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ABSTRACT

INTRODUCTION: The aim of the study is to evaluate of the dental pulp volume change in patients with hypertension (HT) and Type
2 Diabetes Mellitus (DM) on cone-beam computed tomography (CBCT) images with three-dimensional analysis.

MATERIAL and METHODS: The observational cross-sectional study was conducted using CBCT images of patients with at least one
healthy maxillary canine tooth. The patients were classified into three groups according to self-reported systemic diseases: HT group,
Type 2 DM group, and control group. Volumetric (pulp/tooth volume) and linear (pulp/tooth length and pulp/tooth diameter)
measurements were made. ITK-SNAP software (Cognitica, Philadelphia, USA) was used. The measurement values were statistically
compared between the groups.

RESULTS: A total of 90 individuals, 30 individuals in each group, were included in the study. The mean pulp volume of the HT group
(28.1315.89) and Type 2 DM group (25.99+3.13) were lower than the control group (29.06+5.60). However, the mean pulp volume
was not difference between the groups (p>0.05). The mean tooth volume was difference between the groups (p<0.05).

CONCLUSION: : It was found that there was no statistically significant change in the dental pulp volume of HT and Type 2 DM patients
compared to healthy individuals with three-dimensional analysis.

Keywords: Cone-beam computed tomography, diabetes mellitus, hypertension

0z
GIRIS: Bu galismanin amaci hipertansiyon (HT) ve Tip 2 Diyabet (T2D) hastalarinda dis pulpasi hacmindeki degisimin konik-1sinli
bilgisayarli tomografi (KIBT) gériintiileri (izerinde (i¢ boyutlu analiz ile degerlendirilmesidir.

GEREC ve YONTEM: Gézlemsel kesitsel bu ¢alisma, en az bir sadlikl maksiller kanin digi olan hastalarin KIBT gériintiileri kullanilarak
gerceklestirildi. Hastalar kendi bildirdikleri sistemik hastaliklara gére Ug¢ gruba ayrildi: HT grubu, T2D grubu ve kontrol grubu. KIBT
gériintiileri iizerinde hacimsel (pulpa/dis hacmi) ve diizlemsel (pulpa/dis uzunlugu ve pulpa/dis ¢api) élgiimler yapildi. Olgiimler igin
ITK-SNAP yazilimi (Cognitica, Philadelphia, ABD) kullanildi. Olgiim degerleri gruplar arasinda istatistiksel olarak karsilastirildi.

BULGULAR: Her grupta 30 birey olmak lizere toplam 90 birey ¢alismaya dahil edildi. HT grubunun (28.13+5.89) ve Tip 2 DM grubunun
(25.9943.13) ortalama pulpa hacmi kontrol grubundan (29.06+5.60) daha dliisiiktii. Ancak, ortalama pulpa hacmi gruplar arasinda
istatistiksel olarak anlamli bir farklilik géstermedi (p>0,05). Ortalama dis hacmi gruplar arasinda istatistiksel olarak anlamli bir farklilik
gbsterdi (p<0,05).

SONUC: Ug boyutlu analiz ile HT ve Tip 2 DM hastalarinin dis pulpa hacminde saglikli bireylere kiyasla istatistiksel olarak anlamii bir
degisiklik olmadigi bulunmustur.

Anahtar Kelimeler: Diyabet, hipertansiyon, konik-iginli bilgisayarli tomografi
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INTRODUCTION

Hypertension (HT) is a chronic cardiovascular
disease characterized by increased peripheral vascular
resistance, with a worldwide prevalence of
approximately 31.1%.! HT generally has no sign or
symptoms, and it is diagnosed with blood pressure
measurements.” HT is classified into as essential and
seconder. Essential HT is observed in approximately
90% of patients. Seconder HT is seen in about 10% of
patients and secondarily develops in other systemic
diseases.’ HT causes premature and sudden death due to
its association with severe complications such as stroke,
myocardial infarction, heart failure, and kidney
disease.>*

Diabetes mellitus (DM) is a chronic metabolic disease
characterized by hyperglycemia.> DM is caused by
insufficient insulin production in the pancreas glands or
insulin resistance developing in target tissues. Decreased
insulin levels and/or increased insulin resistance can
cause hyperglycemia.® DM is classified into Type 1 and
Type 2. Type 1 DM is a congenital autoimmune disease,
while Type 2 DM is an acquired process associated to
insufficient insulin production and is the most frequent
form.” DM affects various systems and tissues such as the
cardiovascular system, eyes, pulmonary, renal, and oral
tissues. Many serious complications can occur in patients
with DM, including fibrosis, retinopathy, neuropathy,
and cardiovascular diseases.®

The dental pulp is a connective tissue with a
micro—vascularization system without lateral blood
vessel branches.? Many in-vivo, in—vitro, and animal
experiments studies have reported that local and systemic
factors cause changes in the pulp tissue.>’ Systemic
diseases such as HT and DM cause changes at the
microcirculation level in the pulp.®'® In patients with
DM, an inflammatory process is more intense due to
micro— and macrovascular change.!! Furthermore, it has
been showed that DM increases inflammation, fibrosis,
calcification and induced vascularization in the dental
pulp.!*15 In addition to, a recent study has reported that
the pulp volume increased in patients with HT (high
blood pressure) compared to healthy individuals.?

Although the effect of HT on pulp volume has been
investigated,? the possible effect of other frequently
observed systemic diseases on pulp volume has not been
sufficiently investigated. The aim of the present study is
to evaluate of the dental pulp volume change in patients
with HT and Type 2 DM on cone-beam computed
tomography (CBCT) images with three—dimensional
analysis. The null hypothesis was that the HT and Type
2 DM does not influence the pulp volume.

MATERIALS and METHODS

This study was approved by the x University Ethics
Committee (Research code number: 2022-1471,
Date:22.10.2022). All procedures were in accordance
with the Helsinki Declaration. Written consent was
obtained from all participants.

Sample selection and group classification

The observational cross-sectional study was
performed using CBCT images of patients who were
admitted to Department of Radiology Clinic, Faculty of
Dentistry, x University for various dental reasons,
between January and June 2023. No additional CBCT
scan was taken for the study.

Patients who were 40-65 years old, had been
diagnosed with HT or Type 2 DM according to the self-
reported, had the disease controlled, and free from other
systemic disease were included in the study. In addition,
patients without systemic disease were included as a
control group. Patients had at least one health maxillary
canine tooth. The tooth was free from caries, restoration,
prosthetic or endodontic treatment, fracture or pathology,
pulpal calcifications, periodontal bone loss, and trauma.
If the right canine tooth did not meet the criteria, the left
canine tooth was evaluated in the same patient.'® Patients
who took other drugs, smoked, or alcohol consumed, and
CBCT images with insufficient quality were excluded.
The age, sex, and self-reported systemic disease
information of the patients who met the inclusion criteria
were recorded. The patients were divided into three
groups according to self-reported systemic diseases as
follows:

1. HT group: Patients who have been diagnosed with
HT for at least 1 year and whose disease is currently
under control (HT diagnosed by a physician based on
medical records, lifestyle factor, and a systolic blood
pressure > 130 mmHg or a diastolic blood pressure >
80 mmHg). Patients were taking antihypertensive
medications (diuretics, beta blockers, calcium
channel blockers, etc.) for HT. Duration of
medication use ranged from 1 year (minimum) to 9
years (maximum).

2. Type 2 DM group: Patients who have been diagnosed
with Type 2 DM for at least 2 years and whose
disease is currently under controlled (Type 2 DM
diagnosed by a physician based on medical records,
lifestyle factor, and laboratory tests (the fasting
plasma glucose value (FPG >126 mg/dL (7.0
mmol/L)) or the 2-hour plasma glucose value (2-h PG
> 200 mg/dL (11.1 mmol/L)) or HbAlc 26.5% (48
mmol/mol)). Patients were taking antidiabetics
medications through oral (alfa-glucosidase inhibitors,
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biguanides, etc.) for Type 2 DM. Duration of
medication use ranged from 2 years (minimum) to 10
years (maximum).

3. Control group: Patients without any systemic disease.

Volume and linear measurements on CBCT
images

The pulp and tooth volumes were measured as
volumetric measurements, while the pulp and tooth
lengths were measured as linear measurements. All
CBCT images were obtained a PlanMeca ProMax 3D
Mid CBCT unit (Planmeca, Helsinki, Finland) at the
following set: 90 kVp, 8.0 mA, 140x52—mm field of
view (FOV), and 0.4—mm? voxel size.

CBCT image files in Digital Imaging and
Communications in Medicine (DICOM) format were
transferred into ITK-SNAP v.3.4.0 open access software
(Cognitica, Philadelphia, PA, USA) for the volume and
linear measurements. ITK-SNAP software is used for
segmentation and volume measurements of different
anatomical structures including the dental pulp.? The

volume measurements were performed using semi-
automatic segmentation of the software. Firstly, the pulp
volume was measured. The regions of interest (ROI)
were determined in square areas including the canine
tooth by an examiner in all three planar sections (coronal,
axial, and sagittal). The ‘Segment 3D’ tool was used. An
appropriate threshold level (-200 to -50 for the lower
threshold and 400 to 700 for the upper threshold) was
determined. The appropriate level was based on the
visual distinction between the pulp and the dentine using
the contrast differences on the greyscale images.'® When
the ‘Start segmentation’ tool was used, the software
automatically segmented the pulp in the appropriate
level. If necessary, adjustments were made using the
‘Paint brush’ tool. Thus, the three—dimensional (3D)
model of the pulp and the pulp volume in mm® were
obtained with the software. The ratio of the pulp volume
to the tooth volume was evaluated to avoid possible bias
due to the change in the pulp volume of the patients.?
Therefore, the tooth volume was measured by performing
the same procedure (Figure 1).

Figure 1. Volumetric measurements of the dental pulp (A) and tooth (B)

The linear measurements were performed after the
volume measurements. The greatest length of the pulp
and the tooth was measured on coronal section. The
greatest length of the pulp was measured as a
perpendicular line from the most apical point of the root
pulp to the ceiling of pulp chamber. The greatest length
of the tooth was measured as a perpendicular line from
the most apical point of the root to the most incisal point
of the crown. Additionally, the greatest diameter of the
pulp and the tooth was measured in cement—enamel
junction level on axial section (Figure 2). With obtained
linear measurements, ‘pulp length/tooth length’ and
‘pulp diameter/tooth diameter’ ratios were calculated.

All volumetric and linear measurements were
evaluated by one oral radiologist with 5 years of
experience, in a MacBook Air computer (13.3—inch,

Apple, California, USA). Image contrast, brightness, and
zoom were adjusted in a dimmed-light and silent room.
Twenty days after completion of the measurements, 30%
of the sample was re—evaluated to provide the
intra—observer agreement by the same observer.

