 years of experience (p<0.05).

Conclusions: The role of dentists in the diagnosis and reporting of ADRs should not be underestimated since they
are an integral part of the healthcare system. The contribution of both GDs and SDs to the ADR reporting system
needs to be improved in Turkey. Additionally, ADR reporting should be integrated into daily practices of dentists.

Keywords: Adverse Drug Reaction; Dentists; Pharmacovigilance.
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Amag: Dis hekimleri/doktorlar tarafindan kullanilan/recete edilen ya da hastalarin aldigi ilaglar, advers ilag
reaksiyonlarina (AIR) yol acabilmektedirler. Bu yiizden, dis hekimlerinin profesyonel hayatlari boyunca AiR ile
karsilasma olasiliklari goz ardi edilemez ve dis hekimlerinin AIR raporlarini spontan bildirimleri ile farmakovijilans
sistemlerine katkilari, AIR’nin erken tespiti ve énlenmesinde énemli rol oynamaktadir. Bu ¢alisma, dis hekimlerinin
farmakovijilans ve AiR raporlamasi hakkinda bilgi, tutum ve uygulamalarinin degerlendirilmesini amaglamaktadir.
Gereg ve Yontemler: Turkiye'nin kuzeybati bolgesinde genel dis hekimleri (GDH) ve uzman dis hekimleri (UDH)
arasinda, farmakovijilans ve AIR raporlamasi hakkinda bilgi, tutum ve uygulamalarini degerlendiren 30 soruluk bir
anket, elektronik olarak dagitilmistir. Elde edilen veriler istatistiksel olarak analiz edilmistir (p<0,05).

Bulgular: Katihmcilarin biiyiik gogunlugu, farmakovijilans (%64,7), AR (%74,9) ve yan etki (%58,1) terimlerini
tanimlayabilmistir. UDH'ler, dis hekimleri/doktorlar tarafindan kullanilan/recete edilen ilaglar ya da hastalarin aldig
diger ilaglarla ilgili AiR’lerin, GDH’lere gére énemli 6lciide daha fazla farkindaydi. Ayrica, bu ilaglarla ilgili AR
farkindaligi, <12 yillik deneyime sahip katilimcilar arasinda anlamli olarak daha yuksekti (p<0,05). Katilimcilarin
yalnizca %2,8'i (4 GDH, 6 UDH) profesyonel hayatlarinda bir AR bildirmistir. Ancak, katiimcilarin %52,5’i profesyonel
hayatlarinda oral mukozal AiR ile karsilagmiglardir; bu oran UDH grubunda ve >12 yillik deneyime sahip katilimcilarda
istatistiksel olarak daha yuksekti (p<0,05).

Sonuglar: AiR'lerin teshisinde ve raporlanmasinda dis hekimlerinin rolii, saglik sisteminin ayrilmaz bir parcasi
olduklart icin kiigimsenmemelidir. Tiirkiye'de hem GDH'lerin hem de UDH'lerin AiR raporlama sistemine katkilarinin
iyilestirilmesi gerekmektedir. Ek olarak, AR raporlamasi dis hekimlerinin giinliik pratiklerine entegre edilmelidir.

Anahtar Kelimeler: Advers llag Reaksiyonu; Dis Hekimleri; Farmakovijilans.
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Introduction

The worldwide increase in drug consumption, including
in Turkey, the use of over-the-counter drugs and/or herbal
remedies in addition to prescribed drugs, and
polypharmacy, especially among elderly patients, require
dentists to be careful about potential adverse drug
reactions (ADRs).! These reactions may develop due to the
drugs commonly used/prescribed by dentists/physicians or
consumed by patients.”? The frequency of many drug-
related oral reactions is not known precisely because of
their subclinical course.* However, more than 200 drugs
have been demonstrated to be involved in ADRs in oral
tissues.! Furthermore, antibiotics and analgesics, which are
prescribed routinely by dentists, are among the major
causes of ADRs.”> Despite the high possibility of
encountering an ADR during routine dental practice,
dentists’ contributions to ADR reporting are reported to be
less than 1%.°

The knowledge, attitudes and practices (KAP) of health
care professionals (HPs) regarding ADRs and their
contribution to pharmacovigilance (PV) systems by
providing spontaneous ADR reports to competent
authorities play an important role in the early detection and
prevention of ADRs.”®

Limited contributions of HPs to PV activities in Turkey
were reported due to their scarce PV knowledge, similar to
the findings of studies in other countries. Most of these
studies have been predominantly focused on the KAP of
physicians, nurses and pharmacists.”***> The possibility of
both oral mucosal ADRs due to various drugs and ADRs due
to used/prescribed drugs by dentists cannot be
underestimated, and it is of the utmost importance to
create awareness among dentists about the progression of
PV in Turkey. Therefore, this study aimed to assess the KAP
of dentists regarding PV and ADR reporting and its
association with the demographic characteristics of
dentists (sex, profession, and professional experience).

Materials and Methods

The protocol of this study was approved by the Ethics
Committee of Istanbul Aydin University (Protocol no:
B.30.2.AYD.0.00.00-050.06.04/455). Between March 2021-
September 2021, this cross-sectional study was conducted
to evaluate the KAP regarding PV and ADR reporting among
general dentists (GDs) and specialist dentists (SDs) working
in the northwestern region of Turkey. The questionnaire
was designed with the guidance of regulatory instructions
and informative documents published on the website of the
Turkish Pharmacovigilance Center (TUFAM) and previous
reports.3*1617-19 The questionnaire consisted of 30 closed-
ended multiple-choice questions (in some questions,
multiple responses were allowed) and was subdivided into
four sections:

1. Demographic characteristics of the participants (5
questions)
2. Assessment of the participants’ knowledge about PV,

ADRs and ADR reporting (8 questions)

70

3. Assessment of the participants’ attitudes regarding

ADRs and ADR reporting (5 questions)

4. Assessment of the participants’ practices regarding

ADRs and ADR reporting (12 questions)

The questionnaire was distributed to dentists
electronically via the Istanbul Chamber of Dentists. The
webpage opened with information outlining the aims of
this study and an informed consent form. Only after
approval of the form to voluntarily answer the questions
was the participant directed to the question page. A total of
360 questionnaires were available for analysis.

The data were analyzed using the Statistical Package for
the Social Sciences (SPSS, version 15.0; Armonk, NY: IBM
Corp.) according to descriptive statistics. A chi-square test
was performed to verify the differences between the
groups. The level of significance was set to p<0.05.

Results

A total of 170 GDs and 190 SDs aged between 23-72
years (37.0+9.8) participated in this study. The participants
were divided into two groups of <12 years and >12 years,
considering the median years of professional experience
(Table 1).

Knowledge about PV, ADRs and ADR reporting

Most of the dentists (71.4%) correctly defined ADR.
Female participants (74.9%) seemed to be more
knowledgeable about ADR than males (65.1%) (p=0.049).
More than half of the dentists had knowledge of the terms
“PV” and “side effect” (64.7% and 58.1%, respectively).
There was no statistically significant difference between
GDs and SDs regarding the previously mentioned terms
(p>0.05). Dentists with <12 years of experience had
significantly more knowledge about side effect (p=0.002).

Only 13.9% of the dentists know the time period to
report ADRs after encountering them. The participants’
responses were statistically nonsignificant regarding sex,
profession, and professional experience (p>0.05).

Female dentists seemed to have greater knowledge
about how to complete the ADR reporting forms than males
(p<0.05). Compared to GDs, SDs indicated writing identity
of the patient and the reporter in the form significantly
more often (p<0.05).

The most well-known drugs commonly used/prescribed
in dentistry that cause ADRs are listed in Table 2. Only 8.1%
of the dentists did not know any of these drugs, which was
statistically lower in the group of SDs (p=0.04). Awareness
of ADRs regarding these drugs was significantly higher
among participants with <12 years of experience than
among participants with >12 years of experience (p<0.05).
Moreover, the participants were asked “Which drugs cause
an oral mucosal ADR?”. GDs had significantly poorer
knowledge about these drugs than SDs, which was also
significant in the group of participants with > 12 years of
experience compared to participants with <12 years of
experience (p<0.05) (Table 3).
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Table 1: The demographic characteristics of the dentists who participated in the study

n %
Female 231 64.2
Gender
Male 129 35.8
. . <12 199 55.3
Professional experience (years)

>12 161 44,7

GDs 170 47.2

Maxillofacial Radiologist 15 4.2

Maxillofacial Surgeon 24 6.7

Endodontist 18 5.0

X Orthodontist 28 7.8

Profession .

SDs Pedodontist 25 6.9

Periodontist 25 6.9

Prosthodontist 37 10.3

Restorative Dentistry 18 5.0

Total 190 52.8

Faculty 125 34.7

L. Private practice 34 9.4

Institution .
State hospital 82 22.8
Polyclinic/Private Hospital 119 331
GD, General dentist; SD, Specialist dentist.
Table 2: The distribution of the commonly used/prescribed drugs in dentistry that cause ADRs
. ] o/ Gender Profession Professional experience
omnfon y_ rugs t.xse * Female Male GDs SDs <12years >12years
prescribed in dentistry p p
n % n % n % n % n % n %

Local anesthetics 196 84.8 102 79.1 0.164 134 78.8 164 86.3 0.060 163 819 135 83.9 0.628
Analgesics 168 72.7 97 75.2 0.611 119 70.0 146 76.8 0.141 149 749 116 72.0 0.545
Antibiotics 202 87.4 115 89.1 0.633 148 87.1 169 889 0.581 173 86.9 144 89.4 0.466
Antifungals 119 515 60 46.5 0363 64 37.6 115 60.5 <0.001 115 57.8 64 39.8 0.001

Antiinflammatory mouthwashes 128 55.4 68 52.7 0.622 80 47.1 116 61.1 0.008 118 59.3 78 434 0.040
Sedatives/general anesthetics 164 71.0 74 57.4 0.009 94 553 144 758 <0.001 145 729 93 57.8 0.003

Do not know 18 78 11 85 0806 19 112 10 53 0.040 17 85 12 7.5 0.706
Chi-squared test; p<0.05
*More than one option could be selected
ADR, Adverse drug reaction; GD, General dentist; SD, Specialist dentist.

Table 3: The distribution of the commonly known drugs which are responsible for oral mucosal ADRs

Gender Profession Professional experience
The drugs causing oral mucosal ADRs*  Female Male GDs SDs <12 years >12years
n % n % g n % n % g n % n %
Local anesthetics 134 58.0 75 58.1 0981 93 54.7 116 61.1 0.223 130 653 79 49.1 0.002
Antiinflammatory analgesics 84 364 49 38.0 0.760 56 329 77 40.5 0.137 77 387 56 34.8 0.445
Antiinflammatory mouthwashes 124 53.7 69 53.5 0972 80 47.1 113 59.5 0.018 113 56.8 80 49.7 0.180
Antibiotics 148 64.1 91 70.5 0.212 112 659 127 66.8 0.847 137 68.8 102 63.4 0.273
Antifungals 99 429 67 519 0.097 66 388 100 52.6 0.009 100 50.3 66 41.0 0.080
Antidepressants 101 43.7 59 45.7 0.712 69 406 91 479 0.164 93 46.7 67 41.6 0.331
Antihypertensives 121 52.4 61 473 0.354 76 44.7 106 55.8 0.036 111 55.8 71 44.1 0.028
Anticonvulsants 111 48.1 58 45.0 0.573 64 37.6 105 55.3 0.001 108 543 61 37.9 0.002
Immunosuppressive drugs 142 615 84 65.1 0.493 99 58.2 127 66.8 0.092 132 66.3 94 58.4 0.121
Corticosteroids 119 515 67 519 1.000 88 51.8 98 51.6 0972 115 57.8 71 44.1 0.010
Bisphosphonates/ Antiresorptives 137 59.3 86 66.7 0.168 99 58.2 124 65.3 0.170 131 65.8 92 57.1 0.091
Antiangiogenic drugs 59 255 34 264 0.865 28 16.5 65 34.2 <0.001 65 32.7 28 17.4 0.001
Herbal drugs 57 247 36 279 0502 30 17.6 63 332 0.001 55 27.6 38 23.6 0.384
Do not know 29 126 11 85 0.244 22 129 18 95 029% 25 126 15 93 0.330

Chi-squared test; p<0.05.
*More than one option could be selected.
ADR, Adverse drug reaction; GD, General dentist; SD, Specialist dentist.
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Table 4: The distribution of discouraging reasons for reporting ADRs

Gender Profession Professional experience
Reasons* Female Male GDs SDs <12years >12years
n % n % % n % P n % n %
Lack of time to report 10 43 5 39 0837 10 5.9 5 26 0123 6 3.0 9 56 0.224
Notknowinghowand ., 5., ;¢ 154 0024 37 218 30 158 0146 30 151 37 230 0.055
where to report
Notbeing sure whetheritis ,, o, o ;4 0574 17 100 12 63 0200 11 55 18 112 0.050
an ADR or not
No need to report it since it
. 27 117 14 109 0811 19 112 22 116 0904 18 90 23 143 0.120
isa common ADR
The idea of one single ADR
report could not make a 15 6.5 7 54 068 11 65 11 58 0788 12 60 10 6.2 0.943
difference
Not having the knowledge
or courage to discuss ADRs 6 2.6 5 39 0.532 53 2 1.1 0.020 6 3.0 5 3.1 1.000
with my colleagues
Concerns about the
negativeimpactonmy — ; ;3 1 g8 1000 18 5 26 0347 2 10 2 12 1.000
professional life or the
pharmaceutical company
Legal liability issues 4 1.7 3 23 0.705 24 30 158 0.711 4 2.0 3 1.9 1.000

Chi-squared test; p<0.05.
*More than one option could be selected.
ADR, Adverse drug reaction; GD, General dentist; SD, Specialist dentist.

Attitudes regarding ADRs and ADR reporting

The majority of the dentists (75%) accepted that
spontaneous reporting of ADRs was necessary, which was
significantly higher among participants with <12 years of
experience (p<0.013). The reasons of the participants who
stated that this was not necessary or were unsure about it
are listed in Table 4.

Of the dentists, 59.7% stated that all suspected
reactions should be reported. The other responses
regarded ADRs associated with newly marketed drugs
(49.2%), unexpected ADRs (43.9%), serious ADRs (43.1%)
and well-defined ADRs (41.4%). The participants’ responses
were statistically nonsignificant regarding sex, profession
and professional experience (p>0.05).

Most of the dentists preferred to consult with a
physician (68.9%) and to discontinue the suspected drug
(62.5%) in the suspicion of an oral mucosal ADR. The
number of dentists who opted to inform the authorities
was significantly higher in the group of male dentists and
participants with <12 years of experience (p<0.05). GDs
tended to hospitalize patients more frequently than SDs
(p=0.034). Younger dentists opted to reduce the dose of the
suspected drug, whereas older dentists opted to
discontinue the suspected drug (p<0.05) (Table 5).

Among the dentists, only 5% approved the spontaneous
reporting of ADRs and 86.4% thought that ADR reporting
was a professional responsibility, followed by a professional
obligation (37.2%) and voluntary action (13.9%). The
participants’ responses were statistically nonsignificant
regarding sex, profession, and professional experience
(p>0.05).

Practices regarding ADRs and ADR reporting

Only 2.8% of dentists (4 GDs, 6 SDs) had reported an
ADR in their professional lives. The majority of the reports
were made to the pharmacovigilance contact person (PCP)
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of their institutions (50%), followed by the pharmacy (20%),
Turkish Medicines and Medical Devices Agency (10%),
TUFAM (10%) and the pharmaceutical company (10%).

Of the dentists, 52.5% had encountered an oral mucosal
ADR during their professional lives, which was statistically
higher in the group of SDs and participants with >12 years
of experience (p<0.05). The frequencies of ADRs were
“once or twice during their professional lives” (36.5%),
“once a year” (29.1%), “once to ten times a year” (29.6%)
and “more than ten times a year” (4.8%). Among the
participants, 34.7% had never diagnosed an oral mucosal
ADR, whereas 12.8% were unsure about this.

Gingival overgrowth (63.6%) was the most frequently
diagnosed oral mucosal ADR. Male dentists seemed to
diagnose oral mucosal ADRs more often than females
(p<0.05). Dentists with >12 years of experience detected
significantly more ADRs in the oral mucosa (p<0.05) (Table 6).