Statistical analysis

Sample size calculation was based on the post hoc
power analyses using G*Power program (G*Power
version 3.1.9; Heinrich-Heine-Universitit Diisseldorf,
Diisseldorf, Germany) (power (1—f) set at 0.80, a=0.05,
and effect size d=0,33).!” The minimum sample size was
to be found 90 participants (each group as 30
participants).
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Figure 2. Linear measurements of the dental pulp and tooth (A: the length of the pulp and the tooth, on coronal section; B: the
diameter of the pulp and the tooth, on axial section; green line: the pulp measurement; red line: the tooth measurement)

Statistical analysis was performed using IBM SPSS
Statistic software window version 23.0 (IBM SPSS Inc.,
USA). Descriptive statistics was performed for minimum
and maximum values, mean and standard deviations.
Pearson Chi-square test was used to analyze the
difference between sex and the groups. Shapiro—Wilk test
revealed that the data normally distributed. Thus, the
analysis of variance (ANCOVA) was used to compare
age and measurement value between the groups.
Intra—observer agreements were assessed by intra—class
correlation coefficient (ICC) (<0.40; poor, 0.40—0.59;
fair, 0.60-0.74; good, 0.75-1.00; excellent agreement).'3
Statistical significance level was accepted as p < 0.05.

(47.7%) were females and 47 (52.3%) were males. The
mean age was 51.6917.71 years. Table 1 shows the
distribution of participant characteristics by the groups.

Table 2 shows mean measurement values and
statistical analyses obtained by the groups. The mean
pulp volume decreased in the HT group (28.13+5.89) and
the Type 2 DM group (25.9943.13) compared to the
control group (29.06%5.60). However, the mean pulp
volume was not significantly different between the HT,
the Type 2 DM, and the control group (p=0.058).
Therefore, the null hypothesis was accepted. Among the
measurements, only the mean tooth volume showed a
statistically significant difference between the groups.
The mean tooth volume of the Type 2 DM group showed
statistically significant differences (p=0.000). Other

RESULTS . o
measurements showed no statistically significant
A total of 90 participants, 30 participants in each  difference between the groups.
group, were included in the study. Of the participants, 43
Table 1. Distribution of participant characteristics by the groups
HT group Type 2 DM group Control group Total
Participant N=30 N=30 N=30 N=90 "
characteristic Mean+Sd MeantSd MeantSd MeantSd p—vatue
(min-max) (min-max) (min-max) (min-max)
Age 53.6319.23 52.96+7.32 49.5016.58 51.6947.71 0.094
g (40-67) (40-65) (40-65) (40-67)
Female 18 13 12 43 0.251
Sext (60%) (43.3%) (40%) (47.7%)
ex
Male 12 17 18 47
(40%) (56.7%) (60%) (52.3%)

Sd: Standard deviation, min-max: minimum and maximum values, *: n (%)
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Table 2. Mean values of the measurement and statistical analyses according to the groups

Control group

HT group Type 2 DM group N=30
Variable N=30 N=30 MeandtS d (mi p—value
MeanzSd (min-max) MeanzSd (min-max) ean:nax) (min-
Pulb volume 28.1345.89 25.9943.13 29.065.60 0.058
P (20.23-38.59) (19.21-33.13) (21.13-33.14)
Tooth volume 556.32493.37 468.79+73.18° 529.37+58.40 0.000%
(365.78-689.56) (362.45-587.60) (412.67-596.78)
0.04£0.13 0.05£0.01 0.0520.01 0.058
Pulp volume/ Tooth vol
wip volumer S00th voltme (0.01-0.07) (0.04-0.08) (0.04-0.08)
0.63+0.05 0.65+0.05 0.65+0.05 0.195
Pulp length/ Tooth length
wip fength/ T0oth feng (0.55-78) (0.57-0.75) (0.54-0.77)
0.25+0.04 0.27+0.09 0.26+0.03 0.324
Pulp diameter/ Tooth diamet
Wp diameters 200th clameter (0.19-0.36) (0.18-0.63) (0.20-0.35)

Sd: Standard deviation, min-max: minimum and maximum values, *: p value is statistically significant,
3 According to Tukey-test, the Type 2 DM group was statistically different from the other groups.

The intra—observer agreement was found to be
excellent for all measurements (ICC: 0.95; 0.96; 0.93;
0.95; 0.98; and 0.98; pulp volume; tooth volume; pulp
length; tooth length; pulp diameter; and tooth diameter;
respectively).

DISCUSSION

In the present study, we investigated the possible
effect of the two most common systemic diseases, HT
and Type 2 DM, on the pulp volume using CBCT images.
To the best of our knowledge, this is the first study to
compare the pulp volume and tooth volume between two
disease groups and healthy individuals. According to the
findings of the study, no statistical difference was
observed between the pulp volumes of the patients with
HT, the patients with Type 2 DM, and healthy
individuals.

The dental pulp is surrounded by a rigid and inflexible
dentin walls that do not allow expansion of the pulp tissue
volume.!® In recent study, the effect of the change in
blood pressure on the pulp volume has been investigated
by Gomes et al.? They reported that the pulp volume was
significantly greater in patients with high blood pressure
(HT) compared to patients with normal blood pressure.>
Authors explained the finding by some theories. The first
was that increased pressure in pulp tissue, as a result of
high blood pressure, would be injury the odontoblastic
layer of the internal wall of the canal, impairing the
production of seconder dentin by these cells. The second
was that increased pressure in pulp tissue, would be
damage the predentin of the internal wall of the canal. In
contrast to the previous study, there was no statistically
significant difference between the pulp volume of the
patients with HT and healthy individuals in the present

study. This different may mainly be due to the included
patients. While, in the present study, patients with HT
under control and using antihypertensive drugs were
included, the previous study excluded the patients using
antihypertensive drugs.? Since we aimed to observe the
long-term and possible effect of HT on the pulp volume,
we included patients who were diagnosed with HT by
their own physician and who were taking medication. HT
is a chronic, multisystemic disease and one of the best
methods of long-term control is the use of medication.
Considering the medical habits of our country, it is
almost impossible for us to reach patients who have been
diagnosed with HT and do not use regular medication.
Therefore, we considered it appropriate to include only
patients who had a definitive diagnosis of HT by regular
measurements, rather than those for whom we had an
altered blood pressure in their dental examination and
were not taking medication. Also, it should not be
forgotten that the pulp is surrounded by a hard dentin
wall. And this is the most important internal physical
barrier to the conditions that would allow the increase in
pulp volume.

DM is a chronic disease, which causes many
complications on the diverse organs including the dental
pulp in the long-term.!” Many studies found that DM
increases the inflammation and calcification formation in
the dental pulp.'>?° Qin et al. investigated the effects of
metformin, which used in the treatment of DM, on the
proliferation and differentiation of dental pulp cells.?!
The study found that metformin can induce dental pulp
cells differentiation and mineralization in an AMPK
(adenosine 5'-monophosphate-activated protein kinase) -
dependent manner.?! Inagaki et al. researched the
relationship between osteopontin expression and
pathologic calcification in rat diabetic pulp.?? The study
showed osteopontin might be a key molecule involved in
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the increase of pathologic pulp calcifications, which are
frequently observed in diabetic patients.”? Yeh et al.
observed that the amount of pulp cell decreased, and
reparative dentin foci were on coronal pulp chamber of
diabetic mice.?* Due to these effects of DM on the pulp,
it has been recently suggested to investigate the structural
change in the pulp.'*> However, to our knowledge, no
other studies have investigated possible pulp volume
alteration in Type 2 DM patients on CBCT images. Based
on this, we wanted to investigate the possible effect of
DM as well as HT on the pulp volume. In the present
study, there was no statistically significant difference in
the pulp volume between the patients with Type 2 DM
and the healthy individuals. This may be due to the fact
that Type 2 DM patients, as well as HT patients, are well-
controlled, and the pulp is surrounded by hard dentin
tissue.

In addition to the effect of DM on the pulp tissue, its
effect on enamel-dentine has been shown in many such
as in-vivo, in-vitro, and animal studies.>**?> Abbassy et
al. noted that the thickness of enamel and dentine
decrease in mice with Type 1 DM.?* Saghiri et al. showed
that microhardness of enamel and dentine were
negatively affected in diabetic mice group.’ Siudikiene et
al. reported that enamel thickness decreased while
enamel hypoplasia and dental caries increased in
individuals with DM.? In the present study, the tooth
volume statistically decreased in the patients with DM
compared to the patients with HT and healthy
individuals. Since there is no statistical difference in the
pulp volume, this decrease may be due to the amount of
enamel-dentin. This finding is consistent with previous
studies.>?423

Some factors such as ageing, orthodontic treatment,
and regenerative endodontic procedure cause changes
pulp volume.*?*?® Ageing increases the amount of
secondary dentin accordingly the pulp volume
decreases.?® The effect of orthodontic treatment on the
pulp volume depends on diverse factors, such as type or
direction of movement, distribution, and duration of the
force. It has been reported that the pulp volume decrease
and the pulp stone increase after the orthodontic
treatment.'® Guler et al. showed that a statistically
significant decrease of the pulp volume on CBCT images
after surgically assisted rapid palatal expansion.?’ Shetty
et al. found that the pulp volume reduced on CBCT
images after regenerative endodontic procedure.?® Since
previous treatments may cause changes in the pulp

volume, healthy teeth without any previous dental
treatment and trauma were included in the study.
Additionally, there was not statistical difference between
the mean values of the groups.

Many studies suggested that the canine tooth can be
used for the linear and volumetric measurements of the
pulp space dimension.>?%?’ The canine tooth is more
resistant compared to other teeth. The canine tooth is the
single-root tooth with the largest pulp volume. These
factors facilitate the measurements of the pulp space
dimension.? Therefore, the canine tooth was examined in
the present study. In addition, pulp volume/tooth volume,
pulp diameter/tooth diameter, and pulp length/tooth
length ratios were also evaluated to avoid dependence on
a single measurement.

The present study has some limitations. One of the
limitations may be that the systemic disease of the
patients is well-controlled. Maybe that is the reason why
there was no difference between the groups. However,
since the long-term effects of systemic diseases on the
pulp were investigated, it was already expected that the
systemic diseases of the patients would be well-
controlled. Another limitation was that the large voxel
size (0.4 mm?®) could lead to some errors in the volume
measurement. Large voxel size may be insufficient to
detect small volume differences. However, this was an
equal situation for each image, as all samples were the
same voxel size.

CONCLUSION

According to the findings of this study, controlled HT
and Type 2 DM did not cause a significant change in pulp
volume. In other words, it can be said that systemic
diseases under control with regular medication use and
follow-up do not affect pulp volume.