The dentists were asked whether they asked about the
patient’s ADR history during anamnesis or before
prescribing a drug. Compared to GDs, SDs were significantly
more likely to ask about and record all the drugs, including
herbal drugs (78.2% and 92.6%, respectively) and the
patient’'s ADR history (64.1% and 73.2%, respectively)
(p<0.05). Additionally, female dentists had a relatively
higher rate of recording the patient’s ADR history than
males (90.5% and 81.4%, respectively) (p=0.002). The
majority of the dentists prescribed any drug by taking into
consideration the patient’'s ADR history (82.8%) or the
possibility of ADRs, especially for elderly patients or
patients with polypharmacy (82.5%). The participants’
responses were statistically nonsignificant regarding
professional experience (p>0.05).

Among the dentists, 50.3% had received training
regarding ADRs during their education or professional lives,
which was statistically higher among participants with <12
years of experience (p=0.002). Training regarding ADRs
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occurred mostly in undergraduate education (79.5%),
followed by postgraduate education (8.1%),
conferences/continuing education courses with credits
(7.6%), congresses (2.7%) and specialization exam prep
courses (2.2%). Older dentists learned about ADRs mostly
in postgraduate education (p=0.001).

Discussion

This study’s main findings revealed that the knowledge
and perspectives of both GDs and SDs regarding PV and
ADR reporting are unsatisfactory. Previous studies
highlighted the poor knowledge of PV and ADRs among
HPs.7810-1416-1820-22 | 5 study of dental research assistants
in Turkey, the majority of the participants were unable to
define PV (60%) and ADR (80%).2 However, in this study, the
majority of the participants were able to define these terms
(64.7%; 71.4%). This difference may be due to the type of
questions used in the studies.® Nevertheless, 17.5% of the
participants mixed the terms “ADR” and “side effect” in this
study, which was similar to a recent study among HPs that
included dentists (22.7%).*

Recent Turkish studies demonstrated that most dentists
had never seen or experienced any ADR before.®?! In
contrast to these studies, the rate of dentists who had
never diagnosed an ADR was low (34.7%) in this study,
which was similar to that in Khan et al.’s” study (34.4%).
Furthermore, 52.5% of the dentists, most of whom were
SDs and participants with >12 years of experience, had
encountered an oral mucosal ADR during their professional
lives in this study. Unfortunately, the reporting rate in this
study was too low (2.8%) compared to that in the
aforementioned study (13.7%).Y” This poor reporting level
was similar to that in previous studies.'®?%?? Torwane et
al.*® noted a large gap between ADRs experienced (52.29%)
and ADRs reported (6.12%) by HPs, especially among
dentists, which was confirmed by the present study (52.5%
and 2.8%, respectively). Additionally, the frequencies of
ADRs experienced in a year in this study were remarkable
at 29.1% for once a year and 34.4% for more than once a
year. These findings are a matter of great concern for
dentists and indicate the need for immediate attention to
improve the contribution of dentists to ADR identification
and reporting.

The findings of this study showed that the rate of
dentists who experienced oral mucosal ADRs in clinical
practice cannot be underestimated. The top five oral
mucosal ADRs diagnosed by dentists in this study were
gingival overgrowth (63.6%), discoloration of teeth (46.7%),
xerostomia (40.8%), oral candidosis (30.3%), taste
alterations (28.9%) and oral mucosal pigmentation (28.1%).

The TUFAM is the main contact point for the
spontaneous reporting of ADRs by HPs in Turkey. However,
dentists working in the hospital can also forward ADR
reports to the TUFAM through the PCP. Only one SD
reported ADR to the TUFAM in this study. The PCP of the
institution was the most frequently preferred contact by
dentists to report ADRs likewise in a previous Turkish study
of physicians/nurses, in which only 30% of the participants

were aware of the TUFAM.® These findings showed the
lack of knowledge of dentists on ADR reporting to the
TUFAM as well as that of physicians and nurses in
Turkey.>1® Moreover, it is recommended to report an ADR
within 15 days after encountering it, which was known only
by 13.9% of the dentists in this study.

The TUFAM manages the monitoring and assessment of
national ADR reports via an online notification form. First,
the identity of the patient and the reporter must be
determined in the form for validation of the report. Almost
half of the dentists were not willing to provide the identity
of the reporter, which was significantly lower among SDs in
this study. However, the majority of the dentists were well
informed about how to fill out this form.

According to current regulations, all HPs must be
actively involved in PV activities within the context of their
practices as a professional responsibility. Most of the
dentists (86.4%) in this study agreed that reporting ADRs is
a professional responsibility rather than a professional
obligation (37.2%), which was similar to the findings of a
recent study among dentists (89%).%° Furthermore, only 5%
of dentists participated in spontaneous reporting, although
being the cornerstone of PV.%

Since underreporting is a global problem, the reasons
dentists do not report ADRs are multifactorial and are also
similar to those in other studies in the literature 5161923
Identifying these factors will help authorities develop a
specific strategy targeted at the main problem since
attitudes are potentially modifiable variables.?* Every ADR
submitted to the system will help to improve patient safety
and spontaneous reporting of ADRs. Furthermore,
concerns about not having the knowledge or courage to
discuss ADRs with their colleagues, which was significantly
higher among GDs, and difficulty in deciding whether it’s an
ADR or not indicate a lack of training among dentists in
identifying ADRs.

Regarding the responses about which ADRs should be
reported, dentists were unaware of the risk of ADRs and the
importance of their contribution to the detection of these
risks. Indeed, the diagnosis and identification of
osteochemonecrosis of jaw due to the ADRs of
bisphosphonates through ADR reporting during the
postmarketing phase of these drugs have been an
important contribution of dentists that influenced the
dental and medical management of the patients currently
treated with these drugs.?®

During their routine practice, it is the responsibility of
dentists to thoroughly check and record the general health
and medication history of patients and to update the
history at every visit.® In a recent study, 60% of dental
research assistants stated that they asked about the
patient’s drug history when interacting with a patient for
the first time.® Similarly, the majority of the participants in
this study indicated that they asked about and recorded all
the drugs, including herbal drugs, and the patient’s ADR
history. Moreover, they were cautious about prescribing a
drug to elderly patients and patients with polypharmacy or
with an ADR history.
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Table 5: The attitudes of the dentists in the suspicion of an oral mucosal ADR

Gender Profession Professional experience

Attitudes of the dentists* Female Male GDs SDs <12 years >12years

n % n % n % n % 5 n % n %
T°f°"°wd‘;'i’ntgh:n';i:fn':w'th°“t 17 74 8 62 0679 11 65 14 74 0738 11 55 14 87 0.240
T°f:::‘(’;’°‘;z:';‘i::2§:;:;t:;'c'leri:c'"g 49 212 19 147 0132 30 17.6 38 20.0 0569 47 236 21 13.0 0.011
T°d'sc°"t::;?st:;:';|‘;eded drug 135 597 87 674 0148 104 612 121 637 0.624 113 56.8 112 69.6 0.013
To give an alternative drug 87 37.7 47 364 0817 63 371 71 37.4 0952 80 402 54 335 0.194
To hospitalize the patient 46 199 24 186 0764 41 241 29 153 0.034 44 221 26 16.1 0.155
To consult with a physician 167 723 81 62.8 0.062 108 63.5 140 73.7 0.038 144 72.4 104 64.6 0.114
To inform the authorities 43 186 45 349 0.001 45 265 43 22.6 0397 58 29.1 30 186 0.021
Do not know 11 48 8 62 0558 14 82 5 26 0018 11 55 8 50 0814

Chi-squared test; p<0.05.
*More than one option could be selected.
ADR, Adverse drug reaction; GD, General dentist; SD, Specialist dentist.

Table 6: The distribution of commonly diagnosed ADRs in the oral mucosa, Chi-squared test; p<0.05.

Gender Profession Professional experience
Oral mucosal ADRs* Female Male GDs SDs <12 years >12years
n % n % n % n % 2 n % n %

Gingival overgrowth 149 645 80 62.0 0.638 100 58.8 129 679 0.074 127 63.8 102 63.4 0.927
Discoloration of teeth 105 455 63 48.8 0537 84 49.4 84 442 0323 100 50.3 68 42.2 0.130
Xerestomia 99 429 48 37.2 029 56 329 91 479 0.004 83 44.2 59 36.6 0.146
Oral candidosis 67 29.0 42 32.6 0482 45 265 64 337 0137 55 27.6 54 335 0.226
Taste alterations 59 255 45 349 0061 50 294 54 284 0.836 51 256 53 329 0.129
Oral mucosal pigmentation 59 255 42 326 0.155 44 259 57 30.0 038 61 30.7 40 24.8 0.223
Burning mouth syndrome 53 229 39 30.2 0.128 43 253 49 258 0914 39 196 53 329 0.004
Oral ulcer 39 169 42 326 0.001 45 265 36 189 0.088 42 21.1 39 242 0481
Mukositis 44 19.0 30 233 0343 33 194 41 216 0611 33 16.6 41 255 0.038
Bruxism 42 182 21 163 0649 28 165 35 184 0.627 42 211 21 13.0 0.045
Hairy tongue 36 15.6 21 163 0863 25 147 32 168 0.579 31 156 26 16.1 0.883
Lichenoid reaction 32 139 19 147 0819 18 106 33 174 0.066 26 13.1 25 15.5 0.505
Chelitis 29 12.6 18 14.0 0.706 18 106 29 153 0.189 19 95 28 17.4 0.028
Hypersalivation 28 121 17 132 0.771 21 124 24 12,6 0.936 27 13.6 18 11.2 0.496
Paresthesia 20 87 15 116 0362 20 118 15 79 0216 15 7.5 20 124 0.120
Orofacial pain 17 74 13 101 0371 16 94 14 74 048 16 80 14 8.7 0.823
Bullous reactions 11 48 18 140 0.002 14 82 15 7.9 0906 10 50 19 11.8 0.019
Angioedema 16 69 12 93 0420 15 88 13 6.8 0483 14 7.0 14 8.7 0.559
Pain/swelling in the salivary gland 13 5.6 14 109 0071 14 82 13 68 0616 14 7.0 13 8.1 0.710
Lupus like reactions 6 69 10 78 0772 11 65 15 79 0.602 11 55 15 93 0.167
Erythema multiforme 39 14 109 0010 5 29 18 95 0011 7 35 16 9.9 0.013
Pemfigoid-like reactions 6 26 10 7.8 0.023 35 10 53 0426 8 40 8 5.0 0.664
Do not know 23 100 22 17.1 0.051 29 171 16 84 0.013 25 126 20 124 0.968

*More than one option could be selected.
ADR, Adverse drug reaction; GD, General dentist; SD, Specialist dentist.

Dentists may be the first to observe an ADR to a drug
prescribed elsewhere, although ADRs in dental practice are
less frequently observed than in medical practice.?®
Therefore, dentists should be familiar with the drugs that
cause oral mucosal ADRs. Unfortunately, poor knowledge
about these drugs was significantly higher in the group of
GDs and participants with >12 years of experience in this
study. Furthermore, SDs and participants with <12 years of
experience were more aware of ADRs due to antifungals,
anti-inflammatory mouthwashes and sedatives/general
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anesthetics. These findings could be explained by the fact
that SDs prescribe a wide spectrum of drugs and manage the
treatment of medically compromised patients more
frequently, in addition to having more advanced educational
levels and being more eager to update their knowledge
about drugs compared to GDs. Moreover, the greater
knowledge of dentists with <12 years of experience may be
an outcome of the improvements in PV activities in Turkey
with the publication of subsequent regulations in 2014 after
the establishment of ADR reporting system in 2005.°
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In the suspicion of an oral mucosal ADR, the primary
attitudes of participants were to consult with a physician
and to discontinue the suspected drug. Regarding all the
selected options, the findings of this study suggest that
most dentists lack the experience to manage oral mucosal
ADRs properly. Dentists should manage minor suspected
ADRs. However, if a serious/severe ADR occurs, the patient
should be immediately referred to the hospital. GDs
seemed to have a greater tendency to hospitalize
patients.?” Additionally, the willingness of dentists to inform
authorities was also found to be quite low (24.4%) in this
study.

Since 2013, the Higher Education Council has included
PV training in the curricula of HP schools.” This may explain
the higher rate of participants with <12 years of experience

who received training about ADRs during their
undergraduate education.
Educational interventions and other activities to

promote ADR reporting have been shown to increase
awareness of ADRs, thus increase the ADR reporting
rates.?®?° Unfortunately, the low ADR reporting rate among
dentists (2.8%) was not compatible with receiving training
about ADRs (50.3%) in this study. This finding indicates that
the inclusion of PV and ADR reporting trainings in
conferences/continuing education course programs in
addition to education curricula is highly needed for dentists.

We believe that the findings of this study will help to
guide authorities in defining the training needs and practice
points of dentists regarding PV and ADR reporting. The
practice points must include the diagnosis and treatment
steps of ADRs and ADR reporting as well as rational drug use
and accurate prescribing activities. Implementation of
these training programs at both the undergraduate and
postgraduate levels of dentistry would help to improve the
dentists’ skills in diagnosing and managing ADRs.
Additionally, these activities should be mandatory for all
dentists in Turkey. Furthermore, integrating the ADR
reporting system into the electronic prescribing system or
developing a mobile application for ADR reporting to
facilitate the reporting process, providing feedback by the
TUFAM to ADR reporters will help to improve reporting
rates.3°

The most important limitation of this study was its
sample size. Future studies with a greater number of
participants, including both GDs and SDs, can represent the
exact KAP of dentists in Turkey. However, this was a
multicentric study among dentists working in different
institutions, and Istanbul is the largest metropolis in Turkey.
Therefore, our study population represented a small
sample of Turkey. Another limitation was the electronic
distribution of the questionnaire, which may have caused
selection bias. Additionally, some of the dentists might have
been discouraged from participating because of the length
of the questionnaire.

Conclusions

The role of dentists in the diagnosis and reporting of
ADRs should not be underestimated since they are an

integral part of the health care system. The contribution of
both GDs and SDs to the ADR reporting system needs to be
improved in Turkey and worldwide. Future attempts should
be made to increase awareness about PV and ADRs among
dentists and to improve the skills of dentists in the diagnosis
and reporting of ADRs. Additionally, ADR reporting should
be integrated into the daily practice of dentists.
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Review ABSTRACT

Today, the use of micro-computed tomography is becoming widespread in almost every field of dental research.

History

When the national review articles on micro-computed tomography are examined, it is seen that the focus is on
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deepen the specific usage areas of micro-computed tomography applications and to review the studies done in
this area, provides information about the use of micro-computed tomography method in prosthetic dentistry.

Micro-computed tomography is a powerful in vitro research method. Micro-computed tomography was used;
marginal and internal compatibility of restorations, cement spacing of restorations, adaptation of denture bases,
accuracy of prosthetic measurements, effects of occlusal irregularities, volumetric changes in teeth due to dental
post application, biomechanical evaluation of implant-abutment connection, and compatibility of maxillofacial
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Introduction

Since the discovery of X-ray by Rontgen in 1895,
technology has revolutionized diagnostic medicine,
making it feasible to examine the internal structure of the
body in a non-invasive way.! This method provided a
breakthrough in diagnosis and treatment in the field of
medicine and pioneered other methods. Computed
tomography (CT) is the product of combining X-ray with
computer technology. Imaging with CT was first
developed in the early 1970s. The microtomography
system was first developed by Jim Elliott in 1980, and a
small tropical snake was investigated with 50 pm
resolution for the first time.2

The X-ray passes through the object being examined
and the images obtained are two-dimensional (2D). When
the object is exposed to x-rays from different angles,
images can be converted into three-dimensional (3D)
images using computer algorithms. Some frames are
reached when the images on CT devices are enlarged.
These frames are made up of voxels and pixels, which in
turn make up the image. A pixel defines a point in 2D. The
voxel, on the other hand, is a unit volume and adds a third
dimension to the digital image element, the pixel.? The
volume elements (voxels) used in clinical CT pictures are
typically 1 mm? in volume, however X-ray micro-CT
systems provide far superior spatial resolution and
generate voxels that are 1,000,000 times smaller in
volume than CT voxels.*> The large number of sections

taken from the sample increases the image resolution
achieved by obtaining more detailed information from the
sample.? Micro-CT devices are similar in structure to CT
devices. However, there are two main differences
between micro-CT devices and CT devices. First, in CTs,
the X-ray source and detector rotate around the patient,
which causes mechanical vibration. However, in micro-CT,
the x-ray source and detector are generally stationary,
while the small object is rotated around its axis. Thus,
vibration decreases and resolution increases. The second
difference is in CTs the X-ray source size is 1 mm but in
micro-CT the size is 5-50 um. The smaller the source
increases the projection depth. Images can be evaluated
qualitatively and quantitatively.

In many views, images are rebuilt to create 3D spatial
distribution maps of attenuated materials or material
density within tissues like teeth.® By comparison,
conventional radiography was restricted to providing 2D
images representing the amount of material attenuation
along the X-ray track. The process of creating 3D images
that show the examined structures in more detail by using
various computer programs from microtomographic data is
'3D reconstruction', which is expressed as reconstruction.
High-resolution detectors and a microfocal X-ray source
(90-150 kVA) are used in micro-CT systems to recreate the
materials' 3D surfaces. Allows rotated projections along
multiple viewing directions. The images symbolize spatial
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distribution maps of linear attenuation parameter specified
by the atomic composition of the sample and the energy of
the X-ray source. Since the imaging technique does not
devastate the samples, both internal and external features
of the same sample can be inspected more than once.

Micro-CT can be used to directly investigate a wide
range of samples, including materials like ceramics,
polymers, biomaterial infrastructures, and mineralized
tissues like teeth and bones. Soft tissues, such as the lungs,
that have been infiltrated or perfused with a contrast agent
that has a higher density than the surrounding tissues can
also be examined using micro-CT imaging. The latest
generation of micro-CT systems enables in vivo imaging of
small live animals.®® The micro-CT device, which also finds
use in dentistry, has taken its place in the majority of dental
research. This article's goal is to review the use of micro-CT
in research on prosthetic dentistry.

1. Micro-CT Usage Areas in Prosthetic Dentistry

1.1. Evaluation of marginal and internal fit of

restorations

The long-term clinical success of fixed partial dentures
is also evaluated by the compatibility of the restoration
with the supporting structures. Marginal discrepancy lead
to microorganism accumulation and soft tissue
proliferation'®;  these cause biological problems
(inflammation, etc.). Biological problems are more common
than mechanical problems among the reasons for the
replacement of prosthetic restorations.’* Marginal
discrepancy lead to plaque accumulation, increasing the
risk of caries in the abutment teeth.!? Deficiencies in the
marginal fit of the crown (>120 pm)** will result in
microleakage and rapid dissolution of the cement. As a
result, biological complications such as pulpitis, secondary
caries and periodontal problems will occur in the future.
Marginal and internal fit is assessed with the following
techniques. It is possible to perform examination using the
silicone replica technique, clinical examination with the
probe, which is a qualitative evaluation, examination with
bite-wing x-rays, 2D examination with stereomicroscope
and micro-CT. With the micro-CT method, it is possible to
make measurements that can be repeated from many
points without damaging the restoration, abutment tooth
or cast model.’ There are studies assessing the marginal
and internal fit of different production techniques, different
step types, different preparation techniques, various
prosthetic materials and designs with micro-CT.

In a study in which marginal fit of various In-Ceram
alumina ceramic cores produced with four different
techniques (Wol-Ceram, Slip cast, Celay) were evaluated,
micro-CT was preferred as examination method, marginal
space and marginal discrepancy were tested mesiodistally
and buccolingually with micro scale.*® Unlike production
techniques influenced the marginal fit of full-ceramic
restorations. The slip-cast method and the Wol-Ceram
system showed the greatest marginal fit, pursued by the
Cerec inLab with clinically satisfactory results.

Borba et al. 1 used a novel approach based on micro-CT
technology to assess the marginal and internal fit of
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zirconia-based all-ceramic three-unit fixed partial dentures
(Y-TZP - LAVA). Five measurement points were selected for
micro-CT scans: marginal gap; chamfer step area; axial wall;
axio-occlusal transition area; occlusal area. Significant
differences in gap width were observed between the
evaluated measurement points. The marginal gap exhibited
the smallest gap size. The occlusal area had the largest gap
size, pursued by the axio-occlusal transition area point.
Chamfer step area and axial wall gap size values were found
to be statistically comparable. It was therefore able to draw
the conclusion that varying degrees of adaptation were
seen in fixed partial dentures at various measurement
points.

Demir et al.'’ preferred micro-CT as the examination
method before and after cementation in a study where
they evaluated the marginal gap and marginal mismatch of
all-ceramic crowns with chamfer and shoulder finish line
styles. Samples are sectioned into two groups according to
the finish line design: shoulder and chamfer. All-ceramic
crowns are further grouped by type: Feldspathic, aluminum
oxide ceramic system and Lithium disilicate press ceramic
system. Prior to cementation, five crowns from each group
were examined with micro-CT in sagittal and coronal
section to detect marginal gap and marginal discrepancy
values for four different areas of the crown. Scanning was
repeated after cementation and thermal cycling. As a result
of the study, all-ceramic systems revealed clinically
admissible marginal adaptation rates. The Feldspathic
ceramic system revealed minimum overall change,
exception for the marginal gap rates of the coronal mesial
area.

In the study evaluating the marginal and internal
adaptation of crown copings produced from three various
materials, nickel-chromium alloy, zirconia and lithium
disilicate, micro-CT was preferred to acquire volumetric
reconstructions from every sample.’* It was determined
that the casting metal alloy showed the greatest overall
marginal fit and lithium disilicate the best general internal
fit. General evaluation of the results revealed that all
materials tested were within the clinically accepted level
despite significant differences in compliance.

Kim et al.*® aimed to measure the marginal and internal
fit of lithium disilicate crowns produced from digital and
traditional impressions with micro-CT. The CS3500 intraoral
digital impression system, Trios intraoral digital impression
system, Ceramill Map400 extraoral digital impression
system, and heat-press process were used to create lithium
disilicate crowns. Within limitations of this investigation,
the results show that the fit of lithium disilicate crowns
made using digital techniques is equivalent to the
traditional heat-press technique for clinical usage. IPS
e.max CAD crowns fabricated using the CS3500 intraoral
scanner revealed considerably better marginal fit than
those of the other 3 groups and there was only a small
internal mismatch relative to the Trios scanner. Between
IPS e.max Press crowns produced with the heat-press
method and IPS e.max CAD crowns produced utilizing the
extraoral scanner and Trios intraoral scanner, no difference
in marginal or internal fit were found.
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Micro-CT was preferred as the examination method in
the study in which the marginal fit of Co-Cr alloy copings
manufactured with traditional casting and 3 different
CAD/CAM were evaluated.’® Two different commercial
alloy systems were used for each production technique.
The milling and selective laser melting groups displayed
considerably higher marginal discrepancy than the
comparison groups, while the milling/sintering groups
displayed significantly lower rates than the control group.
Milling groups showed considerably higher marginal
discrepancy than comparison groups. In selective laser
melting and milling/sintering groups, marginal mismatch
rates are material typical. However, the milling/sintering
groups showed approximately equivalent or less marginal
discrepancy with the comparison groups. According to the
results of this in vitro micro-CT revealed that the marginal
adaptation rates of the Co-Cr largely depend on the
production processes and sometimes the alloy types.

In a study evaluating marginal and internal fit of lithium
disilicate inlays fabricated with two different axial milling
systems and conventional method probable gaps in
different areas were analysed.’® As a result, different
manufacturing methods had an impact on the internal and
marginal fit of inlays. The conventional group
demonstrated the greatest marginal and internal fit
outcomes; even so, all samples in each group were within
the clinically reasonable marginal range limit. Among the
CAD/CAM groups, the five-axis system showed preferable
axial-internal fit and occlusal-marginal fit rates than the
three-axis system.

Micro-CT was preferred as the examination method in
the study, which evaluated the external (vertical and
horizontal) and internal adaptation of implant crowns
produced with four different production techniques and
reported that the best results belong to the CAD/CAM
production technique.? In the statistical analysis, it was
seen that there was no important difference among the
groups for vertical discrepancy. While there was no
important difference for internal and marginal discrepancy
in conventional casting groups, it was observed for
CAD/CAM milling group.

Duqum et al.?? aimed to investigate the marginal fit of
all-ceramic crowns constructed of lithium disilicate and
zirconia with micro-CT using two different manufacturing
processes of CAD/CAM. Both workflows are legitimate
techniques for the producing of monolithic ceramic
restorations. Lithium disilicate or zirconia crowns' marginal
match was not improved by printed model. Regardless of
which workflow was used to achieve the restoration, both
materials have clinically acceptable marginal fit.

Micro-CT was preferred as the examination method in
the study in which the marginal and internal adaptation of
full-ceramic inlays designed using three different CAD
systems (CEREC, Dentsply Sirona, York, PA; KaVo, Everest,
Germany and Planmeca, Helsinki, Finland) were
evaluated.?® A total of 363 measurements were made, 11
measurements for each sample. In the study, it was found
that the software programs of different systems affect the
marginal and internal adaptation of inlays.

Ekici et al.?* aimed to evaluate the marginal and internal
fit of full-ceramic crowns and inlays manufactured using
two intraoral scanners and a model scanner with micro-CT.
For local linear measures on full-ceramic crowns, there was
often no variation between scanners, although gaps were
more noticeable in restorations performed with intraoral
scanners for volumetric measurements. But when the inlay
repairs were examined, there were noticeable variations
amongst the groups. The marginal and internal gap of both
crowns and inlays showed average rates that could be
considered clinically acceptable.

In a study aimed to evaluate external gap progression in
three dimensions after chewing simulation of highly
translucent zirconia and zirconia-enhanced lithium silicate
with different preparation design applied to endodontically
treated teeth. The external gap progression of the adhesive
overlay and full crown models prepared on the enamel-
cementum border of the molar teeth was evaluated in
three dimensions before and after the chewing simulation.
The full crown preparation design was found to have a
considerably lower gap process regarding the overlay
preparation. Zirconia-enhanced lithium silicate exhibited
significant inferior gap progression compared to highly
translucent zirconia. Preparations restored with zirconia-
enhanced lithium silicate appear to perform better in
sealing the external margin after cyclic fatigue.?

Tamam et al.?® evaluated the fit of CAD-CAM ceramic
restorations following different preparation procedures
with micro-CT. In the study, monolithic feldspathic ceramic
crowns with a total of 28 anatomical contours were
produced for 4 tipodont teeth. The preparation groups are
as follows: finishing with extra coarse (181 um) diamond
rotary instrument (EC), extra coarse grain diamond rotary
instrument followed by fine grain (40 um) grinding with
diamond rotary instrument (F), extra coarse grain and fine
grain diamond after finishing with rotary instrument,
finishing with extra fine (20 pm) diamond rotary instrument
(VF) and polishing with rubber (P) after all process steps
have been applied. Micro-CT scanning was preferred to
determine the gap among tipodont teeth and crowns. 196
measurements were taken, and reference points including
the margin, chamfer, tubercle tips, and central fossa were
identified. In all areas, the extremely coarse grained
diamond rotary instrument group resulted in the largest
gap values. The lowest interval value at the marginal area
was seen in the P group. As a result of the study, it was seen
that for monolithic feldspathic CAD-CAM restorations, the
surface finishing technique with fine grained rotary
instruments provided greater marginal fit.

1.2. Evaluation of cement space of restorations

The grade of the marginal fit and the thickness of the
bonding material are among the factors affecting the
durability of ceramic restorative materials.?’ Another factor
in the endurance of restorative material is the gap filled
with cement in the 3D plane between the restoration and
the tooth surface. In general, 3D adaptation is direct
impacted by the thickness of the cement layer. A
restoration's internal and marginal cement thickness can be
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measured using techniques like sectioning, silicon replica,
or micro-CT. Among the various techniques used to
evaluate the cement thickness of dental restorative
materials, micro-CT is more widely used due to its ability to
perform quantitative analysis, repeatability at different
time intervals without damaging the samples.'4?®

Micro-CT technique was used in the study to evaluate
the marginal and internal cement thicknesses of inlay
restorations produced of different CAD/CAM materials, and
the restorations were found to have clinically acceptable
cement thickness.?

In the study investigating the effects of two different
cement (Panavia, Variolink 1) systems with different
cement thicknesses on full-ceramic crowns on the stress
distribution between the crown and the core, micro-CT was
preferred as the examination method.®® Cement with a
greater elastic modulus resulted in reduced tensile stress in
the crown and core layers, and the shear strength of the
cement was found to be critical to the strength of the full-
ceramic crown. Evaluation of different cement space has
shown that there is an ideal thickness that can minimize the
stress level in full-ceramic crowns; however, it has been
stated that the cement thickness is of minor effect on the
stresses in the core or crowns.

Al-Saleh et al. evaluated the microleakage and fracture
stresses of full-ceramic veneers bonded with traditional
polymeric resin (Multilink N) and two different polymeric
bioactive cements (ACTIVA, Ceramir) in order to assess their
color stability.3* According to the type of cement used, all
produced samples were randomly separated into three
groups. All samples were aged for 30,000 cycles. This
samples were used to check with a micro-CT for
microleakage. Relative to Multilink N and ACTIVA, Ceramir
exhibited the most microleakage.

1.3. Evaluation of adaptation of denture bases

Full dentures and removable partial dentures continue
to be a frequently applied treatment option for partially or
totally edentulous patients. One of the most significant
factors determining the performance of these prostheses is
the fit of the base of the prosthesis to the mucosa and the
retention provided when the gap between the base and the
tissues is as small as possible.3? The fit of the denture base
may vary according to different production techniques or
the applied arch. Denture base fit has been frequently
examined using various methods such as stereomicroscopic
space quantification of denture bases by taking sections on
the plaster model, measurement of the physical mass or
thickness of the elastomeric impression material positioned
between the denture base and the plaster model, and
digital superimposition analysis.3*3> All these procedures
assessed fit by examining the space between the denture
base and the plaster model representing the underlying
mucosa. Micro-CT, a technique often employed in dental
research, can visualize internal structures without
damaging the structures with 3D imaging and can not only
take linear and yet also volumetric assessments of space
among or within materials.3® This modern method can be a
useful tool for evaluating denture base adaptation.
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Micro-CT method was used in the study in which the fit
of denture bases produced with four different production
methods (conventional pressure, conventional injection,
PMMA milling method and 3D printing method) was
evaluated.’ In this study, 3 areas in the mandible and 6
areas in the maxilla were measured to assess the denture
base adaptability. It has been found that denture bases
milling from PMMA show greater adaptability for both
maxillary and mandibular jaws than 3D printing or
conventionally fabricated denture bases.

1.4. Evaluation of the accuracy of prosthetic impression

The correct and clear impression of the tooth prepared
to be restored should be taken. Conventional and digital
methods are used in the impression process. The
conventional impression is to obtain the negative with
various impression materials to replicate the surface
contour of the prepared tooth, its connection with adjacent
teeth and soft tissue. Although this technique is considered
the gold standard for providing precise and reliable details
concerning patients' intraoral conditions®, it has many
disadvantages such as cumbersome procedures,
dependence on the skill and experience of the clinician, and
storage problems. The digital impression is produced
indirectly by scanning the traditional impression, the
plaster model produced from the conventional impression,
or by direct scanning of the prepared tooth with an
intraoral scanner. Compared to traditional systems, digital
impression systems have advantages such as increased
patient satisfaction, decreased time and expense
performance, reduction of errors due to volume changes
and user-related mistakes, material savings and a cleaner
environment.3® It has also been reported that digital
impression accuracy is similar to conventional impression.*
Restorations can be produced directly via CAD/CAM
systems using digital impressions, and the restoration is
often completed in a single appointment. In another
workflow, the model obtained indirectly from a
conventional impression or impression is scanned and its
data is transferred to electronic media and restorations are
produced in the laboratory.

Li et al.** obtained a three-dimensional digital dental
model with a 90 um scanning layer by using micro-CT from
the dental impression and presented micro-CT as an
alternative for creating a dental model.

Kim et al.*> compared the impression phase of crown
and inlay restoration fabrication with the extraoral optical
method (laboratory scanner), the intraoral optical method
(intraoral scanner), and their own method (scanning the
impression with micro-CT). Although different methods
were used in terms of functioning, no significant difference
was found between them. The proposed method has been
shown to be comparable to extraoral optics and intraoral
optics in conditions of dimensional accuracy. According to
the outcomes of the variation map analysis, it has been
shown that the recommended method has considerably
less deviations not only on the tooth surface but also in the
gingival tissues with respect to the intraoral optical method.
They also evaluated the restorations obtained from all
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three methods and showed that the proposed method was
comparable to existing methods in conditions of
appearance and marginal fit.