In future researches, the possible effect of systemic
diseases that are not controlled with regular drug use on
pulp volume can be investigated. In addition, it would be
useful to examine the relationship between the tooth
volume, which was the only parameter that showed
significant changes in patient with Type 2 DM, and other
systemic disease with further research.
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ABSTRACT

INTRODUCTION: This study evaluated accuracy of periapical radiographs (PAs) in measuring peri-implant bone defects and
identifying defect types in peri-implantitis patients. Additionally, it assessed the consistency of probing depth measurements using
plastic and metal periodontal probes.

MATERIAL and METHODS: A prospective clinical study included 28 patients (51 implants, 96 defects) diagnosed with peri-implantitis.
Radiographic defect dimensions were measured on PAs using standardized techniques and compared with intraoperative findings.
Defect types were classified based on radiographic and surgical observations. Probing depth measurements were performed using
metal Williams and plastic UNC-12 probes. Statistical analyses included dependent t-tests, Bland-Altman plots, and Kappa
coefficients.

RESULTS: PA radiographs underestimated defect dimensions compared to intraoperative measurements, with mean differences of
0.34 mm (depth) and 0.32 mm (width) (p < 0.001). Repeatability of radiographic measurements was excellent (ICC = 0.997). Moderate
agreement (k = 0.47) was observed between radiographic and intraoperative classifications, with highest concordance for type 1c and
1d defects. Substantial agreement (k = 0.71) was found between metal and plastic probe measurements.

CONCLUSION: Standardized PAs provide acceptable accuracy for assessing peri-implant defects, despite slight underestimation.
Moderate agreement in defect classification supports their clinical utility. Both probes demonstrated substantial consistency,
reinforcing their validity in peri-implantitis diagnostics.

Keywords: Peri-implantitis, dental implants, bone resorption, radiography, periodontal probing

0z
GIRIS: Bu galisma, peri-implantitis hastalarinda periapikal (PA) radyografilerin vertikal peri-implant kemik defekti boyutlarini ve defekt

turlerini belirlemedeki etkinligini degerlendirmistir. Ayrica, plastik ve metal periodontal problarla yapilan sondalama derinligi
6lgtimlerinin tutarlihgi incelenmigtir.

GEREC ve YONTEM: Peri-implantitis teshisi konmus 28 hasta (51 implant, 96 defekt) dahil edilmistir. Standardize PA radyografilerde
defekt derinlikleri ve geniglikleri 6l¢iilerek intraoperatif digiimlerle karsilastirilmistir. Defekt tipleri radyografik ve cerrahi gbézlemlerle
siniflandinilarak uyum analiz edilmistir. Sondalama derinligi, metal Williams ve plastik UNC-12 problarla 6lgiiimiigtiir. Istatistiksel
analizler bagimli t-testleri, Bland-Altman grafikleri ve Kappa analizi ile yapilmistir.

BULGULAR: PA radyografiler defekt boyutlarini intraoperatif 6lgiimlere gére daha dliisiik géstermistir (derinlik farki: 0.34 mm, genislik
farki: 0.32 mm; p < 0.001). Radyografik Olgiimlerin tekrarlanabilirligi mikemmel bulunmustur (ICC = 0.997). Defekt
siniflandirmalarinda orta diizeyde uyum (k = 0.47) belirlenmis, tip 1c ve 1d en yliksek uyumu gdstermistir. Metal ve plastik problar
arasinda gliclii uyum (k = 0.71) saptanmistir.

SONUG: PA radyografiler, peri-implant kemik defektlerinin degerlendiriimesinde gtivenilirdir ancak boyutlar bir miktar diisiik tahmin
eder. Defekt siniflandirmalarindaki orta uyum, cerrahi éncesi klinik kullanimini desteklemektedir. Metal ve plastik problar, peri-
implantitis teghisinde tutarli élgciimler sunmaktadir.

Anahtar Kelimeler: Peri-implantitis, dental implantlar, kemik rezorpsiyonu, radyografi, periodontal sondalama
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INTRODUCTION

Precise diagnosis of peri-implantitis and peri-implant
bone defects comprises a thorough clinical and
radiographic examination. Early detection of these
defects leadsaround

to a more favorable prognosis, while an inaccurate
diagnosis can lead to several undesirable complications
including mucosal recession, and loss of implant
osseointegration.! In order for a bone defect to be
detected on radiographs, the reduction in the amount of
calcified tissue has to reach approximately 30-50%,
which delays the timely and complete detection.??
Histometric,* cadaver’ and clinical studies® have
demonstrated that radiographic assessment may
underestimate peri-implant crestal/marginal bone levels
compared to actual measurements. Notably, factors such
as arch, implant location, placement timing, and alveolar
edge level do not appear to influence this trend.®
Additionally, measurements of peri-implant bone defects
on periapical radiographs (PAs) were found to be
between 0.6-2.3 mm less than measurements during
surgery.”'? The determination of bone level on PAs may
be inaccurate due to distortion in bone width and height
which depends on the angulation of the x-ray beam.!!
Accordingly, the differences between radiographic
measurements and actual defect sizes gain importance in
order to prevent delays in treatment through early
diagnosis. In addition to radiographic measurements,
clinical probing depth evaluations play a crucial role in
the diagnosis of peri-implant bone defects. Studies have
shown that the type of periodontal probe can influence
the accuracy of measurements.'? Plastic probes, which
are often used to avoid damaging implant surfaces, may
yield less precise results compared to metal probes due to
differences in flexibility and tactile feedback. '

In studies comparing the efficiency of various
radiographic imaging techniques for assessing crestal
bone loss around implants, PAs consistently
outperformed panoramic radiography (PR). This is
largely attributed to PR's lower spatial resolution and
non-linear distortions, which lead to a dimensional
deviation of 82% in most cases.!* Cone beam computed
tomography (CBCT) which prevents overlapping of
anatomical structures and allows visualization of buccal
and lingual cortical bone plates in addition to mesial and
distal bone, has been shown to be inferior,'>'8
superior!®?° or similar?! to PAs in detecting peri-implant
crestal bone losses. In vitro design of these studies limits
the interpretation of results since movement artifacts and
soft tissue attenuation are not reproducible in
experimental  conditions.?> In addition to the
measurement of peri-implant bone defect dimensions,
determination of the defect type has been suggested as an
important indicator of therapeutic outcome of

nonsurgical and surgical periodontal treatments.?
Studies demonstrated that narrower defect angles were
more prone to achieve greater radiographic bone fill,?
and circumferential defects were more conducive to
reveal higher changes in probing pocket depth and
clinical attachment level at 6 and 12 months compared to
other defect morphologies.?* CBCT has been reported to
better detect dehiscence and fenestration defects,
whereas PAs were more accurate in the visualization of
interproximal defects, emphasizing their continued role
in the initial assessment of peri-implant tissues.?> CBCT
images suffer from scattering and beam hardening
artifacts, particularly from zirconia dental implants, a
drawback that cannot be improved with the use of metal
artifact-reduction software.?®

There is still no consensus in the literature regarding
whether the morphological characteristics of the defect
have an impact on the prognosis, and therefore initial
acquisition of PAs has been recommended’?’ due to the
high radiation dose, cost and the presence of artefacts
during CBCT imaging.?’” However, few studies have
evaluated the compatibility of PAs with intraoperative
measurements for classification and assessing the size
of vertical bone defects around implants,”2° and only
three of these studies have been conducted in clinical
settings on human subjects.” Therefore, the aim of this
study is to assess the accuracy of PAs in measuring the
size of vertical defects around implants in patients
diagnosed with peri-implantitis, and to determine the
concordance between the defect types identified during
surgery and radiologically. Additionally, we aimed to
assess the agreement between probing depth
measurements obtained using plastic and metal probes
at peri-implantitis sites.

MATERIALS and METHODS
Study Design

Patients referred to the Department of
Periodontology, following clinical and panoramic
radiographic examinations at the Oral Diagnosis &
Radiology outpatient clinic, were included in this
prospective study in a 6-month period. Those with
complaints of bleeding, swelling, and inflammation
around dental implants were enrolled. Detailed medical
and dental histories were obtained, followed by clinical
examinations for all participants.

The general oral clinical examination included the
assessment of oral hygiene, periodontal and mucosal
diseases, occlusal relationships, prosthetic restorations,
and the position and condition of the implants. The
clinical evaluation of the implant sites focused on several
factors, such as the amount of keratinized mucosa around
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the implant, probing depth, and the presence of bleeding.
Additionally, the presence of purulent exudation and the
mobility of the implants were examined. Peri-implantitis
was defined according to Renvert et al.?® as follows: I)
visual evidence of inflammation in the peri-implant soft
tissues along with bleeding on probing and/or
suppuration, 2) increasing probing pocket depths
compared to those recorded at the time of supra-structure
placement, 3) progressive bone loss relative to the
radiographic bone level assessed one year after the
implant-supported prosthetic reconstruction, and 4) in the
absence of initial radiographs and probing depths,
radiographic bone loss of >3 mm and/or probing depths
of >6 mm, combined with profuse bleeding.

Initial radiological evaluations were conducted on
panoramic radiographs. Following the assessments,
patients with vertical bone defects around the implants
were informed about surgical treatment, and those who
chose to undergo surgery were included in the study

based on the inclusion and exclusion criteria outlined
below:

Inclusion Criteria

Presence of at least one radiographic vertical peri-
implant bone defect on a proximal surface, at least one
year after prosthetic loading, according to the
definition of peri-implantitis as described above,?

Root-shaped, tissue or bone-level design dental
implants,

Implants positioned at an angle of no more than 25° in
the vertical plane.

Class 1 bone defects according to the Schwarz et al.?
peri-implant defect classification (Type 1b, 1c, 1d and
le) (Figure 1).

Consent to participate

1c

1d

o

Figure 1: Peri-implant defect classification according to Schwarz et al.?

Exclusion Criteria

Presence of systemic diseases that contraindicate
surgery, pregnancy, or lactation,

Failure to comply with necessary oral hygiene
recommendations,

Cases where the distance between two implants is
insufficient to assess vertical/horizontal bone loss,

Class 2 bone defects.?

The study design was approved by the Ethics
Committee of Ege University, Faculty of Medicine

(2018, Decision No: 18-9/22). Individuals who agreed to
participate were required to sign an informed consent
form prepared in accordance with the revised Helsinki
Declaration from the 64th General Assembly.

Preoperative Clinical Measurements

Preoperative clinical assessments at the initial visit
included measurements of the width of keratinized
mucosa, modified gingival index and modified plaque
index, and probing depth. The keratinized mucosa was
measured on the mid-buccal surface of the implants using
the Roll technique. Probing depth was measured after
removing the suprastructures to minimize errors related
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to probing angulation. To ensure the examiner's
calibration and assess the repeatability of probing depth
measurements, 28 implants (112 surfaces in total) were
measured twice, 24 hours apart, on the mesial, distal,
buccal, and oral surfaces. Repeatability was evaluated
using Weighted Kappa analysis, showing high agreement
with a xw of 0.91.%

Measurements were performed twice using metal
Williams and plastic UNC 12 probes. The values from
four surfaces (mesial, distal, buccal, oral) around the
implants were rounded to the nearest millimeter and
recorded. A gentle force of approximately 0.25 N was
applied during probing (Figure 2).

Figure 2: Probing depth measurements using (a) Williams
probe and (b) plastic UNC-12 probe on distal aspect of an
implant with a peri-implant vertical defect.

Preoperative Radiological Examination

PA radiographs were obtained with the Digora
Optime storage phosphor plates (SPP) system (Soredex
Corp., Tuusula, Finland) using intraoral film holders
(Dentsply/Rinn Corporation, Elgin, IL) to keep the plates
parallel to the long axis of the teeth. A size #2 SPP was
used for all exposures. Radiographic images were
captured before removing the suprastructures to ensure
the film holder remained in a fixed and stable position.
However, if over-height prosthetic restorations
obstructed parallel placement of the film to the implant,
images were taken after the restorations were removed.
Prior to imaging, two fully round metal wires, each 10
mm in length and 0.6 mm in thickness, were attached
parallel to the short and long edges of the phosphor plate,
with one wire positioned horizontally and the other
vertically. SPPs were exposed with a Gendex Oralix DC
dental x-ray unit (Gendex Dental Systems, Milan, Italy)
operating at 60 kVp, 7 mA, 0.25 sec., and the plates were
scanned immediately after exposure. The images were
transferred to a personal computer with 8-bit contrast
depth in TIFF format (Toshiba Satellite U50t-A-10P
Core 15-4200U) and saved using coded identifiers for
each implant surface to mask patient data. The images
were examined in a quiet room with appropriate lighting,
and the radiographic peri-implant defect type’ was
determined by one of the investigators who was blinded

to the patient selection process and initial panoramic
radiographical examination (AG).

Linear radiographic measurements were conducted
using a Java-based software (Image-J 3.0, NIH,
Bethesda, USA), employing the 10 mm wires as
reference objects in the relevant planes (Figure 3). The
vertical defect depths on mesial and distal surfaces of the
implants were measured as the distance from the most
coronal point of the alveolar crest (projected onto the
implant body) to the deepest point of the defect. Defect
width measurements were taken as a horizontal line
extending from the mesial and distal surfaces at the most
coronal point of the alveolar crest to the implant body
(Figure 3). The measurements were conducted by the
same blinded examiner who carried out the radiological
defect classification (AG). All measurements were
repeated 3 times, and the mean of the three measurements
was considered as the average defect depth and defect
width. The same examiner re-measured defect depths and
widths, and re-evaluated defect types on a randomly
selected half of the PA images one month later.

Figure 3: Class 1, type d peri-implant bone defect and two 10
mm metal wires attached to the phosphor plate, aligned in
horizontal and vertical planes. Defect width (a, b) and defect
depth (c, d) measurements on distal and mesial aspects of an
implant with a peri-implant vertical defect.

Surgery and intraoperative measurements

All  surgical procedures and intraoperative
measurements were conducted by the same investigator
responsible for patient selection and the preoperative
clinical assessments (AT). Local anesthesia was applied
to the surgical site using a solution of 2% lidocaine with
1/100,000 epinephrine (Jetokain®, Adeka Ilag San Tic
As, Turkiye). A full-thickness flap was raised from both
the vestibular and oral surfaces, and granulation tissue
within the flap and around the implant was carefully
excised. The defect depths on mesial and distal surfaces
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of the implants were measured as the distance from the
most coronal point of the alveolar crest (projected onto
the implant body) to the deepest point of the defect using
a blunt-tipped spreader with a plastic stopper (Figure 4).
Defect widths were measured as a horizontal line
extending from the mesial and distal surfaces at the most
coronal point of the alveolar crest to the implant-
abutment junction. The distance from the tip of the
spreader to the edge of the plastic stopper was then
measured using a digital caliper (BTS-12043, Newland
Industrial Co, Zhejiang, China) with a precision of 0.01
mm. Each measurement was performed three times, and
the arithmetic mean was calculated and recorded.
Additionally, the intraoperative peri-implant defect type
was determined during this process.’

|
. L

Figure 4: Intraoperative (a) defect depth and (b) defect width
measurements on the distal aspect of an implant with a peri-
implant vertical defect.

Treatment decisions were based on the prognosis
classification by Froum and Rosen.’® Following
measurement completion, interventions such as resective
or regenerative peri-implantitis treatment, or implant
removal, were chosen according to defect size, implant
survival prognosis, and available bone support. Patients
were provided with postoperative care instructions and
monitored closely for any complications.

Statistical Analysis

The minimum sample size required to evaluate the
agreement between radiographic and intraoperative
measurements at 80% power and p=0.05 significance
level was calculated using G* Power 3.0 software
(Heinrich- Heine- Universitdt, Diisseldorf, Germany),
which revealed a sample size of 89 proximal defects.

Descriptive data included the modified gingival
index, modified plaque index scores, and keratinized
mucosa measurements. Weighted Kappa was applied to
evaluate the compatibility of preoperative probing depth
measurements using metal Williams and plastic UNC-12
probes. The Kappa coefficient was used to assess
interobserver agreement for radiographic defect type
classification. The repeatability of radiographic defect
depth and width measurements was assessed with
intraclass correlation coefficient (ICC).

The agreement between radiographically and
intraoperatively identified defect types was evaluated
using Kappa coefficient. The differences between
radiographic and intraoperative measurements of defect
depth and width were assessed using a dependent sample
t-test, with Bland-Altman plots presented alongside the
analysis. All statistical analyses were performed using
SPSS Version 21.0 (IBM, Armonk, NY), with results
evaluated at a 95% confidence interval and a significance
level of p=0.05.

RESULTS

A total of 88 patients with bleeding, swelling, and
inflammation around dental implants were initially
assessed. Of these, 37 met the inclusion criteria. Among
them, 5 did not attend their scheduled appointments, 3
chose to continue treatment in private clinics, and 1 was
excluded due to insufficient communication and
cooperation. Therefore, 28 patients were ultimately
included in the final analysis.

The study included 28 patients (10 males and 18
females), aged between 35 and 74 years. A total of 51
implants and 96 vertical defects were evaluated across
these patients. Among the 51 implants, 34 were located
in the mandible (comprising 7 canines, 9 premolars, and
18 molars), while 17 implants were situated in the
maxilla (including 3 canines, 8 premolars, and 6 molars).
The mean width of keratinized mucosa was determined
to be 1.65 + 1.30 mm, while the modified gingival index
was 2.06 £ 0.61 mm, and the modified plaque index was
2.04 + 0.78 mm.

Probing depth measurements were obtained from 204
surfaces (mesial, distal, buccal, oral) surrounding 51
implants using Williams and UNC-12 probes. The mean
probing depth was 6.75 + 1.41 mm with the Williams
probe, and 6.62 + 1.23 mm with the UNC 12 probe. The
compatibility between measurements was assessed using
the Weighted Kappa, yielding a k«w value of 0.71,
indicating a substantial agreement between the two
probes (standard error: 0.02, 95% CI: 0.66-0.75).%

Defect type

The type and distribution of vertical peri-implant
defects as determined on PA radiographs and during
surgery are presented in Table 1. The interobserver
agreement for radiographic defect type classification was
calculated as k=0.88, signifying a strong level of
concordance.?

Based on intraoperative evaluations, the most
common peri-implant defects were type 1lc (39.2%),
followed by type 1d (29.4%), type le (27.5%), and type
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Ib (3.9%). The highest agreement between PA
radiographs and intraoperative assessments was observed
for type 1c (25.4%) and type 1d (23.5%) defects, while
the lowest agreement was found for type 1b. The Kappa

coefficient for the compatibility between PA radiographs
and intraoperative assessments was calculated as 0.47,
indicating moderate agreement.?’

Table 1: The frequency of peri-implant defect types as determined on PA radiographs and intraoperatively.

PA radiographs Intraoperative
Defect t
efect type n (%) n (%)
1b 0 (0) 239
1c 21 (41.2) 20 (39.2)
1d 14 (27.5) 15 (29.4)
le 16 (31.4) 14 (27.5)

Defect depth and defect width

Table 2 presents the mean intraoperative and
radiographic measurements of defect depth and width for
both mesial and distal peri-implant defects. The
repeatability of the measurements on PA radiographs was
determined to be excellent, with a high reliability
demonstrated by an ICC of 0.997.3' The intraoperative
measurements of defect depths, while comparable, were
statistically higher than those obtained from periapical
radiographs for both mesial and distal peri-implant
defects (p<0.001). The average difference between
defect depth measurements (both mesial and distal) was
calculated as 0.34 + 0.37 mm, with a 95% CI of [0.74,

Agreement between
PAs and
intraoperational
assessments

n (%)
0 (0)
13 (25.4)
12 (23.5)
8 (15.7)

Kappa

D y 1
coefficient S 795 C

0.47 0.1 | 0.28-0.66

1.00] (p <0.001). In none of the cases did PA radiographs
overestimated the defect depths compared to
measurements during surgery. Figure 5a illustrates the
scatter plot comparing mean intraoperative and
radiographic defect depth measurements, with the
line y=x indicating where the measurements are equal. A
greater proportion of data points fall below the y=x line,
indicating that radiographic measurements tend to
underestimate defect depth compared to intraoperative
measurements (p<0.001). Additionally, Figure 5b
presents a Bland-Altman plot, where the x-axis
represents the mean intraoperative and radiographic
measurements, while the y-axis displays the difference
between these measurements.

Table 2: The mean and SD of intraoperative and radiographic measurements for peri-implant defects (mm).