In a research conducted by Hamm et al.,*3 the models
produced from six different materials (Type IV hard plaster,
cobalt-chromium-molybden, epoxy resin, polyurethane,
titanium, zirconia) were evaluated. Over the course of six
weeks, 3D data sets of models were produced using Micro-
CT at various intervals. Cobalt-Chromium-Molybden and
zirconia scans have shown the best sensitivity. While the
polyurethane model does not satisfy the requirement of
dimensional stability, the epoxy and type IV Hard plaster
remained stable for only 10 days.

1.5. Evaluating the Effects of Occlusal Interference

Due to the early contact or lateral loads, excessive force
is transferred to the teeth from prostheses and this
mechanical stress may affect periodontal tissues. Excessive
mechanical stress and hyperocclusion are called occlusal
trauma, a type of periodontitis. Radiographic evidences in
individuals with occlusal trauma, the destruction of the
alveolar crest in early stages and the expansion of the
interval of the periodontal ligament, then the
demineralization of the alveolar bone and the loss of tooth
in the following stages.** Recent research, has attempted to
investigate alveolar bone alterations using micro-CT.* It
was also used to evaluate the destruction of the
orthodontic tooth mobility and periodontitis-related
periodontal tissue damage. Micro-CT was also employed to
evaluate bone patterns in segmental osteotomy research.*®

As a result of the bone being destroyed during
hyperocclusion, high mechanical stress can lead to
periodontal disease. In response to hyperocclusion in rat,
micro-CT was used in the study aimed at analyzing alveolar
bone resorption.*” Under anesthesia, a stainless steel wire
is connected to the teeth of the rat to induce extra occlusal
force loading. On the days of 0 and 7, hard tissue samples
were examined with micro-CT. As a result of the research,
significant bone resorption was observed on the 7th day
compared to initial. This study has provided the possibility
of effective examination from a prosthetic perspective of
alveolar bone resorption, and the topographic images
obtained have enabled hard tissue changes that cannot be
detected by immunohistochemical alone.

There is a biomechanical relationship between
temporomandibular joint (TMJ) and occlusion. Incorrectly
created occlusion initiates degenerative responses in TMJ
condyles. Aging is a factor that promotes the development
of osteoarthritis. Zhang et al .*® aimed to evaluate the effect
of aging on degenerative remodes in TMJ condyles in
response to occlusal biomechanical stimuli caused by the
prosthesis used without compliance with the rules and to
observe rehabilitation after prostheses were removed. In
this study, the bilateral anterior cross bite model was
developed to 84 female rat groups and TME 3, 7 and 11 was
examined in weeks. Prostheses made with bilateral anterior
cross bite model were made for 7 weeks and evaluations
were made 4 weeks after the prosthesis were removed.
TMJ  changes were examined by  micro-CT,

histomorphology, immunohistochemistry and
immunofluorescent painting experiments. The results have
shown that bilateral anterior cross bite model causes more
severe osteoarthritis-like TMJ lesions in older groups. The
elimination of the bilateral anterior cross bite model has
reduced the degenerative changes in the condylar cartilage
and subcondral bone. The effect of healing has been found
to be more pronounced especially in young animals.

1.6. Evaluation of the volumetric change in teeth due to

dental post application

It is very difficult to decide on the treatment when post
application is required. The posts are used to protect the
remaining tissues when a large part of the tooth is lost.
Access cavity and post socket preparation are processes
that cause great loss of the hard tissue structure during root
canal treatment. It is crucial to quantify the quantity of
dentin eroded at each step of the root canal process and
after the restoration to determine how the destruction of
dental tissue brought on by restorative processes and root
canal treatment might damage the tooth. During root
channel instrumentation, high-resolution micro-CT is
frequently utilized to assess the 3D volumes and
geometries of canals.®® In a study, in which the micro-CT
method was preferred to examine the volume changes
occurring in the dental hard tissue after endodontic
procedures and it was found that the preparation of the
post slot for casting post causes more dental tissue loss
than fiber post socket preparation, it was founded the post
socket preparation for the cast post caused a greater loss of
dental tissue than the fiber post socket preparation.*°

Micro-CT was preferred as the examination method in
the study, which planned to impartially compute the
volumetrical alteration of endodontically treated and post-
applied teeth before and after removing the prefabricated
post, and to compare the dentin volume between the
samples by evaluating the alteration in tooth volume.*!
Stainless steel Parapost and glass fiber reinforced
composite post samples are classified into two groups
based on the post system being utilized. Half of the posts
for each group were cemented with glass ionomer cement
and the other half are Dual-Cure resin cement. Compared
to other posts and cement combinations, the climped
parallel-edged stainless steel posts with glass ionomer
cement were extracted by using ultrasonic vibration
method and caused the maximum loss of tooth root
structure.

Chang et al.>? used micro-CT, finite element analysis
(FEA) and in vitro fatigue analysis in their study to
understand the mechanism of the early dissolution of the
luting cement layer occurring in the apical and peri-apical
regions of fiber posts in an endodontically treated premolar
tooth. The six mandibular premolars with canal treatment
were examined with micro-CT prior to and during the
fatigue test and various materials (dentin, bonding cement
and gap) were defined to assess the volume/position of the
gap. Oblique loads were applied to assess the mechanical
behavior of the cement layer and fatigue tests were
performed that simulate one-year chewing to compare it
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with the results of FEA. Most of the gaps occurred in the
apical one-third of the fiber post, these gaps caused the
fiber post to be released and created a stress concentration
on the gap limit. In the FEA, it was found that fatigue life has
decreased in experimental tests with increasing stress
value/micro motion.

In the study of Soares et al. >3, which aimed to evaluate
the size of the spaces among root dentin and titanium or
glass fiber post after cementation with self-adhesive resin
cement, the canal, cement and post parameters and
surface spaces were measured along the cervical region of
the tooth. In self-adhesive cements, the presence of
interfacial gaps along the root canal was observed, which
was not related to the amount of cement in the
canal. There is no important difference among samples
containing glass fiber or titanium, and both post kinds have
a faultless interface with decimals. They reported that
micro-CT is an excellent procedure to examine root canal
restorations of hydrated specimens in 3D.

1.7. Evaluation of changes in the implant-abutment

connection

Nowadays, dental implants are preferred because they
reclaim the function and aesthetics of failure teeth and
improve the quality. Two-piece titanium dental implants
have been effectively employed in dental professionals for
many years.>* They need to resist the dynamic forces in the
oral cavity®™® and the mors-angle (tapered) implant-
abutment connections have been shown to be more
durable to fatigue against mechanic forces.>® In addition to
technical failures such as chipping or fracture, screw or
abutment loosening in implant restorations, implant
fractures have been documented in up to 30-41% in 5
years.”’ In addition to technical complications, the
prevalence of periimplant mucositis and periimplantitis
(43% and 22% respectively) emerges from various
biological complications.>® Although the etiopathogenesis
of periimplant diseases has not yet been entirely known,
the presence of titanium ions and nanoparticles in the
mucosa of periimplantitis have been shown.*® The micro
movement during the loading was defined, but the results
were rarely investigated in zirconia abutments.® It has
been proven that the cyclical loading of zirconia abutments
in titanium implants caused the abrasion of titanium
implant in butt-joint and conical implant-abutment
interfaces.®!

Blum et al.5? aimed to evaluate the micro gap formation
and corrosion pattern during cyclic loading of two-piece
dental implants belonging to different systems. Several
dental implant systems with various conical implant-
abutment interfaces were examined utilizing first
synchrotron X-ray high-resolution radiography (SRX micro-
CT) and scanning electron microscopy (SEM). The implant-
abutment mechanisms were then exposed to cyclic force.
Microspaces were assessed after several cycles with SRX
micro-CT. The corrosion mechanisms of the implant-
abutment connection also characterized by using SEM after
specific cycles. As a result of the study, all implants showed
a micro gap among the implant and abutment before
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loading, and this range increased following loading.
Regardless of the interface design, corrosion have been
observed for all implants tested. The wear pattern is mostly
in the form of adhesive corrosion and friction.

Rezende et al.®® purposed to evaluate early loading in
various implant platform geometries (external hexagon and
morse tapered implant) using micro-CT. Abutment screws
were scanned with micro-CT to create digital models. The
abutments were torqued to 20 Ncm on the implant and the
combination consisting of implant, abutment screw and
abutment was transported to the micro-CT scanner and
digital sections were obtained from the samples. These
cross-sections allowed measurements of screw lengths
after torque usage and based on screw elongation. Early
loading levels were computed using the Hooke’s Law. The
extraction torques each sample was saved. To assess the
accuracy of the micro-CT method, three rods of known
lengths were scanned, and the length of their digital model
was assessed and compared to the actual lengths. There
was no difference among the groups in terms of early
loading values, but the external hexagon group showed
higher extraction torque values. The micro-CT method
indicated a variation of 0.053% and repeatability deviated
from 0.23% to 0.28%. It has been stated that the micro-CT
method can be used for early loading calculations.

In a study evaluating micro gap in the screw pitch
connection of a two-piece dental implant,® the implants
were combined with 25 degrees angled abutments and
micro-CT was utilized to evaluate the screw pitch
engagement intervals under various mechanical conditions.
The average range in the unloaded sample, is 2.9 + 0.9 um.
the average space difference during the cyclic compressive
loading was showed insignificant impact for cyclic loading.
At 200 N, the micro gap size did not increase under the
static compression load, but at 400 N, a considerable
increase was observed. The mean micro gap significantly
increased in the direction of the force application while
significantly decreasing on the opposite side.

Bagegni et al.% evaluated the impact of dynamic loading
on the micro gap of the implant-abutment connection
when various superstructure heights are selected. 48
dental implants divided two groups (butt-joint and internal-
chronic connection) each containing 24 implants, and also
according to the height of the superstructure they were
further divided into the subgroup. All samples were
exposed to a cyclic load on a chewing simulator witha 98 N
force for the 5 x 108 chewing cycle. The micro gap in the
implant-abutment connection was examined before and
after loading utilizing micro-CT and light microscope.
Regardless of the height of crowns, the micro gap between
abutment and implant has significantly decreased following
loading in both butt-joint and internal-chronic connections.

Bergamo et al.®6 evaluated the effect of aging on the
adaptation of zirconia abutments in the implant-abutment
connection using two different methods on the and aimed
to predict the survival possibility of anterior crowns
supported by straight and angled abutments. Abutments
were randomly divided into three experimental groups
according to their laboratory aging state control, autoclave
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aging and hydrothermal reactor aging. Implant-abutment
mismatch was identified in straight abutments with micro-
CT employing the silicone replica method. For fatigue
testing, the abutments were torqued to the implants and
attached to standard zirconia crowns. As a result,
hydrothermal aging significantly affected mismatch in
addition to the possibility of surviving of zirconia abutments
at greater loadings.

1.8. Biomechanical evaluation using finite element

analysis

Recently, FEA is a common technique used to analyze
physical events in the field of engineering and
biomechanical. The use in dental research is also popular.
Micro-CT scanner can be used to create a more accurate
and very sensitive finite element model of smaller
components such as teeth, dental implants, and dental
restorations. After the micro-CT scan of a tooth, it is feasible
to divide enamel, dentin and pulp into different area
according to the pixel level rates or mineral volume.
Following the preparation and restoration of cavity, various
material characteristics are given together with the
required limit conditions to mimic stress and strain
variation. In a study in which a 3D finite element model of
the premolar tooth was created using micro-CT and the
restoration of tubercles with composite resin was
simulated; it was shown that the stress models were 3D and
the stress concentration levels were observed on the
surface where the load was placed and near the dentin-
composite bond formation.®” In another study using micro-
CT, 3D FEA was formed for dental restorative procedures
and simulated various cavity designs (MO/MOD and
endocrown preparation) and different restorations
(feldspathic porcelain and composite resin). The findings
demonstrated that the micro-CT method can produce the
elaborated 3D finite element model of the teeth and
simulate the effect of various treatments on the
distribution of stress.%®

In a study carried out to make FEA from 3D images
obtained from micro-CT scanner and two model dental
crowns and three-unit fixed partial prosthesis, tensile
stresses in crowns are concentrated on the inner surface of
the core, close to the implemented load.®® For the 3-unit
partial prosthesis model, the maximum tensile stresses
were located in the substructure, in the cervical region of
the connectors and pontics. In this study, micro-CT imaging
and Mimics software were combined, emphasizing the
importance of 3D models of dental crowns and 3-unit fixed
partial prosthesis a design instrument in dental research. It
has been stated that the 3D FEA method is an significant
instrumenting estimating the stress concentration by
encouraging in the structural design of dental restorations.

Micro-CT data was used in a study’® aiming to evaluate
the micro-strain and dislocation caused by dental implant
restorations loaded at various levels of osseointegration
utilizing FEA. Three different directions of implant loading
and two levels of osseointegration were considered in the
stress-strain analysis of the bone-implant combination.
Bone segments are based utilizing two methods

(mechanostatic strain and yield strain). The findings of this
study demonstrated that when there is only partial
osseointegration and when the implant is loaded by
buccolingual stresses, the bone around dental implants is
severely stressed. High stresses are placed on the implants
in these circumstances. A significant difference in the
displacements of partly and fully osseointegrated implants
was discovered. Partial osseointegration has been
mentioned as a possible danger for implant survival.

In a study aimed to appraise the effect of three different
dental implant collar configurations under combined
compressive/shear force utilizing FEA, three different
models, 0°, 10° and 20°, were created with different
implant collar configurations and the implant collar was at
the crest level or 2 mm below positioned in D2 quality
bone.”* The maximum strain levels in both cortical and
trabecular tissue at the peri-implant bone interface were
isolated and evaluated. As a result of the study, all implant
models distributed the load at the bone-implant interface
with an identical strain model between the models. In
contrast, variations were seen in the cervical region, where
models with implant collar shapes of 10° and 20° had lower
strain magnitudes than the model with the straight
configuration. When implants are inserted at the levels of
the crestal bone, these values are much lower. No
difference was observed in strain values in the apical area.
Implant collar configuration affected the strain distribution
and amplitude in cortical bone and cancellous bone tissues.
To decrease the strain levels in the bone and enhance the
load distribution, it has been suggested to prefer 10° and
20° neck configurations instead of flat implant platforms.

1.9. Maxillofacial prosthesis applications

Tissue engineering is a multidisciplinary science that
integrates the principles of biology and engineering,
providing a specific treatment by producing bioartificial
organs in the laboratory and then transplanting them into
humans. Tissue engineering is also related to maxillofacial
prosthetic applications. Hard and soft tissue deformities,
which are secondary consequences of trauma, congenital
malformation, and acquired disorders, are an important
medical concern.”? Designs with the developing technology
in tissue engineering; it plays an important part in tissue
regeneration by maintaining tissue volume, offering
temporary mechanical capabilities and biofactors.”® Micro-
CT has been used in tissue engineering studies in last years,
and 3D data from samples provide more accurate data than
complementary 2D methods.

The pore numbers of maxillofacial silicone elastomer
combined with two distinct methods and its impact on color
repeatability and stability following two different aging
procedures were investigated in a research was used micro-
CT.”* 64 disc-shaped silicone elastomer samples were
prepared with two methods as manual mixing and
mechanical mixing under vacuum. The pore numbers,
volumes and percentages were measured using micro-CT
and then aging processes were applied. Color change was
observed at the beginning and finish of conditioning.
Mechanical mixing under vacuum decreased the pore
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numbers and percentages of the silicone elastomer
compared to manual mixing. The pore properties of the
silicone elastomer affected the color stability.

Artopoulou et al’> aimed to investigate the
microleakage patterns occurring at the interface of two
maxillofacial silicone elastomeric with pure titanium when
three different primers were used, and to appraise the
porosity of the two tested elastomers. The percent degree
of linear leakage across the bonded interface was measured
by light microscopy. The percentage of void volume fraction
was evaluated by micro-CT scanning. Variations in
mechanical characteristics, chemical combination, and
adjustments during the use of maxillofacial silicone
elastomeric have been shown to alter the linear
microleakage and porosity of the silicone elastomeric along
the pure titanium-silicone elastomer bonding interface.

Conclusions

Micro-CT method has been proven to be available in the
field of prosthetics as well as in many dental studies. The
use of micro-CT is increasing day by day, especially in in vitro
studies. It has become an important part of many academic
and industrial research laboratories. Especially with the
developments in digital dentistry, it is considered that
micro-CT systems will be used as an important evaluation
tool in research in prosthetic dentistry, which includes new
materials each passing day, and maybe it can shed light on
original studies.
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ABSTRACT

Endodontic treatment needed teeth are generally with a presence of carious tissue or have had large restorations
in the past. Sometimes the defects cannot be treated with restorative procedures alone, they need the addition
of a technique that involves the pulp chamber, such as additional root canal treatment to the teeth. The
requirement for extra retention for the core structure and coronal restoration to be performed therefore makes
posts essential components in the roots of teeth with structural damage.

More often than not endodontically treated teeth remain relatively intact after conservative endodontic
treatment. Endodontically treated teeth become more brittle for some reasons and one of the reasons is the
masticatory function of the jaws. As a result of this known phenomenon, dental professionals have been looking
for strategies to prevent pulpless teeth from breaking. Restoration and reinforcement of pulpless teeth is a
crucial preventative step in endodontic therapy. A post may be used in the root of a structurally damaged tooth
in which additional retention is needed for the core and coronal restoration. A widely used technique for
repairing teeth that have undergone endodontic treatment is post and cores.

Retention applied onto the root thorough final restoration using the post and core restoration as a substructure.
Therefore, post placement in the root is crucial. In order to ensure retention for a fixed restoration,
endodontically treated teeth are frequently treated with posts and cores. Teeth that had gone through
endodontic treatment often suffer from severe coronal damage. In order to ensure retention for full or partial
coverage restoration, these teeth may require a coronal substructure or core for retention of a full or partial
bonding restoration. Generally, primary retention feature of a core is an intraradicular post. Posts and cores are
routinely used for endodontically treated teeth. This article provides a review presentation about utilization of
post systems on the pulpless tooth.

Keywords: Root Canal Treatment, Post Implementation, Post Classification, Prefabricated Post, Advantages of
Post, Post Indication.

Post Sistemlerine Genel Bakis: Derleme

Siire¢

Gelis: 16/01/2023
Kabul: 31/01/2023

Copyright

This work is licensed under

Creative Commons Attribution 4.0
International License

oz

Endodontik agidan tedavi gerektiren disler siklikla biyiik miktarda guriik doku iceren, ya da daha 6nceden
Uzerinde buyuk restorasyonlar bulunan dislerdir. Bu durumdaki dislere bir de ilave kok kanal tedavisi gibi pulpa
odasini da igine alan bir islem eklendiginde bazen tekbaslarina restoratif islemlerle eksiklikler yerine
konulamazlar. O zaman postlar, yapisal olarak hasar gormus dislerin kdklerinde, yapilacak olan kor yapi ve
koronal restorasyon igin ek retansiyon ihtiyacini saglamak amaciyla vazgegilmez unsurlardir.

Endodontik tedavi gérmis dislerde koronal hasar siklikla siddetlidir. Bu disler, tam veya kismi bir kaplama
restorasyonunun tutulmasi icin bir koronal altyapi veya core gerektirebilir. Postlar ve corelar rutin olarak
endodontik digleri restore etmek igin kullanilir. Kok kanal tedavisi gormus disler, konservatif endodontik
tedaviden sonra siklikla nispeten saglam kalir. Endodontik tedavi gormus dislerin saglikh dislere gore daha kirilgan
oldugu gosterilmemesine ragmen, pulpasiz diglerin ¢igneme sirasinda kirildigi bilinmektedir. Dis hekimleri, bu
deneyimin bir sonucu olarak pulpasiz dislerin kirilmasini 6nlemek igin strateji aradilar. Endodontik tedavide,
pulpasiz diglerin restorasyonu ve guglendirilmesi cok énemli bir koruyucu adimdir. Postlar ileri derecede hasar
gormis olan endodontik tedavili dislerde tzerine yapilacak olan kor yapi ve protetik restorasyona dayanak
saglamak amaci ile yerlestirilirler. Endodontik tedavi gérmus disleri onarmak igin yaygin olarak kullanilan bir
teknik, post ve corelardir. Son restorasyonun koke retansiyonu, alt yapi olarak post ve core restorasyon
kullanilarak yapilabilir. Bu nedenle, postu koke yerlestirmek cok 6nemlidir. Sabit bir restorasyon igin retansiyonu
saglamak amaciyla, endodontik tedavi gormus disler siklikla post ve corelarla tedavi edilir. Bir core’un birincil
tutucu ozelligi genellikle bir intraradikiler posttur. Bu makale post sistemlerinin pulpasiz dislerde kullanimini
gozden gegirerek sunmaktadir.

Anahtar Kelimeler: Kanal Tedavisi, Post Uygulamasi, Post Siniflamasi, Prefabrike Postlar, Post Avantajlari, Post
Endikasyonlari.
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Introduction

A tooth that maintains crown integrity with no
structural defects has sufficient strength against
masticatory forces. However, if a certain tooth has
undergone root canal treatment because of trauma or
caries, its dentin integrity would be weakened due to
excessive loss of material and cannot provide sufficient
strength against functional forces.! Supporting such a tooth
with a post system, ensures that the survival time of the
teeth in mouth.?

Endodontically treated teeth with excessive loss of
material in the crown section are observed to suffer more
fractures against functional forces in comparison to vital
teeth.>* It has been shown in literature that stress
resistance of these teeth decreases while brittleness
increases, both caused by insufficient moisture and
material loss in dentin.?

Tooth supported crown and bridge prosthesis have
biomechanical and physiological advantages over mucosa-
supported prostheses. Therefore, oral rehabilitation based
on tooth-supported occlusion is preferred. Most significant
benefits include masticatory muscle efficiency and tooth
stabilization, as well as preservation of vertical size and
supporting tissue. Therefore, even when excessive crown
destruction is observed, remaining tooth structure
utilization should be maximized.®

Endodontically treated teeth may have lost a significant
portion of their existing crown structure due to an access
cavity, an existing restoration, or caries, which may be the
main cause of endodontic problems. In many cases, crown
section support from root canals may be required to ensure
durability and retention of restoration. Post and core
systems are the significant parts of this procedure.®

Problems may arise in the treatment of excessively
tapered and wide canals caused by incomplete root
development, endodontic restorations, pulp pathologies,
caries, or idiopathic reasons. Utilizing traditional, tapered,
or cast posts may cause fractures in the coronal section,
already weakened by wedge effect. Crown restoration
conducted by supporting the weak root through the canal
with appropriate adhesives and post-core procedures may
help prolong teeth functionality in the mouth. Many
researchers have advocated that composite resins are
similarly suitable materials for core and post construction
as well as traditional metallic root posts, and reported
successful results.”

The idea of traditional posts and plastic filler material
utilization to replace fabricated post and core systems was
introduced in 1960s.2 However, it has been reported that
post-core systems have been used in dentistry for more
than 250 years.®

In addition tooth structure loss caused by endodontic
procedures, subsequent material removal for crown
preparation often results in inadequate crown support.
Replacing lost tooth structure with a core made of moldable
filling materials can provide adequate support for the
crown. However, when the remaining tooth structure is
insufficient for crown retention, a post and core are often
required.1%!
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Schillingburg et al.! suggested that prefabricated post
and core systems have been the most commonly used
systems after 80s to provide restoration for support.

Indications of Post Core Restorations'%:

1- In cases where observed crown section loss cannot be
repaired by pinned core procedure or utilizing undercut,
auxiliary cavities, retaining grooves, acid etching or
bonding methods,

2- In cases where pulp integrity is impaired by axial or
occlusal reconstruction of the malposed tooth,

3- In cases where crown/root ratio of teeth with weak
periodontal support needs to be strengthened with the
help of endodontic supports,

4- In cases where bar and stud attachments require root
retention in overdenture applications,

5- In cases of severely defected teeth with pulp prognosis
suspicion, as post-restoration endodontic treatment
will be difficult otherwise.

Advantages of Post Core Application®?:

A- Two-stage restoration is utilized to support the cast
superstructure of root canal treated teeth.

1- When prosthetic restoration fails partially or marginally,
treatment can proceed without intra-coronal
restoration renewal.

2- When posts are not in cast form, undercuts on teeth can
be filled, which could help preserve the tooth structure
to be removed for cast superstructure restoration.

3- Post-core structure reduces the amount of cast alloy
used in the final restoration.

B- Posts can be utilized for temporary restoration
during periodontal and orthodontic treatment
applied to teeth with previous root canal treatment.

C- Posts establish connection between root and crown.

D- Take into account the advantages of use when tooth
structure is insufficient locally, in terms of size, or in
contrast to the quantity of displacing forces. Notable
indications include lost or insufficient pulp chamber
wall, or lack of opposing walls to support one
another.

Disadvantages of Posts®®:

1- Postis placed through additional operation.

2- Preparations for post placement on tooth could cause
more material loss in the tooth.

3- If the cavity required for post construction is not smooth
enough or excessively wide, the core will be inadequate
for restoration, which may result in failure to cement
post core restoration onto cavity. Also due to this
problem cementation and leakage problems may occur.

4- Using posts in restoration that are not suited for
repeated root canal procedures may result in a number
of complications or prevent retreatment.

Requirements for Post Placement Teeth:!314
1- A good apical seal must be achieved.
2- There should be no sensitivity in pressure.
3- There should be no exudation.
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4- Use gutta-percha restorative material to completely fill
without gaps.

5- There should be no sign of infection on lateral or apical
periodontium.

6- Repeat incomplete canal fillings; in case of any doubt,
monitor the tooth until you are confident. Post should
only be placed after all suspicions are clarified.

7- Remaining clinical crown length and remaining apical
distance after post placement should be taken into
consideration.

8- Inspect for any potential subgingival caries.

9- Lamina dura continuity and bone must be evaluated for
resorption.

10- Evaluate root canal morphology for potential
complications before opening post cavity.

11-Occlusal relationship and undesirable mastication
relations should be taken into consideration.

There are many classifications about posts in modern
day.

According to the classical classification, posts are

divided into two classes:*>*®

1- Conventional posts made by casting method: this is the
traditional post type produced by taking measurements
through direct or indirect methods, preparing a model,
and finally casting.

2- Prefabricated standard posts: prefabricated standard
posts are also divided into two classes based on
application method:>*®
A- Passive posts: this is the type of post cemented

directly into prepared post cavity by its own drills,
without any requirement to screw into the root
canal. These posts can be either grooved or flat. Two
types are defined based on shape:

1- Parallel-edged,

2- Tapered.

B- Active posts:

1- Threaded parallel-edged posts with a special guide drill

Flexipost: A groove is created by using a lead bur
followed by a guide bur, after which the post is screwed
clockwise into the canal.>®

2- Directly screwed self-tapping threaded parallel-edged

posts: Screwed clockwise into root prepared with a
guide bur applicable to selected post diameter.>®

3- Directly screwed self-tapping threaded tapered posts:

These may cause more root fractures and cracks than
parallel-edged ones.

Methods Used for Restoration of Teeth with Previous

Root Canal Treatment and Excessive Material Loss?:

A- Cast post-core: Prepared by direct or indirect
method. Direct method features wax or acrylic
model prepared in mouth, and indirect method on
die.?

B- Amalgam or composite resin coronal-radicular core
for posterior teeth: There are two techniques:

Post-core and pin supported amalgam or composite

resin core:*' Entry path for post-core may be

problematic in multi-rooted teeth with divergent

canals. In this method, posts are cast separately and

inserted into the canal through the opening in core

during cementation.

C- Coronal-radicular amalgam or composite resin post-
core:'® In this method, post and core are prepared
together by placing amalgam or composite in the
pulp chamber and coronal part of the tooth from the
pulp chamber to the canals in molar teeth.

D- Prefabricated post with amalgam or composite
core: This commonly preferred system involves
amalgam or composite resin core structure shaped
by direct method following the application of
prefabricated standard posts onto the tooth by
direct method.

Sorensen and Martinoff classify posts as follows:!®

1- Threaded metal posts

Obturation screws e.g.: FKG

Dentatus screw posts e.g.: Unitek, Swedia, Medidenta
Radix-Anchors

Flexipost

Kurer Posts: Anchor, fin-lock, crown saver, press stud

2- Non-threaded metal posts:
Endopost

Charlton crown post kit

Post kits

Nu-bond post

3- Plastic models:
Endowels

Norm plastic pins
Standard plastic pins

4- Combination kits:
C-l kit

PD posts

Colorama

Para-post

Mumford and Jedynakiewicz divide prefabricated posts
into 5 main groups:*°

Charlton System: Features a directly inserted stainless
steel post and a steel core attached to it. The core is
appropriately prepared outside the mouth and
mounted into the mouth. May cause excessive tooth
tissue loss during adaptation.

Kurer System: A threaded post system which can be
applied with or without a core. Preparing the flat
surface on cervical region of the tooth for the core after
parallel-edged post cavity prepared with a reamer will
cause loss of last remaining tissue of the crown, which
is the primary disadvantage of this system

Schenker System: Utilized posts feature parallel edges
and two different diameters. The diameter is narrower
in the apical part. Difficulties may be encountered while
preparing the socket and mounting the post.

Dentine Screwed Systems: Posts are screwed onto
dentin in the canal with a hand tool. Costs less and can
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1-

2-

be applied rather quickly. May create stress which could
lead to root cracks and fractures.

Parapost System: It is a popular post system which can
be used in many cases. It is a parallel-edged and grooved
system. Its longitudinal groove causes excess cement to
come out.

Caputo and Standlee classify posts in two different

groups based on surface properties and shapes:?°

A- Tapered and Flat Surface Posts: These include Kerr
Endopost, Mooser Post, Unitek Post, Schenker Post,
Stutz Post systems. They are the oldest and most
commonly used posts. As tapered form is the
natural form of canal, preparation and cementation
is easy. Cement escape is also a possibility, so they
might cause minimum hydrostatic pressure. A major
disadvantage is that wedge effect may cause root
fractures.

B- Parallel Edged Posts: Whaledent Parapost, Unitek
Charlton Post, Degussa Post systems are included in
this group. Parallel-edged posts may not always be
available in narrow, tapered or non-straight root
canals; canal preparation requires more dentin
removal apically. Not suitable for mandibular
incisors, mesial roots of molars, and upper first
molars. Yields better results in long, wide-rooted
teeth with a wide dentin wall. High probability of
root fracture should be kept in mind when using
such posts.>1>20.21

There are two types:

Parallel-edged posts with flat surface: Parallel-edged
posts with tapered end have been developed to
increase normally low retention. However, the tapered
end acts like a wedge at the root and causes
fatigue.>1>20

Parallel-edged posts with grooved surface: Most deny
cement escape, which makes placement with
hydrostatic pressure more difficult. While cement
escape might occur if the canal is widened excessively,
this would decrease retention as the space between
post and canal would also be widened.>*%?2

Walton and Trobinejad'® showed that these posts

distribute stress more evenly than tapered posts with flat
surfaces and do not trigger a wedge effect. Caputo and
Standlee showed that these posts distribute stress equally
between post-cement-supporting tooth tissue in the face of
compressive loads.?°

920

C- Tapered Posts with Threaded Surface: Some
examples of this system include Blue Island, Buffalo,
and Dentatus Post. Mount post by turning it
clockwise on its own axis. Triggers great stress on
root during application. Root fractures may also
occur  with  masticatory  pressure.  Stress
concentration is higher in short length than in long
length. This is the post group that causes the most
root fractures.192023.24

D- Parallel Edged Posts with Threaded Surface: Kurer
Anker and Radix Anker post systems are in this
group. Dentin usage is increased for mechanical
retention. These are mounted on canals prepared by
special burs that create a ledge form.?° Caputo and
Standlee determined that when grooves are sharper
and fewer in numbers, there would be less stress
formation around them.?® They concluded that
Radix Anker posts create less stress than Kurer
Anker posts.

Caputo and Standlee and Cohen et al. have shown that

cylindrical posts with threaded surfaces are the most
retentive posts. However, thick diameter may cause root
fracture and perforation.>2°

Standlee and Lui reported that stress distribution and

retention properties of all post groups are related to post
fully adapting on the canal.?%?2

N

N

Current classification?