Intraoperative Radiographic Defect depth Intraoperative Radiographic Defect width

defect depth defect depth difference defect width defect width difference

Mesial periiml 0.34+0.36 0.54+023

deﬁ:‘;s peri-implant 4.27+0.69 3.93+1.05 (p<0.001) 2.57+0.42 2.03+0.19 (p<0.001)
95 % C1[0.96, 1.38] 95 % CI[0.75, 1.07]

) B 032041 0.17+0.15

Dista periimplant 4434072 411113 (p<0.001) 245+065 | 2284081 (p<0.001)
95 % CI1[0.66, 0.97] 95 % CI[0.63, 0.92]

0.34+0.37 0.32+£0.06

Mean 4.34+0.59 3.99+0.96 2.13+£0.19 1.80+0.13

95 % CI1[0.74, 1.00]

Similarly, intraoperative defect width measurements
were statistically greater than those obtained from PA
radiographs, with a mean difference of 0.32 = 0.06 for
both mesial and distal defects and a 95% confidence
interval [0.74, 0.95] (p<0.001). The measurements from
PA radiographs were lower than those obtained during
surgery for all cases. The comparison between mean
intraoperative  and  radiographic  defect  width

95 % CI1[0.74, 0.95]

measurements is presented in Figure Sc, where the y=x
line represents equal measurements. Data points below
this line indicate that radiographic measurements tend to
underestimate defect width compared to intraoperative
measurements (p<0.001). Figure 5d shows a Bland-
Altman plot, with the x-axis representing the mean of
intraoperative and radiographic measurements, and the y-
axis showing the difference between these values.
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Figure 5: A) Scatter plot displaying the defect depth measurements obtained from PA radiographs and during surgery. B) Bland-
Altman plot-The mean intraoperative and radiographic defect depth measurements, and the difference between these measurements
(mm). C) Scatter plot displaying the defect width measurements obtained from PA radiographs and during surgery. D) Bland-
Altman plot-The mean intraoperative and radiographic defect width measurements, and the difference between these measurements

(mm).

DISCUSSION

Detection of peri-implant bone loss requires
radiographic and clinical assessment with longitudinal
monitoring. Accurate detection is essential to prevent
complications, preserve implant stability, and ensure
favorable outcomes.!? Current evidence supports PA
radiography as the first-choice imaging method when
peri-implant disease is suspected,”®3? owing to its
accessibility, low cost, patient comfort, and high spatial
resolution. Nevertheless, only a few studies™ have
directly compared PA findings with intraoperative
measurements of vertical bone defects. Serino et al.”
assessed 46 implants and found PA radiographs
underestimated bone loss by 0.6—0.7 mm, with only 21%
of radiographic assessments matching intraoperative
findings. Garcia-Garcia et al.® also reported significant
underestimation (0.8 mm mesial, 1.5 mm distal) and poor
concordance in defect morphology, with type le defects
frequently classified as 1d. Christiaens et al.” examined
50 implants and noted even greater discrepancies, with
PAs underestimating bone levels by an average of 2.3
mm.

Our findings are consistent with these reports,”
confirming the tendency of PA radiographs to
underestimate defect size. However, the degree of

underestimation in our study (0.34 mm depth, 0.32 mm
width) was smaller. This improved accuracy may be
attributed to the use of film holders, the paralleling
technique, and calibration with vertical and horizontal
reference markers, which minimized distortion and
improved scaling across planes. Unlike Garcia-Garcia et
al.,® who reported poor agreement, we observed moderate
concordance between PA and surgical classifications.
Agreement was highest for types lc and 1d, the most
common defects in our sample. These morphologies,
characterized by dehiscence combined with intrabony
components, may be easier to recognize radiographically.
In contrast, type 1b defects were rare (3.9%), reflecting
their lower clinical prevalence and the difficulty of
detecting buccal-only defects radiographically. The
findings of the present study align with those of the prior
reports,” indicating that PA radiographs tend to
underestimate defect dimensions when compared to
intraoperative  measurements. However, although
statistically lower than surgical measurements, the defect
measurements on PA radiographs in the present study
were less underestimated than previously reported, with
a mean difference of 0.34 mm for defect depth and 0.32
mm for defect width. The accuracy and reliability of
intraoral radiographs for assessing peri-implant diseases
depend heavily on the standardization of technical factors




Alptekin et al., 2026

and X-ray geometry, particularly the spatial alignment
between the image receptor plane, the teeth, and the
central X-ray beam.3? Optimal imaging results occur
when the X-ray beam is positioned perpendicular to both
the long axis of the teeth and the plane of the image
receptor, minimizing distortion of the teeth and
surrounding periodontal structures. In addition to the use
of film holders and the paralleling technique in the
present study, the minimized discrepancies between PA
radiographs and intraoperative measurements may be
attributed to the incorporation of two distinct reference
materials-one positioned vertically and the other
horizontally-to improve calibration accuracy across
multiple planes. This dual-reference approach likely
minimized dimensional distortions by providing more
precise scaling for measurements, resulting in a closer
approximation to intraoperative dimensions.
Additionally, unlike the findings of Garcia-Garcia et al.,?
who reported poor agreement, our results showed a
moderate level of agreement between surgical
assessments and PA radiographs in determining defect
type. The highest agreement between PA radiographs and
intraoperative assessments occurred with type lc and
type 1d defects, which were also the most commonly
identified defect types during surgery. Type lc defects,
characterized by buccal bone dehiscence in combination
with a circumferential defect, and type 1d defects,
defined by buccal and oral bone dehiscences along with
mesial and distal intrabony defects, may present specific
features that enhance their detectability on PA
radiographs.? The higher prevalence of these defect types
in our study population could also enhance radiographic
familiarity, potentially increasing diagnostic accuracy for
these configurations. By contrast, the frequency of type
1b defects was very low in our sample (3.9%). This may
reflect the relative rarity of this defect configuration in
clinical settings, as well as the inherent difficulty of
detecting buccal-only defects radiographically compared
to circumferential or combined morphologies.

Accurate detection of bone defects is influenced by
their size, regardless of the imaging modality used, since
radiographic evidence becomes visible only after 30-50%
of bone has resorbed.’> PA radiographs may
underestimate the extent of bone loss in less extensive
defects, particularly in the early stages of periodontal
disease,*® especially when the paralleling technique with
film holders is not used during image -capture.>
Furthermore, the two-dimensional nature of PA
radiographs limits their assessment in providing a
comprehensive view of the bucco-lingual aspects of the
interproximal bone.>* CBCT imaging is the method of
choice for early detection of peri-implant bone loss and
assessment of defect morphology in these cases. In
previous studies, the diagnostic accuracy of CBCT for
peri-implant bone loss varied based on study design and
defect morphology.’>* 1In cadaver models, CBCT
generally showed good sensitivity and specificity for

circumferential and infrabony defects but lower accuracy
for dehiscences.’”® In animal studies, it either
overestimated or underestimated defect size, depending
on factors such as defect configuration, location, and the
presence of imaging artifacts like scattering and beam
hardening.?”* A recent integrated review? on the use of
CBCT for detecting peri-implant bone defects noted that
CBCT could overestimate or underestimate the severity
of bone loss, generally with an error margin within 1 mm.
Its accuracy decreased for defects smaller than 3 mm,
limiting its sensitivity for detecting early peri-implant
bone loss.*” While CBCT was more effective than PA
radiography for identifying dehiscence and fenestration
defects, PA radiographs were more precise in assessing
interproximal defects, underscoring their importance in
the initial evaluation of peri-implant inflammation.
Additionally, studies have shown that PA radiographs
demonstrate higher inter-observer consistency compared
to CBCT in detecting peri-implant bone defects,*! while
both imaging options exhibit clinically acceptable
performance for assessing these defects. The primary
concern with CBCT examinations lies in the limited
evidence supporting its use for diagnosing intrabony and
furcation defects,’>*>* and its application may not
significantly influence treatment decisions to warrant the
associated high radiation dose. Therefore, it may be
suggested that the use of film holders, the paralleling
technique, and reference materials of known length
positioned both vertically and horizontally can improve
alignment between PA radiographic and surgical
measurements, highlighting the continuing potential of
calibrated PA radiographs as a reliable and minimally
invasive tool for assessing defect depth and type.3>4>4

The secondary aim of this study was to evaluate the
consistency between probing depth measurements
obtained with plastic and metal probes in peri-
implantitis-affected areas. While the Williams probe
recorded a slightly higher mean probing depth compared
to the UNC-12 probe, the results showed substantial
agreement between the two, as indicated by a kw value
of 0.71. This highlights the reliability and suitability of
both probes for assessing peri-implant probing depths
and conducting consistent, accurate clinical evaluations
of peri-implantitis.

Several limitations should also be considered when
interpreting these results. The relatively small sample
size may restrict the generalizability of the findings,
although this reflects the realities of clinical practice
where patients may miss appointments, change treatment
preferences, or be unable to complete follow-up. In
addition, only Class 1 defects (types lb—le) were
included, meaning the results cannot be directly
extrapolated to other defect morphologies. Another
limitation is the absence of CBCT as a complementary
reference standard; although intraoperative findings were
used as the gold standard, future investigations
incorporating CBCT could provide a more
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comprehensive three-dimensional assessment of peri-
implant bone defects. Finally, the two-dimensional
nature of PA radiographs restricts the evaluation of
buccal and lingual bone plates, which may lead to
underestimation of defect dimensions compared with
intraoperative measurements.

CONCLUSION

The PA radiographs, when standardized with film
holders, the paralleling technique, and calibrated
reference materials, demonstrate reliable accuracy in
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ABSTRACT

INTRODUCTION: This study evaluated the prevalence and morphological characteristics of the second mesiobuccal (MB2) canal in
maxillary first and second molars using cone-beam computed tomography (CBCT) images obtained from patients who presented to
the Faculty of Dentistry at Usak University.

MATERIAL and METHODS: In this retrospective study, CBCT data from 427 patients obtained from 2018 through 2025 were analyzed. The
images were evaluated using RadiAnt DICOM Viewer software by two specialists in oral and maxillofacial radiology and four endodontists.
The presence and configuration of the MB2 canal were classified according to Vertucci’s classification. The prevalence of MB2 canals was
compared according to gender and tooth type using the chi-square test, with a p-value <.05 considered statistically significant.

RESULTS: The MB2 canal was detected in 61.6% of the maxillary first molars and in 38.4% of the second molars. The prevalence of
MB?2 canals was higher in males than in females in both maxillary first (p =.017) and second molars (p =.039). According to Vertucci’s
classification, the most frequently observed canal configuration was Type ll, followed by Type IV.

CONCLUSION: Although the MB2 canal was more frequently observed in maxillary first molars, it was also detected at clinically relevant
rates in maxillary second molars. Gender and tooth type were identified as significant variables influencing the presence of the MB2
canal. Therefore, the use of three-dimensional imaging techniques, such as CBCT, is essential in endodontic treatment planning,
particularly for maxillary molars with complex root canal anatomies, in order to enhance treatment success.

Keywords: Endodontics, Dentistry, Cone-Beam computed tomography, Root canal therapy

0z
GIRIS: Bu ¢alismanin amaci, Usak Universitesi Dis Hekimligi Fakiiltesi’ne basvuran hastalarin konik iginli bilgisayarli tomografi

(CBCT) gériintiileri araciligiyla maksiller birinci ve ikinci molar dislerde mezyobukkal ikinci (MB2) kanalin gériilme sikligini ve
morfolojik 6zelliklerini degerlendirmektir.