A. Classification of Cast Post:
I. According to type of alloy.
Gold alloy

Chrome-Cobalt alloy
Nickel-Chromium alloy

Il. According to number of Post.
Single Post

Multiple Post

a.0ne Piece Post

b.Two Piece Post

B. Classification of Prefabricated Post

I. According to Taper
Parallel

Tapered

Parallel Tapered

Il. According to surface character
Smooth

Serrated

Self threading

Il. According to fit
Active
Pasive

IV. According to material
Metallic

i. Titanium

ii. Stainless steel

iii. Brass
Non-Metallic*

i. Non-Esthetic

a. Carbon fibre post
ii. Esthetic Post

a. Polyethelene fibre
b. Glass fibre

c. Quartz

d. Ceramic
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V.According to light transmission
1. Light transmitting
2. Non-Light transmitting

VI.According to Vent
1. With Vent
2. Without Vent

VIl.According to Monoblock formation
1. Monobloc formation
2. No Monobloc formation

Monoblock system: This concept gained popularity in
1996 when epoxy resin posts reinforced with carbon fiber
were mechanically connected to root dentin as a
homogenous monoblock. To create a three-dimensional
seal, the root dentin, canal walls, sealer, and obturating
material should all attach to one another and come
together to form a solid, homogenous unit. The phrase
"monoblock effect" refers to this.?®

Depending on the number of contacts between the
bonding substrate and the core bulk material, replacement
monoblocks that are produced in the root canals may be
categorized as primary, secondary, or tertiary. In a primary
monoblock, the root canal wall and the core material make
just one circumferential contact. Secondary monoblocks
include two circumferential contacts between the cement
and the dentin and the cement and the core material. Then
a third circumferential contact is introduced between the
abutment material and the bonding substrate, a tertiary
monoblock is produced. Fiber posts with a silicate coating
or an unpolymerized resin composite known as tertiary
monoblocks are used to fill large canal gaps that cannot
support conventional fiber posts.?®

Post systems will continue to play a significant role in
the restoration of teeth that have undergone endodontic
treatment.  Meta-analysis of long-term  clinical
investigations has revealed that fiber posts have greater
success rates than other post systems.?”?® Due to their
physical similarities to dentin, ability to evenly distribute
functional stresses across the root surface, ease of
application, and aesthetic compatibility with neighboring
tissues and all-ceramic restorations, fiber-reinforced
composite post systems are frequently preferred by
clinicians. To demonstrate whether fiber reinforced
composite post system is more effective and favorable in
clinical applications, further well-designed in vitro and in
vivo investigations are required.?

Primary purpose of every single post is to provide
retention for the core.’® Following factors affect posts’
retention, 13133
Canal shape,

Post size length-diameter,

Form and surface features,

Adhesive materials.

There are a number of different suggestions on optimal

post length313243435 which can be summarized as follows:

1. It should be greater than or equal to length of clinical
crown,

2. It should be half the size of the root,

It should be equal to length of anatomical crown,

4. It should be half the distance between apex and alveolar
crest,

5. It should be long enough to leave 3-5 mm of canal filling
material at the root tip,

6. It should be 2/3 of the remaining root length,

7. It should be 3/4 or more of the root.

w

Post length: Studies have shown that retention and post
length are positively correlated.3®3” However, excessive
increase in post length may lead to disruption of apical
occlusion and/or apical region may be curved, which could
lead to perforations.?

According to Weine, average post length for maxillary
central incisor should be 10.5 mm, and average post length
for maxillary canine should be 9.5 mm.® According to
Amartnath et al., the post material and post length had a
significant impact on the fracture resistance of teeth that
had undergone endodontic treatment. After increasing the
fracture resistance of the teeth by about two-thirds of the
root length after being rebuilt with posts, post length
started to decline. With an increase in FP length, the teeth's
fracture resistance increased correspondingly.3®

Studies have shown that, although threaded posts
maintain retention advantages, they also cause stress
concentration at root tip and lateral walls during mounting
and may cause root fractures around crown-root border.
Hence when choosing a post, make sure root diameter and
post diameter are compatible with each other.>>2°

A number of factors affect post retention®31:3240
including canal shape, post size length-diameter, post
shape, surface features, and adhesive materials.

Studies have shown that retention and post length are
positively correlated.3*3 However, excessive increase in
post length may lead to disruption of apical occlusion
and/or apical region may be curved, which could lead to
perforations.’?

Krupp et al.** reported that the most important factor
affecting post retention was post depth. Rueping et al.*?
reported that increasing post length from 5 mm to 8 mm
increased retention 1.23 times. They also reported that
increasing post length from 7 mm to 11 mm increased post
retention by 30%, and increasing post length from 9 mm to
11 mm increased post retention by 24%. Sidoli et al.*®
reported in their photoelastic study that stress
concentrations could be decreased by increasing post
length.

Post Diameter: While according to some researchers
post diameter is insignificant for retention another study
demonstrated that retention increased by 24% when
diameter was increased in parallel-edged posts tapering
towards the tip, and thus in conclusion they suggested that
post diameter should be 1/3 of root diameter.3*3” Caputo
and Standlee argue for a dentin thickness of at least 1 mm
around the canal.? It was observed that stress increases
when post diameter is increased, and stress on dentin and
tooth supporting structure decreases by using posts smaller
in diameter.* Ideally, post diameter should be determined
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in accordance with anatomy of root canal without intact
tooth tissue loss.?> In a study conducted by using different
post diameters, Hanson and Caputo reported that medium-
sized 0.6-inch diameter posts were more retentive than 0.5
and 0.7-inch diameter posts.*> Another study reported that
minimizing post diameter would not only preserve tooth
structure, but also reduce root fracture risk.3® Weine et al.3
determined that increasing post diameter does not
strengthen tooth structure nor increase retention, and that
stronger retention could be achieved by increasing post
length instead of diameter. Tjan and Whang, reported that
over-expanded canals would cause weaker teeth due
dentin tissue loss, and may lead to fractures as a result of
incoming forces.?® According to Hudis and Goldstein, there
are 3 primary principles for preparing post cavity for teeth
with previous root canal treatment:3°

1- Conservative approach: argues that prepared post
space should be as small as possible.

2- Proportional approach: argues that apical section of the
post should be 1/3 of the diameter at the point it meets
the root.

3- Protective approach: argues that the dentin around the
post should be 1 mm thick all around at minimum.

Surface Characteristics of Posts: It has been proven that
threaded or roughened posts have stronger retentive
properties than smooth ones. Tapered posts are reported
to bear stronger retention by creating small grooves on
post surface and in the canal. Standlee et al.*® reported that
post shape affects retention more than post length.
According to the study, threaded posts are the most
retentive, followed by parallel-edged posts, and tapered
posts are the least retentive ones. One study showed that
post shape is the most important factor in post retention,
with parallel sided posts being 4.5 times more retentive
than tapered ones. Snoek and Creugers conducted a study
to determine whether aluminum or zirconium oxide
coatings could improve retention of non-threaded titanium
posts.*” They concluded that aluminum or zirconium oxide
coated post surface with Panavia 21 adhesive created same
level of bonding as threaded posts. Mansfield et al.*® found
that retention values of glass ionomer cement and resin
cement modified with micro etching increased in tensile
test performed with posts.

Prioritized posts with threads do not contact the canal
wall, but retention reliability on cement is considered
passive, while mechanically treated dentin is considered
active. Active or threaded posts are more retentive than
passive conforming posts, and parallel-edged posts are
more retentive than tapered posts.!!

In their recent study on post retention, Standlee and
Caputo showed that parallel-edged threaded posts are
more retentive than parallel-edged serrated posts, and
parallel-edged posts are more retentive than tapered
smooth surface posts.?’

Active posts with dentin-inserted threads create more
stress during production and mounting than other forms.13
One step backward rotation of active posts, limited by the
number of post grooves in the post canals prior to
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compression, is used in some techniques to remove stress.

Threaded tapered post creates the greatest level of stress

among all post designs. 49 Passive tapered posts contain an

escape route and create a little stress during application.

However, tapered posts, whether active or passive, can

create compression during mounting.1%315051 |n contrast, a

serrated post with parallel-edged cement escape holes

distributes stress more evenly than other designs. 13315051
Post choice depends on tooth root anatomy and shape

of prepared canal.** Tapered posts fit more easily into

endodontically prepared canals, and are more conservative
in their adaptation to tooth structure.

Another significant expectation from posts and cores is
to make sure the lateral forces on remaining tooth
structure are distributed over a wider area.’* Posts
distribute forces on them according to their shape,
diameter and length. While tapered posts are considered to
increase root fracture risk through wedge effect, parallel-
edged posts reduce this risk. Posts mounted solely with
cement distribute the forces on them better. Cement
creates a buffer between the tooth and the post. Same
buffer feature can also be observed in threaded posts.
Increasing post diameter and length helps distribute
occlusal forces better. However, optimum apical dentin
thickness must be maintained while increasing the
diameter.?*

Research on the effect of post shape on stress
distribution has revealed the following results:?

1- Highest levels stress occurs at the apex of tooth cervical
region. Therefore, dentin in this section should be
preserved as much as possible.

2- Stress decreases as the post length increases.

3- Posts with parallel edges can distribute stresses better
than tapered posts.

4- Sharp edges and angles should be avoided due to high
stress that can occur with overload.

5- Very high stress values can occur during placement of
posts with parallel edges with no cement escape route.

6- Threaded posts can reach high stress values during
mounting and utilization.

The Importance of Coronal Tooth Structure in Post
Applications: Cohen and Burns argue that post choice
should be based on amount of remaining dentin, and
classify accordingly?! According to this;

1- Cases where the crown is completely preserved and
access cavity is shaped between crown structures: In
such cases, post application is not necessary. Trope et
al.>? reported that posts applied in such cases increase
fragility.

2- Cases where at least half of the crown remains: A post
suitable for root length is selected Parapost, Flexi-Post,
BCH post, Cl post, Endopost, Boston post systems. The
canal is prepared with a guide bur. After the necessary
procedures for core retention are performed, the post
is cemented. Restoration is then completed with the
crown finished on shaped core material.

3- When less than half of the crown remains and there is
no dentin support: Any post system can be used. Two
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methods can be used to prepare the core. In the direct
method, modelling is conducted in the mouth, and
removed together with the post and sent to casting. In
the indirect method, core is modelled according to
measurements taken while post is in the canal, and sent
to casting. Post alloy and core alloy must be compatible,
or corrosion will cause negative effects on the system.

Ferrule Effect: The metal ring that surrounds the cervical
region of the tooth is a significant element in post
application, preventing root fracture and supporting the
crown. Extending as far as possible in the direction of the
gingiva on the core, the ring will surround the root and
prevent vertical fractures. It will also prevent the post from
rotating due to horizontal forces. It is reported that this
metal ring creating the ferrule effect should surround the
tooth with a width of at least 1-2 mm, and a parallel sidewall
form ending in solid tooth structure.>

For teeth with fillings at the root, a 1.5-2 mm
circumferential ferrule is advised. An partial ferrule,
however, is seen to be preferable to a completely absent
ferrule if the clinical circumstance does not allow for a
circumferential ferrule.> To reduce the risk of unfavorable
failures, it is advised to utilize glass fiber posts with ferrule
heights of at least 1 mm.>* Different research that were
considered have different definitions of ferrule. The ferrule's
height was specified as 2 mm by Cagidiaco et al., but Signore
et al.>>*% described it as a circumferential collar of dentine
with a height of at least 1.5 mm but not more than 2 mm in
teeth that had completely lost their coronal walls. In both
investigations, there were a number of instances where the
loss of tooth structure was not uniform, but the ferrule
height was never less than 1 mm. Ferrari et al.>”*® defined
ferrule as the absence of an axial wall but with at least a 2
mm high collar of dentine that was preserved
circumferentially, whereas no-ferrule defined the absence of
an axial wall but with less than 2 mm height of dentine but
without any description of minimal circumferential dentine.
According to their definition, a ferrule's height cannot range
from less than 2 mm to as low as the gingival edge.>®

Physical Properties of Post Materials: Traditional
prefabricated posts are made of stainless steel, titanium and
its alloys, platinum-gold-palladium, chromium-containing
alloys, or brass.*>?*32 Today, non-metal carbon fiber epoxy
posts are finding more and more applications.*>*°

The modulus of elasticity of metal and the cross-section
geometry of the post determine the vertical stiffness.
Insufficient vertical stiffness causes deformation against
force. Yield strength of post metal must also be high. If the
yield strength is low post and core may be deformed, crown
margins could be widened, and restoration may fail.2*

Allergy and sensitivity potential of nickel among post
materials is also interesting. Biocompatible titanium
appears less radiopaque on radiography than nickel and
stainless steel alloys. Radio opacity of titanium posts is
similar to that of gutta-percha, and radiographic image may
be obscured by other opaque cements. Titanium posts are
difficult to distinguish in root canals filled with condensed
gutta-percha. According to Alacam et al.'?, although

titanium based materials are weaker than nickel chromium
alloys, this difference is clinically insignificant.

Titanium, more commonly used in recent years, is only
half as durable as steel. Modulus of elasticity for titanium is
15 psi, while that of steel is 28 psi. Both yield strength and
tensile strength of titanium are lower than steel. Thus, post
strength is sacrificed to use a biocompatible material. As
properly mounted posts will not come into contact with living
tissue, biocompatibility will not be of much importance.?*

Corrosion on Posts:  Corrosion is responsible for
weakening both post and tooth, leading to root fractures.
Although ion exchange between different metals titanium,
steel, amalgam, gold used to make the post and core is
claimed to be the cause of corrosion, it has been recognized
that the real cause of corrosion is microleakage.*®

Modulus of elasticity and corrosion of posts are factors
to be considered in metal selection.**332%0 Titanium alloys
have the highest corrosion resistance. However, titanium is
much less resistant to fracture than cobalt-chromium-
molybdenum or stainless steel. Stainless steel and brass
both show low corrosion resistance. Platinum-gold-
palladium, cobalt-molybdenum metal alloys and titanium
are the most suitable metals for endurance and corrosion
resistance.!133250 According to Jacobi and Schllingburg,
brass is the least preferred alloy because of its low strength
and low resistance to corrosion. 49 Nickel-containing alloys
are avoided in nickel-sensitive patients.3

Effects of Root Morphology on Post Selection: Both
internal and external contour of the root influence post
selection. All roots end in a narrowing form from cervical
region to the apex. Some especially narrow down even
more in the apical triad. Using parallel posts on such teeth
may cause root perforation, therefore tapered or short
parallel posts should be preferred. However, using tapered
posts creates a wedge effect via force transfer. In addition,
short posts spread the load over a short root area, and thus
their stress distributing function is limited.

If the transverse section of the root canal is oval or
octagonal, preparing a circular post canal would be difficult.
Cast posts may help protect tooth structures while they also
require less apical preparation. Coronal section of cast
posts also provide an anti-rotational feature. If a root canal
can be opened to be equal to or longer than the clinical
crown of the tooth, coronal core and combined parallel
post will be the best option.'?*

Preparation Geometry: Root canals with a circular cross-
section makes post preparation comfortable, whereas root
canals with an elliptical cross-section require root canal
preparation to be tapered, usually at 6°, to eliminate
unwanted undercuts.

Optimal post geometry should include high-strength,
corrosion-resistant material, with adequate retention and
ability to distribute forces appropriately, minimizing the risk
of perforation and tooth structure loss during
application.133237,50

Despite clear disadvantages, researchers defend placing
posts on endodontically treated teeth. However, some
studies have reported that placing posts on teeth with
previous root canal treatment does not strengthen tooth
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structure.1>20°26062 \WWhen tooth is overloaded, stress is
placed on lingual and facial part of the root, while the post
inside the root is minimally affected by this stress.'®>2
Therefore, it is not effective in preventing fractures. 13
There are also those who argue the opposite of this
thesis.6364

Prefabricated post and core system consists of two
parts, the post and the core, the latter being a moldable
filling material. However, the system cannot exist without
an adhesive cement to improve retention and help sealing
along the canal. Regardless of surface configuration and
features, adhesive cement is used when placing posts. Thus
we conclude all three components of a prefabricated post
and core system: prefabricated post, plastic core material,
adhesive cement.

Core Materials

Cores are restorative segments that are removed from
the tooth's post structure where coronal tooth tissues have
been destroyed. The chosen post system and the tooth
tissue should be compatible with the optimal core material.

While the post and core are cast together and assessed
as a unit in cast post-core restorations, core materials for
prefabricated posts might include amalgam, glass ionomer
cement, ceramic materials, and composite resins. Core
materials should have appropriate mechanical qualities
including mechanical resistance, dimensional stability, and
elastic modulus, as well as be simple to use. The core
material of choice has an impact on the stress distribution
seen in the post-core system.®

For ultimate repair, the core provides retention and
resistance. For prefabricated resin composite and glass
ionomer cement post and core systems, amalgam is used
to shape the core.!®!! Amalgam is quite simple to
manipulate and has a high compressive strength and
minimal microleakage. As a temporary repair in situations
when the cast superstructure is delayed, amalgam offers
acceptable wear resistance. Their drawbacks, however, are
their long-term hardness and lack of adherence to the tooth
structure.193286  Despite this, fast-curing high-copper
amalgam has low tensile strength and sufficient
compressive strength within the first hour of preparation.®’
Amalgam cores that are not prepared properly are prone to
breakage.

Studies on the effectiveness of dentin bonding agents
used with amalgam have resulted in a variety of findings.
Mabhler et al.?® observed no distinction in the bond strength
of bonded and unbonded amalgam in two excellent clinical
trials. While Donald et al.5%" discovered in a laboratory
investigation that the use of adhesive bonding with an
amalgam core improves the amalgam's resistance to
brittleness, Belcher and Stewart developed restorations for
retention and discovered an amalgam adhesive that may be
clinically useful.

Despite the development of amalgam bonding systems,
they are unable to achieve the same amount of bonding as
composite bonding systems. Some studies indicate that the
advantages of resin composites include their reinforced
strength, bonding ability, and rapid and simple
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application.1*327%72 However, a significant drawback is their
tendency to microleakage and poor dimensional
stability.1032

Glass ionomer, also known as silver-containing
reinforced glass ionomer, has a low coefficient of thermal
expansion, fluoride release, and demonstrates chemical
and to some extent mechanical attachment to tooth
structure. However, its brittleness and lack of resilience are
clear downsides, 11327173

Modified glass ionomer restorative materials offer the
benefits of being simple to apply, hardening when required,
and preventing early moisture contact; nevertheless, the
resin has the drawbacks of being weaker than composite
resin and lacking resilience in case of loading.”*">

The core material must be simple to apply, quick to
cure, highly resistant, dimensionally stable, have little
microleakage, and be applied with a strong bonding
mechanism, 11327175

AMALGAM CORES: It is a core building component that
is simple to use, has strong mechanical characteristics, and
works well with posts, pins, and other retentive parts.”
When there is adequate tooth tissue left, amalgam core
performs better.”7 Amalgam's thermal expansion
coefficient, limited corrosion resistance, slow setting time,
and unfavorable visual characteristics are only a few of its
disadvantages. Additionally, resin-based cement-bonded
aesthetic crowns cannot be effectively bonded with
amalgam cores.®

GLASS IONOMER CORES: Because of their low
coefficient of thermal expansion, which is comparable to
that of tooth structure, chemical bonds to enamel and
dentin, and the release of fluoride ions, glass ionomer
cements are recommended as core materials. Despite
these benefits, glass ionomer cements with or without
silver are not appropriate for use as core materials because
they lack the necessary tensile strength and fracture
resistance.®®

RESIN CORES: They are favoured in the clinic because to
their simplicity of use, attractiveness, and ability to regulate
polymerization, among other factors. Dentin adhesives and
composite resins can be combined.5°

When used in combination, they offer the tooth
structure a strong bond that increases retention. Due to
their mechanical qualities and benefits in chemical bonding,
they can be used successfully in teeth that have seen a lot
of material loss. Some products' hardness is enhanced up
to the dentin hardness ratio depending on the kind and
quantity of fillers, making further preparation easier. Its
elasticity modules are on level with or higher than those of
dentin, and these characteristics provide the material
increased resistance. When used with all-ceramic
restorations on anterior teeth, it also provides cosmetic
benefits. Border compatibility is a significant issue with
contemporary composite materials. The restoration's
marginal alignment is negatively affected by polymerization
shrinkage, and a space is created between the cavity walls
and the resin. Negative consequences include marginal
discolouration, fracture, and secondary caries might result
from fluids, germs, and ions seeping from this cavity.®
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ceramics as the core material

CERAMIC CORES: The usage of high fracture strength
in anterior teeth has

increased during the past ten years. Depending on the kind
of ceramic employed, these materials can, in addition to the
cosmetic benefit, be chemically linked to the tooth
structure following surface treatments. In the lab, a core
structure can be created by pressing around a post that has
already been prepared, or a post core can be cast in one
piece from glass-infiltrated alumina ceramic. Making the
hide and core structure separately and cementing them
together during placing is an additional alternative.®®

Conclusions

Posts are frequently used to support the restoration of

the crown part in endodontically treated teeth.
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Case Report ABSTRACT

Dental bleaching is one of the preferred treatments by patients to improve facial attractiveness. It is a relatively
simple and conservative technique that makes possible to change dental colour by removing discolorations. Four
different patients applied to Ankara Universty Faculty of Dentistry for whitening treatment at different times. In
clinical examinations, we detected extrinsic discoloration of the teeth. For this reason, we decided to apply office
bleaching treatment (Opalescence BOOST, Ultradent Products INC., USA). First of all, measures ( gums were
covered with gingival barrier (OpalDam Green, Ultradent Products INC., USA), isolation was provided with cotton
pellets ) were taken to protect the lips, gums and oral mucosa. 40% hydrogen peroxide was applied to the
maxillary and mandibular teeth inculuding between the second premolars. After 20 minutes of application,
hydrogen peroxide was carefully removed with water and cotton pellets have been replaced. After that, a second
20 minutes application was made with the whitening agent. When the application period was over, it was
removed with water and the gingival barrier has been removed. Patients were advised to stay away from
products containing coloring dark colors such as cigarettes, tea, coffee, chocolate, red wine, cherries, tomato
paste for two weeks. At the controls two weeks later, it was seen that the aesthetic expectation of the patients
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Introduction

Nowadays, concerns about tooth discoloration have
increased’ as more emphasis is being placed on having a
“beautiful smile”” as an expression of health and vitality,
mainly by media and dental manufacturers of tooth-
whitening products.*® This has increased the popularity of
and demand for dental bleaching.?*® Tooth bleaching is the
most frequently requested procedure by patients because
it is a highly effective and conservative way to improve the
appearance of a patient’s smile when compared to invasive
restorative treatments.? Additionally, dental bleaching
increases the oral health—related quality of life.”® In-office
dental bleaching has been practiced for more than 100
years and has some advantages over at-home bleaching. In-
office bleaching allows close dentist control, avoids
material ingestion, and is associated with reduced total
treatment time, with great potential for achieving some
degree of whitening after one clinical appointment, which
enhances patient satisfaction and motivation.>°
The aim of this multiple case reports is to demonstrate the
in-office bleaching treatment in vital discolored teeth.

Bleaching procedure

After the whitening procedure was explained in detail,
a signed informed consent form was obtained from the
patients who applied to the Department of Restorative
Dental Treatment of the Faculty of Dentistry of Ankara
University with a request for whitening treatment. A
photo record of the treatment was taken from the
patients. The initial tooth color was measured with the
VITA color scale. Color determination was performed with
spectrophotometer from the anterior teeth to be
whitened and recorded in the patient's file. Before the
whitening treatment, the teeth were cleaned with
pumice. 40% hydrogen peroxide containing whitening gel
(Opalescence BOOST, Ultradent Products INC., USA) for
whitening treatment was applied to patients in
accordance with the instructions of the manufacturer. In
order to provide isolation and protect the tissues, lip
retractor, cotton pellets, and dental saliva ejector were
used in the treatment. Before the vital whitening
treatment, a 1-2 m thick, 4-6 mm wide gum protector
(OpalDam Green, Ultradent Products INC., USA) was
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applied from the enamel-gum border to the gum to
protect the gums and polymerized with an LED light
source. Then, the whitening gel in the form of two
adjacent tubes was mixed and applied to the buccal
surfaces of the teeth to be whitened with a thickness of 1
mm. It was left for 20 minutes. At the end of this period,
the gel that lost its effectiveness was washed off with air
water spray and removed from the teeth surfaces and the
teeth surfaces were dried. After the gingival barrier
control, the bleaching agent was applied for the second
time for 20 minutes. At the end of the period, the gel that
lost its effectiveness was removed with air-water spray
and the gingival barrier was removed. After the
treatment, tooth color was determined again according to
the vita color scale.

Case 1

In the clinical examination of 32-year-old female
patient who applied to our department due to the dark
color of her teeth, it was determined that her periodontal
health was good, no caries were found, and she did not
have any pain complaints. It was determined that she did
not have any hereditary disease in her anamnesis and did
not use any systemic medication. The patient's pre-
treatment tooth color was A3 according to the vita color
scale. The tooth color of the patient who underwent the
whitening procedure was recorded as Al according to the
vita color scale after treatment. (Figure 1,2)

Figurel: Photograph of case 1 before the bleaching
treatment

Figure 2: Photograph of case 1 after the bleaching treatment

Case 2

In the clinical examination of 27-year-old female
patient who applied to our department due to the dark
color of her teeth, it was determined that her periodontal
health was good, no caries were found, and she did not
have any pain complaints. It was determined that she did
not have any hereditary disease in her anamnesis and did
not use any systemic medication. The patient's pre-
treatment tooth color was A3 according to the vita color
scale. The tooth color of the patient who underwent the
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whitening procedure was recorded as Al according to the
vita color scale after treatment. (Figure 3,4 )

Figure 3: Photograph of case 2 before the bleaching
treatment

Figure 4: Photograph of case 2 after the bleaching treatment

Case 3

In the clinical examination of 42-year-old female
patient who applied to our department due to the dark
color of her teeth, it was determined that her periodontal
health was good, no caries were found, and she did not
have any pain complaints. It was determined that she did
not have any hereditary disease in her anamnesis and did
not use any systemic medication. The patient's pre-
treatment tooth color was A3 according to the vita color
scale. The tooth color of the patient who underwent the
whitening procedure was recorded as Al according to the
vita color scale after treatment. (Figure 5,6 )

Figure 5: Photograph of case 3 before the bleaching
treatment

Figure 6: Photograph of case 3 after the bleaching treatment
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Case 4

In the clinical examination of 24-year-old female
patient who applied to our department due to the dark
color of her teeth, it was determined that her periodontal
health was good, no caries were found, and she did not
have any pain complaints. It was determined that she did
not have any hereditary disease in her anamnesis and did
not use any systemic medication. The patient's pre-
treatment tooth color was A3 according to the vita color
scale. The tooth color of the patient who underwent the
whitening procedure was recorded as Al according to the
vita color scale after treatment. (Figure 7,8 )

Figure 7: Photograph of case 4 before the bleaching
treatment

Figure 8: Photograph of case 4 after the bleaching

Discussion

In modern societies, the external appearance of the
individual plays an important role in social relations
between individuals. As a result, the aesthetic concerns of
individuals are increasing day by day. Today, with the
development of restorative materials, all kinds of color,
shape, position disorders and problems can be easily
solved. However, whitening of teeth with color problems
by chemical methods is preferred primarily because it is a
more conservative procedure.

The agent that is frequently used in the in-office
whitening treatment of vital teeth is hydrogen peroxide.
Hydrogen peroxide has been scientifically proven to be
harmless and it has been reported that there is no harm
in the use of concentrations >35%, and it does not pose a
toxic or carcinogenic risk to humans.!! In this study, we
used 40% hydrogen peroxide as a bleaching agent.

In order for the bleaching treatment to achieve
effective results in a short time, the rate of decomposition
of hydrogen peroxide should be increased. Thus, the
disintegration of colored molecules by free oxygen

radicals is accelerated.” For this purpose, various heat and
light sources are used in office bleaching applications.®°
However, pulpal irritation and tooth sensitivity may occur
with the use of light or heat application with whitening
agents, so it is recommended to be very careful in heat
and light applications.'>!3 Therefore, we did not use any
heat light source together with hydrogen peroxide, which
we used as a bleaching agent in our study. We did not
detect tooth sensitivity in any of our patients after
treatment.

In various studies, the average number of in-office
visits for whitening has been recommended as 1-6, and
the maximum number of bleaching agent applications in
one session has been reported as 3.2*° In our study, we
applied 40% hydrogen peroxide for 20 minutes in 2
sessions in all cases and achieved the desired color at the
end of the treatment. Patients were advised to stay away
from products containing coloring dark colors such as
cigarettes, tea, coffee, chocolate, red wine, cherries,
tomato paste for two weeks. At the controls two weeks
later, it was seen that the aesthetic expectation of the
patients was met.

Conclusions

In office vital tooth bleaching is an effective treatment
modality that can significantly change the appearance of
teeth. Patient satisfaction has been demonstrated after
use of professionally dispensed bleaching treatment.
Based on the clinical results reported with professional
vital tooth bleaching, it is a viable, esthetic treatment for
the discolored dentition its conservative nature and little,
if any, risk makes it an important part of an esthetic
dentistry treatment plan.
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Case Report ABSTRACT

Recently a visually pleasing smile has become a major concern for the patients; therefore, dental bleaching has
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gained importance due to its safety and great aesthetic results. A female patient presented with intrinsic
discolorated maxillary central incisors after endodontic therapy. Maxillary central incisors were isolated with
rubber dam and 2mm of the gutta-percha was removed in an apical direction beyond the cemento-enamel
junction. Glass ionomer cement was used as a barrier material. Mixture of hydrogen peroxide and sodium

perborate placed in the pulp chamber and the teeth were temporarily restored with zinc phosphate cement.
Following the treatment, a satisfactory aesthetic result was achieved. In this case, using the walking bleach

History

technique was found to be successful in whitening discolored teeth after endodontic therapy. This method can

be recommended as a safe alternative for treating the discolored devitalized teeth.
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Introduction

It is known that discoloration occurs quite frequently in
devital, endodontically treated teeth, usually resulting from
pulpal injuries, contamination of the pulp cavity, pulp tissue
remnants, and root filling materials.? Iron released from
substances induced by the degradation of blood during
hemolysis of erythrocytes can be converted to ferric sulfide
(a black compound), may result in dark staining of the
tooth.?

Many patients find the change in color disturbing and
unaesthetic, especially when their anterior teeth are
affected. In these cases, dental treatment commonly used
by physicians is internal bleaching, also known as
intracoronal or walking bleaching technique. Compared to
alternative treatments such as veneers or crowns, this
bleaching procedure is minimally invasive, with a relatively
low cost.*

However, this technique has some limitations if the
darkening is severe and has lasted for a long time. Concerns
about its adverse effects due to possible recurrence of
darkened color have also been reported.> Moreover,
another very rare side effect is external cervical root
resorption.®

Common bleaching agents used to whiten devital teeth
include hydrogen peroxide, carbamide peroxide, and
sodium perborate.? Among the non-vital teeth whitening
techniques available, the walking bleach is an option which
consists of a combination of whitening agents such as
sodium perborate (powder) and 30% hydrogen peroxide
(liquid); which are added to the pulp chamber and
exchanged every 3 to 7 days. The process is continued until
the desired whiteness is obtained.?”

Currently, the most common devital whitening method
is the walking bleaching technique. In this technique,
mostly sodium perborate paste is mixed with hydrogen
peroxide or water and placed in the pulp chamber. After
that, the tooth is temporarily restored and the process is
repeated at intervals of 3 to 7 days until the wanted result
is obtained.*3° The application is simple, fast and effective
as well as clinically reliable can be listed among the reasons
for the frequent use of this technique.®

The purpose of this case report is to present the walking
bleach technique in non-vital endodontically treated teeth.
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Case Report

A 45-year-old female patient was admitted to Ankara
University Faculty of Dentistry, Department of Restorative
Dentistry with the complaint of discoloration in the two
maxillary central teeth. As a result of clinical and
radiological examinations, it was observed that the teeth
were root canal treated and there were widespread
discolorations on the buccal and palatal surfaces of the
crowns. In order to remove the discoloration, it was
decided to apply bleaching with the "walking bleaching"
technique. To begin the bleaching treatment, an initial
radiograph was taken to assess the conditions of the
endodontic treatment and periodontal tissues. There was
no periapical lesion, endodontic treatment was
satisfactory. Initial photographs of the teeth were taken to
compare the degree of discoloration of the related teeth
before whitening with those after the treatment (Figure 1).
After isolating the teeth with a rubber dam, suitable access
cavities were prepared and the root canal fillings were
removed with a steel round bur 2 mm below the enamel
cement composition (Figure 2). In order to remove the
smear layer formed during this procedure, the cavity was
washed with 5.25% sodium hypochlorite solution followed
by 17% EDTA solution and dried. To prevent leakage in the
coronary region, 2 mm thick glass ionomer cement (Fuji IX,
GC Corporation, Tokyo, Japan) was placed in the canal
openings (Figure 3). Before applying the devital bleaching
agent to the pulp chambers, 37% orthophosphoric acid was
applied to the enamel tissue in the cavity. Sodium
perborate tetrahydrate (TEKKIM Kimya Sanayi, Bursa,
Tirkiye) and 30% hydrogen peroxide (TEKKIM Kimya
Sanayi, Bursa, Tlrkiye) mixture was formed (1gm powder
with 0.5ml liquid) and it was placed in the pulp chamber and
condensed with a wet cotton pellet. Dry cotton was tightly
placed over this the access cavity was sealed with zinc
phosphate cement (Figure 4). The patient was recalled after
1 week for assessment.