GEREC ve YONTEM: Bu retrospektif ¢alismada, 2018-2025 yillan arasinda CBCT gériintiilemesi yapilan 427 hastaya ait veriler
degerlendirilmistir. Gértintiiler, RadiAnt DICOM Viewer yazilimi kullanilarak iki Agiz, Dig ve Cene Radyolojisi ve dért Endodonti uzmani
tarafindan analiz edilmigtir. MB2 kanalin varligi ve konfiglirasyonlari, Vertucci siniflamasina gére siniflandiriimistir. Cinsiyet ve dis
tipine gére MB2 kanalinin gériilme sikligi, ki-kare testi ile karsilastiriimis; p <.05 degeri istatistiksel olarak anlamli kabul edilmisgtir.

BULGULAR: MB2 kanali, birinci maksiller molar dislerde %61.6, ikinci molarlarda ise %38.4 oraninda saptanmistir. MB2 kanall
prevalansi, erkeklerde kadinlara gére hem maksiller birinci (p =.017) hem de ikinci molarlarda (p =.039) daha yiiksek bulunmustur.
Vertucci siniflamasina gére en sik gézlenen konfiglirasyon Tip II’dir; bunu Tip IV takip etmektedir.

SONUG: Mezyobukkal ikinci kanal, maksiller birinci molar dislerde daha yiiksek siklikta gériilmekle birlikte, maksiller ikinci molar
dislerde de klinik olarak g6z ardi edilemeyecek oranlarda tespit edilmistir. Cinsiyet ve dis tipi, MB2 kanal varligini etkileyen anlamii
degiskenler olarak belirlenmistir. Bu nedenle, 6zellikle kompleks kék kanal anatomisine sahip maksiller molar dislerde, endodontik tedavi
planlamasinda CBCT gibi li¢ boyutlu gériintileme ydntemlerinin kullaniimasi, tedavi bagarisini artirmak agisindan 6nemlidir.

Anahtar Kelimeler: Endodonti, Dis hekimligi, Konik 1sinli bilgisayarli tomografi, Kbk kanal tedavisi
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INTRODUCTION

Achieving a successful outcome in root canal
treatment requires comprehensive shaping, thorough
microbial elimination, and dense 3D obturation of the
complete root canal system.! Achieving these targets
requires an accurate understanding of root canal
morphology and the possible presence of additional
canals.!? Inadequate knowledge in this regard can lead to
insufficient debridement and obturation, which are
among the primary causes of endodontic treatment
failure.? Root canal treatment of maxillary molars tends
to have the greatest rate of clinical failure, largely due to
the complex canal configurations in mesiobuccal roots.
Failure to detect and treat the second mesiobuccal (MB2)
canal is considered one of the main factors adversely
affecting the longevity of root canal treated maxillary
molars.*

The root canal structure of maxillary molars has been
analyzed in studies employing various techniques. These
analyses have included different cleaning methods
applied to extracted teeth, radiographic imaging
procedures using endodontic files during treatment,
examination of the pulpal floor with scanning electron
microscopy, and assessment of serially sectioned teeth.*
Additionally, the clinical examination of maxillary molar
root canal structure has been performed using
magnification devices,® retrospective analysis of
periapical radiographs of previously treated teeth,® and
advanced imaging techniques such as cone-beam
computed tomography (CBCT).*

Since its introduction into dentistry in the 1990s,
CBCT has provided significant advantages by
overcoming the limitations of conventional 2D
radiography and offering 3D imaging capabilities.” As
CBCT enables detailed evaluation of both the internal
and external structures of the tooth, it is considered one
of the primary imaging techniques recommended for
assessing the anatomical and structural features of the
root canal system.® Scientific studies on CBCT
applications have demonstrated their high reliability in
endodontic diagnosis and treatment planning. When used
within appropriate clinical protocols, CBCT offers
critical advantages, such as a limited field of view (FOV),
high spatial resolution, and relatively low radiation
exposure to the patient, making it particularly valuable
for detailed assessment of root canal morphology and 3D
reconstruction of the root canal system.’

The anatomy of teeth and pulp tissue can vary
significantly among individuals. Studies on the internal
and external structures of teeth have revealed the
presence of complex and diverse anatomical variations
across all tooth groups.'? Several individual factors, such
as ethnicity, age, and gender, have been reported to

influence the development of these variations in root
canal morphology.? Therefore, a detailed understanding
of root canal anatomy in various ethnic groups are crucial
for achieving successful root canal treatment. Both the
literature and documented clinical experience
consistently report a high occurrence of MB2 canals in
maxillary first molars.!! However, maxillary second
molars also exhibit complex root canal anatomies, and
failure to detect the MB2 canal in these teeth may
adversely affect treatment success and long-term
prognosis.'? The present study aims to raise awareness
among clinicians concerning the presence of MB2 canals
not only in maxillary first molars but also in maxillary
second molars and to provide guidance for clinical
practice. Accordingly, this study evaluated the
prevalence of MB2 canals in maxillary first and second
molars in patients attending the Faculty of Dentistry at
Usak University, with particular attention to gender
differences and canal configuration in teeth with MB2
canals. The null hypothesis of the study was that there is
no difference in the prevalence of MB2 canals between
maxillary first and second molars.

MATERIALS AND METHODS

This study was approved by the Non-Interventional
Clinical Research Ethics Committee of Usak University
under decision number 94-94-05. The study followed
established ethical norms outlined by the institutional
research ethics committee and was conducted in
compliance with the Declaration of Helsinki and its
subsequent revisions or equivalent ethical guidelines.
The sample size was calculated using OpenEpi software.
Considering a target population of approximately
305.000 individuals over 15 years of age residing in Usak
province, a minimum of 384 patients was determined to
be required for inclusion in the study. The calculation
was based on a presumed prevalence of 50%
(recommended for unknown proportions), a 5% margin
of error, a 95% CI, and a power level of 95%.

The study included cases that met the following
selection criteria:

e Patients over the age of 15, to ensure complete root
development of all teeth,

e CBCT scans that clearly included both the first and
second maxillary molars,

e Absence of any root resorption or calcification in the
relevant teeth,

e No history of prior root canal treatment in the teeth of
interest (due to the potential negative impact on image
quality), and

o Absence of prosthetic restorations or post-applications
in the relevant teeth.
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In this study, among a total of 12.207 CBCT scans
obtained at the Faculty of Dentistry, Usak University
from 2018 through 2025 for dentomaxillofacial
problems, 4.327 scans that included the maxillary molar
region were identified. Of these, 427 CBCT images that
met the inclusion criteria were selected for evaluation.
All CBCT scans were acquired using the Gendex GXDP-
700 unit (KaVo Kerr, Biberach, Germany) with a FOV
of 6 x 4 cm and the following exposure parameters: 90
kV, 13 mA, and 12 seconds. The images were analyzed
in detail in axial, coronal, and sagittal planes using
RadiAnt DICOM Viewer software (RadiAnt, Poznan,
Poland) by a team consisting of 2 oral and maxillofacial
radiologists and 4 endodontists. During the evaluation,
the observers adjusted the multiplanar images according
to the long axis of each root and performed a dynamic
assessment.

The investigators examined the occurrence and
morphological characteristics of the MB2 canal in the
maxillary molars. Each tooth was evaluated
independently and categorized based on tooth type,
presence of the MB2 canal, age, and gender. The
morphology of MB2 canals was determined using
Vertucci’s classification system, which is based on the
anatomical configuration of the main root canal of the
tooth root. Vertucci,' classified root canal morphology
into eight types. Types I-1II have a single apical foramen,
with internal canal divisions except for Type I. Types [V—
VII present two separate apical foramina, whereas Type
VIII is distinguished by having three apical foramina
(Figure 1). For positioning and measurement, the root
canal orifices, defined as the highest points on the pulpal

floor, were used as reference landmarks.
(a) (b) (©) @
(e) ® (€] (h)

Figure 1. Canal configurations as originally described by
Vertucci (1984).! The configurations are described as follows:
(a) Type I, (b) Type IL, (¢) Type 1L, (d) Type IV, () Type V,

(f) Type VI, (g) Type VII, and (h) Type VIIL
Statistical Analysis

Descriptive statistics were used to summarize the
gender distributions of the study sample. The prevalence
of MB2 canals was compared between maxillary first and
second molars, and between genders, using chi-square
(?) tests.

In addition, binary logistic regression analyses were
conducted to assess the independent effect of gender on
MB?2 canal presence, separately for maxillary first and
second molars. The presence of an MB2 canal served as
the dependent variable in each model, while gender (male
vs. female) was included as predictor variables. Odds
ratios (ORs) with 95% confidence intervals (Cls) were
reported to indicate effect sizes.

All statistical analyses were performed using jamovi
software (version 2.6; The jamovi project, 2024) and R
software (version 4.4; R Core Team, 2024). The
significance level was set at p < .05 for all tests.

RESULTS

This retrospective observational study included a
total of 427 maxillary molars obtained from CBCT
images taken for routine diagnostic purposes. The sample
consisted of 253 female participants (59.3%) and 174
male participants (40.7%), with an average age of 32.3
years, ranging from 15 to 78 years.

Table 1 presents a comparison of MB2 canal
prevalence in maxillary first and second molars. The
MB?2 canal was detected in 61.6% of the maxillary first
molars, whereas this rate was 38.4% in the maxillary
second molars. The chi-square test revealed a statistically
significant difference (p < .001), indicating that the
prevalence of MB2 canals was significantly higher in
maxillary first molars compared with second molars.

Table 2 presents the distribution of MB2 canal
presence according to gender in the maxillary first and
second molars. In the maxillary first molars, the MB2
canal was observed in 68.4% of the male patients and
56.9% of the female patients, and this difference was
statistically significant (p = .017). Similarly, in the
maxillary second molars, the MB2 canal was detected in
44.3% of males and 34.4% of females, with the
difference also reaching statistical significance (p =
.039). These findings indicate that the prevalence of the
MB?2 canal is significantly higher in males than in
females for both the maxillary first and second molars.