At one week visit, both #11 and #21 showed definite
improvement in appearance except near the middle third
of the tooth which still showed discoloration. Hence, the
bleaching procedure was repeated and the patient was
recalled again after 1 week to assess the bleaching results.
At two-week visit, the discoloration was completely
removed and shade of the patient was enhanced. After the
bleaching agent was removed from the pulp chamber by
washing with distilled water, calcium hydroxide (Ca(OH)2)
paste (Calcicure, Voco, Germany)was applied to the cavities
to neutralize the effectiveness of carbamide peroxide, and
sterile cotton pellets were placed on them and the cavities
were temporarily restored with cement. After the removal
of Ca(OH)2 remaining in the cavity in the fourth session,
held one week later, the teeth were permanently restored
with light-cured composite resin material (Clearfil Majesty
Esthetic, Kuraray, Germany) (Figure 5). In the control
performed three months later, it was observed that the
patient did not have any discomfort and the colors of the
teeth remained stable. In addition, no pathology was found
in the radiological examination.
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Discussion

Though the mechanism of bleaching is not clear, it is
based on oxidation. Whitening agents used in dentistry
usually consist of various forms of hydrogen peroxide, such
as hydrogen peroxide, sodium perborate, carbamide
peroxide. 1% Preparations containing carbamide peroxide
are known to have the same oxidizing power as hydrogen
peroxide and sodium perborate.l® When carbamide
peroxide comes into contact with tissue, depending on the
concentration of urea, ammonia, carbon dioxide, hydrogen
peroxide, and the formulation, different levels of oxygen
are released.*!%!! |n the thermocatalytic method, the
released bases used in combination with hydrogen
peroxide, one of several whitening methods, cause a pH
drop in the cervical region of the tooth and ultimately lead
to cervical root resorption.®*?

Therefore, nowadays, the thermocatalytic method is
not preferred for devital teeth whitening, and the walking
whitening technique is often used.® In our study, we
preferred the walking bleaching technique instead of the
thermocatalytic technique to avoid possible cervical root
resorption.

Hansen-Bayless and Davis* reported that to avoid
bleaching agents from reaching the apical region root canal
filling alone is not sufficient. Various researchers have
recommended the use of a cervical insert over the canal
filling to prevent apical and lateral penetration of bleaching
agents and external root resorption.’>® Thus, in our case,
the canal fillings were covered with glass ionomer cement
to prevent the risk of cervical resorption.

Spasser first described the bleaching technique in which
a paste of sodium perborate and water is placed into the
access cavity.'” Nutting and Poe?® modified this technique
when they replaced the water with hydrogen peroxide in
1963 and reported that sodium perborate was more
effective in mixing with hydrogen peroxide instead of
distilled water. In our study, we used a mixture of sodium
perborate powder and 30% hydrogen peroxide as a
bleaching agent.

Holmstrup et al.’® reported that a ratio of 2:1 (g/ml)
bleach mixture of sodium perborate and hydrogen
peroxide is most suitable mix for non-vital teeth bleaching.
In this case, we also used a mixture of 0.5 ml of hydrogen
peroxide and 1 g of sodium perborate powder.

Nutting EB et al.®°reported that for successful whitening
occurs after 2 to 4 sessions, devital whitening agent should
be changed every 3 to 7 days depending on the severity of
the discoloration. In our case, the whitening agent was
changed every 7 days and the desired color change was
observed at the end of 3 sessions.

Following the treatment, the teeth must be restored
with composite resins that have a good enough adhesion to
enamel and dentin to prevent re-infection of the teeth by
microorganisms, for the re-infiltration of dyes into the
tooth and for the durability of the tooth to be improved.?1??
Studies have shown that peroxide or oxygen remaining in
the cavity after bleaching, inhibits polymerization of
composite resins. In addition, the adhesion of composite

resins can negatively be effected by the changes in enamel
structure resulting from bleaching.?® Therefore, to buffer
the acidic pH and prevent possible resorption of the cervical
root, a calcium hydroxide paste placed in the pulp chamber
should be applied within a week after bleaching.?! Studies
have shown that calcium hydroxide applied to the pulp
chamber does not affect the bonding in permanent
restorations.?*

Conclusions

In this case report, it has been shown that the walking
bleach technique, which is used as an alternative to
traditional invasive methods such as metal supported or full
ceramic crowns, composite or porcelain laminates, can be
successfully applied in the discoloration of devital teeth.
This method can be recommended as a safe alternative for
treating with discolored devitalized teeth.
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ABSTRACT

Class Il malocclusions are usually related to growth and mandibular posture. The mixed dentition stage of
development may provide a useful opportunity to embark upon orthodontic therapy to correct a Class Il
malocclusion. Chin cap is a useful appliance in growingpatients that exhibit mandibular prognathis. This case
report aim to describe an early treatment of a Class Il malocclusion by using a chincup. This case report presents

a 9 year-old girl with a functional Class Ill malocclusion and anterior crossbite. She has treated by using chincup

History

for 10 months. The occlusion was elevated with a maxillary appliance, and the maxilla was freed from the

restriction of the mandible. In this way, the maxilla was able to continue its development and the growth of the
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mandible was limited by chincup. Anterior cross-bite was corrected and a positive overjet were achieved. Facial
profile was improved. While posterior rotation of the mandible was expected with the effect of the chincup, SN-

GoGn angle didn’t change in this case. At the end of treatment, a class | relationship and a smooth soft tissue
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Introduction

Class Il malocclusions can be associated with the
mandibular posture and growth pattern of the individual.
Various skeletal and dental compensation components play
arolein the etiology of Class Il malocclusion.! Malocclusion
formation may manifest as maxillary retrognathism,
mandibular prognathism, protrusive maxillary dentition,
retrusive mandibular dentition, and a combination of
these.? Class Il malocclusion can be clinically divided into
two groups: (a) “false or functional Class llI”; mandibular
closure interferes early with the muscle reflex, resulting in
Class llland (b) "true Class Ill"; skeletally Class Il is
observed.?

Forward displacement of the mandible due to early
contact causes anterior crossbite, which is a common
clinical feature of false Class Ill and skeletal Class IlI
malocclusions.*® Skeletal and dent-alveolar components
differentiate between true Class Il and false Class IlI
malocclusion. Patients with true Class lll malocclusion show
a skeletal Class Il pattern characterized by an undersized
makxilla, protruding mandible, or a combination of these
two conditions. In patients with pseudo-Class Il
malocclusion, skeletal Class | malocclusion accompanying
normal maxilla and mandible dimensions is observed.®

In general, the profile of patients with Class Il
malocclusion is concave and the nasomaxillary area is
retrusive. In these patients, protrusion of the lower lip is

evident. The mandibular arch is wider than the maxillary
arch, and negative overjet and reduced overbite are among
the clinical findings.”®

Orthodontists should consider the growth and
developmental period of the patient and the skeletal
factors that cause the anomaly when treating a patient with
Class Ill anomaly. Between growth periods the mixed
dentition stage is among the most appropriate periods to
initiate the necessary treatment to correct a Class Il
malocclusion. Class Ill malocclusions that are thought to
respond to functional therapy should be treated when
growth is active. The chin cap is the first-choice appliance in
the treatment of patients with active growth development
characterized by mandibular prognathia. Chincup allows us
to achieve orthopedic effect as in the treatment with Class
1l activator and face mask.®

This case report aims to describe the early treatment of
a Class Il malocclusion using a chincup.

Case Report

Case History

A 9-year-old female patient was admitted to the
Department of Orthodontics, Faculty of Dentistry, Ankara
University, with a complaint of anterior mandible by her
family. The patient, who did not have a similar anomaly in
her family history, did not have bad habits such as thumb
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sucking, lip biting, and using a long-term bottle. The patient
was breathing through her nose and there was no
respiratory problem. Her medical history was clear and she
had no signs or symptoms of temporomandibular joint
dysfunction. The patient's puberty symptoms were
negative and the patient was in the prepubertal period.
(Figure 1)

According to clinical examination, dental Class Il molar
relationship was present. There was 1 mm left deviation in
the lower midline. The patient has a straight profile. The
freeway area was 4 mm. The DeNevreze maneuver was
positive and the patient was able to move the lower jaw
head-on without external intervention.® (Figure 2)

According to the model analysis; There were -2 mm
overjet, 2 mm overbite, and anterior crossbite (Figure 3).
According to Moyers analysis'; Maxillary arch length
deviation was 0 mm and Mandibular arch length deviation
was 1.5 mm. (Figure 4)

According to the cephalometric analysis'?, she had a
Class | skeletal structure (ANB= 0°). There was a

normodivergent growth pattern (GoGn/SN= 30°).
According to Steiner soft tissue analysis'3, the upper lip was
1 mm retrusive and the lower lip was 2.5 mm protrusive.
(Table 1).

According to the hand and wrist radiographs of the
female patient with MP3= skeletal stage, it was observed
that 86.2% of the skeletal development was completed
(Figure 5).

According to the panoramic radiograph taken, our
patient was in the early mixed dentition period. There were
no missing teeth. (Figure 6)

Positive DeNevreze maneuver!® and skeletal Class |
pattern showed us that this patient was in the Pseudo Class
Il group.3

Treatment goals for this patient were to free the maxilla
from confinement of the mandible, to create an ideal Angle
class I molar relationship, and an ideal overjet and overbite.

Figure 1. (a) Pretreatment photographs

(b) Frontal view

(c) Lateral view

Figure 2. Pretreatment intraoral photographs

Figure 3. Pretreatment overjet and overbite photographs.
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Figure 4. Pretreatment occlusal photographs.

Figure 6. Pretreatment panoramic radiograph.
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Treatment Progress

A tight fit maxillary movable appliance is fabricated
with a vestibule arc and 2 clasps on the upper first
permanent molars. The posterior occlusion of the
appliance was raised (Figure 7). The patient was told to
wear the maxillary appliance all day, except for eating,
contact sports and brushing teeth. She used the chincup,

which consists of a head-supported headgear and a
chinrest placed on the chin, for 12-15 hours per day to
prevent the extreme development of the lower jaw. A
force of 250 g was applied to each side (Figure 8). The
patient was examined and progress of the treatment was
observed monthly by an orthodontist.

Figure 7. Maxillary removable appliance.

Figure 8. Chincup.

Results

Pre and post-treatment lateral cephalograms and
photographs were taken on the same machine by the same
person.

A positive overjet and overbite were obtained after 10
months of the treatment. 1 mm overjet and 2,5 mm
overbite were achieved (Figure 9). According to Moyers
analysis'* after treatment; maxillary arch length deviation
was 0 mm and Mandibular arch length deviation was 0 mm
(Figure 10)

According to the hand and wrist radiographs taken after
the treatment, it was observed that the patient was in the
S skeletal stage and showed 4,4% skeletal growth during
the 10-month treatment period (Figure 11).

Panoramic radiograph taken after the treatment showed
that the patient was still in the mixed dentition period and
the permanent canines tended to erupt (Figure 12).

According to the post-treatment cephalometric
radiograph??, there was a positive increase of 1,5 degrees in
SNA and ANB increased to 1,5 degrees. The SNB had not
changed. The patient's Class | skeletal structure (ANB=1.5")

108

and normodivergent growth pattern (GoGn/SN= 30°) was
preserved. According to Steiner soft tissue analysis®3, the
upper lip protruded 1,5 mm (Table 1), and accordingly, a
positive change was observed in the patient's profile with
growth and development (Figure 13).

In the total superimposition of the pre and post-
treatment lateral cephalogram made according to the
criterias of Bjérk'>; forward and downward growth in the
nasion, maxilla and mandible. The negative overjet became
a positive overjet. Following these, positive changes also
were observed in soft tissue. In the local maxillar
superimposition of the pre and post-treatment lateral
cephalogram made according to the criterias of the Bjérk*>;
along with parallel descent of the maxilla, sagittal and
vertical dentoalveolar development was observed in the
molars and incisors. In the local mandibular
superimposition; a slight anterior rotation in the mandible,
retrusion and dentoalveolar development in incisors,
mesialization and dentoalveolar development in molars
were observed (Figure 14). This female patient in the
prepubertal period will continue to use chincup for control
purposes until her growth and development is over.
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Figure 9. Post-treatment intraoral photographs, overjet and overbite photographs.

Figure 10. Post-treatment occlusal photographs.

Figure 11. Post-treatment hand and wrist radiograph.
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Figure 12. Post-treatment panoramic radiograph.

Figure 13. (a) Post-treatment photographs (b) Frontal view (c) Lateral view

Figure 14. Pre- and post-treatment tracings superimposed

Table 1. Pre- and post-treatment cephalometric analysis.

Pretreatment Post-treatment
SNA (degrees) 76.5° 78°
SNB (degrees) 76.5° 76.5°
ANB (degrees) 0’ 1.5°
SND (degrees) 75° 75°
1-NA (length/degrees) 3mm/22° 3 mm/ 25°
1-NB (length/degrees) 4.5mm /27.5° 2.5 mm/ 22.5°
Pg-NB (length) 0.5 mm 0.5 mm
Holdaway difference (length) 4 mm 2 mm
Interincisal angle (degrees) 130.5° 131°
Occ/SN (degrees) 18.5° 18.5°
GoGn/SN (degrees) 30° 30°

. . . UL=-1mm UL=1.5mm

Steiner Soft Tissue Analysis (length)

LL= 2.5 mm LL= 4.5 mm
IMPA (degrees) 95° 90.5°
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Discussion

Short-term use of orthopedic appliances is an effective
treatment choice in children with Class Il malocclusion
and growing children.'® Bionator'’, Frankel (FR-111)8, chin
cup®, protraction face mask, double-plate appliance?,
Eschler progenic appliance?! are used for treatment of
Class lll. In the treatment of functional Class Il or skeletal
Class lll malocclusions, the suitability of these appliances
is decided following the examination of the patient's
clinical and skeletal measurement values. Treatment of
pseudo or functional Class Ill malocclusion should be
initiated as soon as possible before the patient's growth
development is over. In the early treatment Class IlI
malocclusion, chincup can be used by the patient to stop
the unwanted overgrowth of the mandible.??

In this case, pseudo class lll accompanying anterior
crossbite diagnosed in the prepubertal period were
treated with a maxillary appliance and chincup. The
posterior of the maxillary appliance is elevated. Thus, it
was aimed to free the maxilla from the confinement of the
mandible and to ensure that the maxilla grows
comfortably with normal growth and development
without pressure from the mandible. The purpose of the
chincup application for 12-15 hours is to inhibit the
unwanted forward growth of the mandible.

At the end of the treatment, the negative overjet turned
into a positive overjet. The following positive changes were
observed in the soft tissue. With the use of the posteriorly
raised maxillary removable appliance, anterior crossbite
was eliminated and the maxilla was freed and it could easily
continue its own growth development.

Posterior rotation of the mandible is usually observed
as a result of treatment with the chincup.?® However, in
this case, contrary to expectations, there was a slight
anterior rotation of the mandible. The use of a posteriorly
raised maxillary appliance had a posterior bite block effect
and with a positive overjet the condyle found its proper
place. The condyle was enlarged, the growth angle of the
condyle neck changed with the effect of the chincup and
a slight anterior rotation of the mandible happened.
Mesialization was observed in mandibular molars with the
use of leeway space reserve?*, and retrusion was observed
in mandibular incisors with the effect of chincup.

Conclusions

At the end of the treatmentof thie case, Class | dental
relationship and smooth soft tissue profile were obtained
by using chincup. Raising the posterior bite while using
chincup is an effective recommended method while
treating pseudo Class Il malocclusions in the early growth
period patients and is also seen in the treatment outcome
of this case.
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