Table 3 presents the distribution of MB2 canals
according to Vertucci canal configurations in the
maxillary first and second molars. In both tooth groups,
the most frequently observed configuration was Type I,
detected in 52.5% (n = 138) of first molars and 51.2% (n
= 84) of second molars. This was followed by Type IV
(28.9% and 32.9%, respectively), Type III (8.0% and
7.9%), and Type VI (7.6% and 3.0%). Type V and Type
VII configurations were the least frequently observed in
both tooth groups (Figure 2 and 3).
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Table 1. Comparison of MB2 presence between first and second maxillary molars

First Maxillary Molar Second Maxillary Molar

Vertucci Type n % n %
Type 2 138 52.5% 84 51.2%
Type 3 21 8.0% 13 7.9%
Type 4 76 28.9% 54 32.9%
Type 5 4 1.5% 7 4.3%
Type 6 20 7.6% 5 3.0%
Type 7 4 1.5% 1 0.6%
Total 263 100% 164 100%

*Chi-square ()?) test

Table 2. Distribution of MB2 presence in the maxillary molars by gender

MB2 Present MB2 Absent Total . . "
Tooth Group (n, %) (n, %) (n, %) Test Statistics D
First molar 263 (61.6%) 164 (38.4%) 427 (100%) 573 <001
Second molar 164 (38.4%) 263 (61.6%) 427 (100%) ' )
*Chi-square ()?) test
Table 3. Vertucci canal configurations of MB2 canals in maxillary molars
Tooth MB2 Present MB2 Absent Total L .
Group Gender (n, %) (n, %) (n, %) Test Statistics p
First Women 144 (56.9%) 109 (43.1%) 253 (59.3%)
Maxillary Men 119 (68.4%) 55 (31.6%) 174 (40.7%) 5.74 017
Molar Total 263 (61.6%) 164 (38.4%) 427 (100%)
Second Women 87 (34.4%) 166 (65.6%) 253 (59.3%)
Maxillary Men 77 (44.3%) 97 (55.7%) 174 (40.7%) 4.24 .039
Molar Total 164 (38.4%) 263 (61.6%) 427 (100%)
1st Maxillary Molar 2nd Maxillary Molar
100
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Figure 2. Distribution of MB2 Canal Configurations According to Vertucci’s Classification in First and Second Maxillary Molars
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Figure 3. Coronal CBCT images of the mesiobuccal roots of
maxillary molars demonstrating different canal configurations,
a) Vertucci Type 11, b) Vertucci Type 111, ¢) Vertucci Type IV,
d) Vertucci Type V, e) Vertucci Type VI, f) Vertucci Type VII.

DISCUSSION

In this study, CBCT images of the maxillary molar
region were retrospectively examined in cases that met
the inclusion criteria and selected from among patients
who underwent CBCT imaging for various reasons at the
Faculty of Dentistry, Usak University. The aims of the
study were to determine the prevalence of the MB2 canal,
to assess its presence by gender, and to evaluate the canal
structure according to Vertucci’s classification in teeth
where the MB2 canal was detected. The null hypothesis,
which proposed that there would be no difference in the
prevalence of MB2 canals between maxillary first and
second molars, was rejected. The MB2 canal was found
to be statistically more frequent in maxillary first molars
than in second molars.

CBCT can be effectively utilized in all phases of root
canal treatment, including diagnosis, treatment, and
follow-up. Due to its high accuracy, minimal distortion,
3D imaging capability, and non-invasive nature, CBCT
is widely preferred for the clinical assessment of tooth
roots and root canal anatomy.!® Indeed, the American
Association of Endodontists and the American Academy
of Oral and Maxillofacial Radiology recommend the use
of CBCT with a limited FOV, particularly for teeth with
pulp disease, complex anatomical structures, or
suspected additional canals. This detailed and 3D
detection capability of CBCT plays a crucial role in
accurately identifying the location and complex
morphology of root canals, thereby helping to prevent
iatrogenic errors, such as over-instrumentation.'* One
study reported that CBCT imaging provides higher
accuracy and success in identifying root canals compared
with conventional 2D digital radiography.!* However,

the effectiveness of CBCT in detecting MB2 canals
remains a topic of debate. Another study indicated that
even when an MB2 canal is not visible on CBCT images,
there may still be a chance of locating it through clinical
exploration.'®

In our study, the prevalence of the MB2 canal in
maxillary first molars was 61.6%, which was
significantly higher than the 38.4% observed in maxillary
second molars. Our findings are consistent with previous
studies'>17 in the literature, many of which have also
reported an increased frequency of MB2 canals in
maxillary first molars compared with second molars. For
instance, in a study conducted by Lee et al.!” the MB2
canal was observed in 86.8% of maxillary first molars
and 28.9% of maxillary second molars. Similarly,
Degerness et al. reported an MB2 incidence of 79.8%, '8
while another study reported a rate of 73.8%.'° In a study
focusing specifically on maxillary second molars, the
occurrence of MB2 canals was found to be 42.2%.'° The
differences in incidence rates between the present and
previous studies may be attributed to several
methodological factors, including sample size, racial
characteristics of the population studied, voxel size of the
CBCT device used, diagnostic techniques, and reference
plane adjustments. Moreover, the notable disparity in
MB2 prevalence between first and second maxillary
molars may be explained by differences in tooth
morphology. In fact, a study conducted on a Chinese
population reported that maxillary second molars exhibit
greater morphological diversity and complexity than first
molars.?’ Accordingly, the lower frequency of MB2
canals observed in second molars may be attributed to
these morphological differences. Beyond the statistical
significance of our findings, the clinical implications of
MB?2 canal prevalence should be carefully considered.
Undetected MB2 canals are recognized as one of the
primary causes of persistent apical pathology and
subsequent retreatment in maxillary molars.?' In our
study, although the MB2 canal was significantly more
frequent in maxillary first molars, the detection rate of
38.4% in second molars highlights its considerable
clinical relevance. This finding underscores that
clinicians should not overlook the possibility of an MB2
canal even in maxillary second molars, where its
occurrence may be underestimated in daily practice.
Careful exploration of the mesiobuccal root using
magnification devices and preoperative CBCT
evaluation in complex cases are strongly recommended
to ensure thorough debridement and obturation of the
entire root canal system.?"?? Ultimately, these measures
are crucial to prevent persistent infection, enhance
treatment outcomes, and improve the long-term
prognosis of endodontically treated maxillary molars.

In the present study, the prevalence of MB2 canals
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was higher in male patients than in female patients for
both tooth groups. Although some studies in the literature
support this finding,'>?* others have found no significant
difference between genders.?* One study indicated that an
increased level of root canal calcification is observed in
female patients compared with males.?’ This may explain
the lower detection rate of MB2 canals among female
patients in the current study.

Vertucci Type I configuration indicates the absence
of an MB2 canal, whereas all other Vertucci types reflect
the presence of an MB2 canal. In our study, Vertucci
classification of maxillary first and second molars in
which MB2 canals were identified revealed that the
distribution of canal types was similar across both tooth
groups. Type II was the most frequently observed
configuration, followed by Type IV. These findings are
consistent with previous studies.'>?® One earlier study
reported that in cases with undetected MB2 canals, Type
IV configurations had a greater negative impact on the
success rate of root canal treatment compared with Type
Il configurations.!> Therefore, to prevent treatment
failures and ensure complete management of the root
canal system, a detailed 3D assessment of maxillary
molars prior to treatment is strongly recommended.

In our study, the occurrence of MB2 canals in
maxillary molars was compared using CBCT data
obtained from patients who presented to our faculty with
various dentomaxillofacial problems. The findings
demonstrated that, although MB2 canals were detected at
a higher rate in maxillary first molars, they were also
present at a relatively high rate in maxillary second
molars. These results highlight the importance of
considering the presence of MB2 canals and performing
a thorough preoperative 3D radiographic assessment to
reduce the risk of treatment failures commonly
encountered in root canal treatment. However, this study
has certain limitations. Although age ranges were defined
in the inclusion criteria during the study planning, age
was not included as a variable in the statistical analysis.
The literature has suggested that physiological changes
associated with aging, such as pulp chamber calcification
and secondary dentin deposition, may affect the
detectability of MB2 canals.'>* Therefore, future studies
should consider age as a potential factor associated with
the presence of MB2 canals. Another limitation of our
study is that the relationship between root length and the
presence of MB2 canals was not evaluated. However,
previous research has indicated that root length may
influence both the presence of MB2 canals'> and Vertucci
canal configurations.?” Thus, future studies are
recommended to investigate the effects of root length on
MB?2 canal prevalence and configuration patterns. To
minimize intra-individual clustering bias and ensure
independent observations, only one maxillary first and

second molar per quadrant were included in the final
dataset, resulting in a maximum of two molars per
patient. In future studies, it would be beneficial to
evaluate both the right and left sides of the maxilla in the
same individuals and to investigate the correlation
between these paired teeth. Additionally, in the present
study, MB2 canal detection was based solely on CBCT
images of the two maxillary molars. However, as
previously reported, even when an MB2 canal is not
visualized on CBCT, its presence may still be confirmed
during clinical examination and exploration.'® Therefore,
clinicians should not rely solely on CBCT findings
during root canal treatment of maxillary molars and
should always consider the possibility of an MB2 canal,
even when it is not radiographically evident.

CONCLUSION

In this retrospective study, CBCT images of
individuals who presented to the Faculty of Dentistry at
Usak University were analyzed to evaluate the
prevalence and morphological characteristics of the MB2
canal in the maxillary first and second molars. The
findings revealed that the MB2 canal was more
frequently detected in maxillary first molars than in
second molars and was observed more often in male
patients than in females. According to Vertucci’s
classification, Type Il was the most commonly observed
configuration, with similar morphological distributions
identified in both tooth groups. These results underscore
the clinical relevance of considering the presence of the
MB2 canal, even in maxillary second molars.
Accordingly, the use of 3D imaging techniques, such as
CBCT, is recommended during treatment planning, and
future studies should focus on incorporating individual
factors such as age and root length into the evaluation
process.
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ABSTRACT

INTRODUCTION: In recent years, the increase in esthetic demands and the progress in adhesive systems have brought more
attention to the treatment of the anterior region. In this context, direct composite veneers are widely preferred. The aim of the study is
to compare the 18-month clinical performances of prefabricated composite veneers and direct composite veneers fabricated with
transparent templates.

MATERIAL and METHODS: This randomized, prospective in-vivo study included 21 volunteers and a total of 74 anterior veneers (36
laterals, 38 centrals). Prefabricated veneers were placed using the Edelweiss system; direct veneers were made with U-Veneer
templates and Ceram-X Duo Sphere TEC. All procedures followed manufacturers’ instructions, and no additional mechanical polishing
was performed. Clinical evaluations were conducted at baseline, 6, 12, and 18 months by two experienced, blinded examiners using
modified Ryge (USPHS) criteria (color match, marginal discoloration/adaptation, anatomic form, secondary caries, retention loss,
surface roughness, polish retention, postoperative sensitivity, and patient satisfaction). Statistical analyses used McNemar and
Kolmogorov-Smirnov Z tests (p<0.05).

RESULTS: After 18 months, both approaches were clinically successful with high patient satisfaction. No statistically significant
differences were found between groups. Over time, a significant change was observed only in the polish retention criterion (p<0.05).

CONCLUSION: Both techniques are reliable short-to-mid-term options for anterior esthetics. Considering long-term outcomes, fine
finishing and polishing of veneer surfaces are recommended with attention to patients’ dietary habits.

Keywords: Composite resin veneers, clear templates, prefabricated composite resin veneers, clinical performance

6z
GIRIS: Son yillarda estetik taleplerin artmasi ve adeziv sistemlerdeki ilerlemeler, anterior bélgenin tedavisine olan ilgiyi artirmigtir. Bu

baglamda, direkt kompozit laminalar yaygin olarak tercih edilmektedir. Bu ¢alismanin amaci, prefabrike kompozit laminalar ile seffaf
sablonlar kullanilarak yapilan direkt kompozit laminalarin 18 aylik klinik performanslarini kargilastirmaktir.

GEREC ve YONTEM: Bu randomize, prospektif in vivo ¢alismaya 21 géniillii ve toplam 74 anterior dis (36 lateral, 38 santral) dahil
edildi. Prefabrik veneerler Edelweiss sistemi ile uygulandi; direkt veneerler U-Veneer seffaf sablonlari ve Ceram-X Duo SphereTEC
kullanilarak yapildi. Tim islemler (retici talimatlarina uygun sekilde gerceklestirildi ve ilave mekanik polisaj uygulanmadi. Klinik
degerlendirmeler; baslangigta, 6, 12 ve 18. aylarda, modifiye Ryge (USPHS) kriterleri (renk uyumu, marjinal renklenme/uyum,
anatomik form, sekonder ¢lirlik, tutuculuk kaybi, yiizey pliriizIiil(igi parlaklik korunumu, postoperatif hassasiyet ve hasta memnuniyeti)
kullanilarak, deneyimli iki kér degderlendirici tarafindan yapildi. Istatistiksel analizlerde McNemar ve Kolmogorov-Smirnov Z testleri
kullanildi (p<0,05).

BULGULAR: On sekiz ayin sonunda her iki yaklasim da yliksek hasta memnuniyetiyle klinik olarak basarili bulundu. Gruplar arasinda
istatistiksel olarak anlamli fark saptanmadi. Zaman iginde yalnizca “parlaklik korunumu” kriterinde anlamli bir degisim gézlendi
(p<0.05).

SONUG: Her iki teknik de anterior estetik icin kisa-orta vadede glivenilir seceneklerdir. Uzun dénem sonuglar dikkate alindiginda,
hastalarin diyet aliskanliklarina da ézen gésterilerek veneer yiizeylerinin ince bitim ve polisajinin yapilmasi énerilir.

Anahtar Kelimeler: Kompozit rezin vener, seffaf sablon, prefabrik kompozit rezin vener, klinik performans
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INTRODUCTION

In recent years, the increase in esthetic demands
and the progress in adhesive systems have brought
more attention to the treatment of the anterior region
in line with the principles of minimally invasive
dentistry (MID). Minimally invasive dentistry aims
to preserve tooth structure as much as possible,
delay invasive procedures, and focus on repair-
oriented approaches.! In this context, direct
composite veneers are widely preferred because
they can be applied in a single visit, are repairable,
and are cost-effective.! However, their surface gloss
and color stability are affected by diet and oral
hygiene habits (tea, coffee, acidic drinks, smoking)
and by the finishing and polishing protocols. For
this reason, regular check-ups and refurbishing or
repolishing are recommended as essential for
clinical success.!

Ceramic veneers (especially lithium disilicate)
are strongly supported in the literature for their
translucency, color stability, and long-term
predictability. However, the need for a laboratory
process, relatively more invasive tooth preparation,
and difficulties in intraoral repair may limit their use
as the first choice in every case.! In contrast,
prefabricated composite resin veneers (PCRVs) and
clear template—assisted direct veneering techniques
have been introduced as minimally invasive
alternatives. These options aim to provide
predictable form and initial gloss in a single
appointment, while also reducing operator
dependency and treatment time.! PCRVs (e.g.,
Edelweiss, Componeer) are thin composite shells
polymerized under heat and pressure in industrial
conditions. They are available in different sizes and
shapes, allowing a quick and reproducible veneer
restorations for anterior tooth morphology.!

However, when it comes to surface strength and
color stability, the behavior of composite-based
systems is sensitive to both the material’s
microstructure and the conditions of use. In
controlled laboratory  studies, prefabricated
composite veneers showed a greater increase in
surface roughness (Ra) after wear/erosion
simulations compared with lithium disilicate and
enamel, and this roughness increase has been linked
to the loss of gloss observed clinically.? Similarly,
in evaluations of color change (AE) related to wear
patterns, some PCRV systems demonstrated color
changes approaching or reaching the perceptible

threshold, whereas ceramic veneers generally
maintained color stability below this threshold.’
These findings support the clinical importance of
initial finishing and periodic repolishing for
maintaining the long-term esthetic stability of
composite-based restorations.!

When looking at short-term in vivo studies,
PCRVs and direct composite veneers have shown
similar clinical performance at around 12 months,
with no significant differences reported in
parameters such as color, surface texture, marginal
integrity, and gingival response.* On the other hand,
long-term comparisons (especially among indirect
systems) provide randomized clinical evidence
indicating the superior performance of ceramic
veneers in terms of survival and surface stability.’
Taken together, these findings highlight the need for
case-based selection of material and technique,
considering factors such as the level of esthetic
demand, the goal of tissue preservation, time and
cost limitations, and the patient’s compliance with
maintenance. '

Clear template—assisted direct veneering aims to
reduce operator variability by facilitating the
standardization of form and symmetry, especially in
multi-tooth morphology corrections. Manufacturer
protocols often promote single-layer applications
for a faster finish, which shortens clinical time.
However, since the finishing and polishing step
defines the microgeometry, careful management of
enamel-composite interfaces and the systematic use
of fine polishing strategies are recommended.! In
prefabricated veneers, the vitrified surface layer
created during production may be partially removed
during clinical finishing; evidence suggests that this
could influence long-term gloss and surface
roughness.®

In clinical research, the standardization of
outcome measures allows for the comparability of
different materials and techniques. In this context,
the modified Ryge (USPHS) criteria provide a
reproducible framework that covers esthetic (color
match, surface gloss/texture), functional (anatomic
form, marginal adaptation), and biological (gingival
response, secondary caries) parameters. Recent
randomized clinical trials (e.g., direct composite vs.
indirect ceramic) have also adopted the USPHS
approach,” This approach makes clinically relevant
aspects of short- to medium-term follow-up (such as
polish/gloss retention) quantitatively visible.
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The current literature shows that PCRVs and
clear template—assisted direct veneers present
promising short-term outcomes; however, long-
term evidence remains limited."* One of the most
common esthetic challenges in clinical practice
which is loss of gloss and increase in surface
roughness is associated not only with daily wear and
erosion but also with the initial finishing
protocol.>*¢ Therefore, clinical studies that assess
the short to medium term performance of PCRVs
and clear template assisted direct veneers under real
life conditions, using standardized criteria and
regular follow-ups, are valuable in addressing this
gap in evidence.

In response to this need, the present study
prospectively compares prefabricated composite
veneers with clear template—assisted direct
composite veneers, reporting evaluations at
baseline, 6, 12, and 18 months according to the
modified Ryge (USPHS) criteria. The primary aim
is to compare the short to medium term clinical
success of both approaches in terms of color match,
surface ~gloss, anatomic form, marginal adaptation,
gingival response, retention, and patient
satisfaction. The secondary aim is to identify
patterns of change over time, particularly in surface-
related parameters such as polish/gloss retention.
The null hypothesis states that no statistically
significant differences will be observed between the
groups for the clinical criteria assessed during the
follow-up period.

MATERIALS and METHODS

This study was designed as a randomized,
prospective clinical trial to compare the clinical
performance of two different composite veneer
approaches in adult patients presenting with esthetic
concerns in the anterior region. The study was
conducted at the Department of Restorative
Dentistry, Faculty of Dentistry, Ege University, and

was approved by the Ethics Committee for Clinical
Research of Ege University Faculty of Medicine
with approval number Approval No: 18-11.1T/15
on 28.11.2018.

Sample size estimation was conducted using
G*Power 3.1 software, employing a 95%
confidence level and 90% statistical power. The
effect size for the Chi-square test was set at 0.40
based on the primary outcome, which was
restoration retention. Assuming a maximum of five
degrees of freedom, the required minimum total
sample size was calculated to be 70 (n=35 per
group). All participants received verbal and written
information about the study and signed informed
consent forms.

According to the inclusion and exclusion
criteria, a total of 74 veneers were applied to the
anterior teeth of 21 eligible volunteer patients. The
inclusion criteria were: age >18 years, good oral
hygiene, absence of medical conditions, not being
pregnant, no severe bruxism or occlusal
dysfunction, and the presence of indications for
anterior composite resin veneer (laminate)
restorations due to conditions such as diastema, peg-
shaped lateral incisors, enamel hypoplasia, or other
esthetic reasons. Teeth with extensive caries,
pathological mobility, or loss of pulp vitality, as
well as patients with temporomandibular joint
(TMJ) disorders or currently undergoing
orthodontic treatment, were excluded.
Randomization was performed by an independent
clinician not involved in the study. Participants were
allocated to treatment groups using a random
number table generated through the ‘Research
Randomizer Program’
(http://www.randomizer.org/form.htm).

The study was designed in accordance with the
2010 Consolidated Standards of Reporting Trials
(CONSORT) guidelines (Table 1).
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Table 1. Consort flow chart of the study

Subject assessed for eligibility
criteria (32 patients)

F

Not meet the inclusion
criteria (n:11)

Randomization (n=21, total 74 teeth)

Baseline
Edelweiss semidirect
restoration (n=10)

i

Baseline
CeramX direct
restoration (n=11)

Lost to follow up (4 patients=12 teeth)
Moved: n=1, Not contacted: n=3

6-Month

18-Month
n=9

Restorations were randomly assigned to two groups:

a) Semi-direct group:  Restorations  using
prefabricated composite resin veneers (Edelweiss,
Edelweiss Dentistry, Wolfurt, Austria) cemented onto
teeth.

b) Direct group: Direct composite resin veneers
shaped with the aid of a clear template (U-Veneer,
Ultradent, South Jordan, Utah, USA + Ceram-X Duo
SphereTEC, Dentsply Sirona, Konstanz, Germany).

Each patient’s dental and medical history was
recorded, and intraoral examinations were performed.
Treatment options, including prosthetic and orthodontic
alternatives, were explained to patients in terms of
clinical protocols, long-term outcomes, advantages, and

il

6-Month
n=11

18-Month
n=8

disadvantages. Patients who agreed to participate after
receiving this information provided written informed
consent. Prior to treatment, all patients underwent
professional scaling and polishing.

The distribution of veneers according to tooth
numbers is presented in Table 2 (teeth 12, 11,21, and 22;
n=38 semi-direct group, n=36 direct group; total n=74).
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Table 2. Distribution of teeth numbers by technique used

Semi-direct Direct

Tooth no Technique Technique Total
12 9 9 18
11 10 9 19
21 10 9 19
22 9 9 18
Total 38 36 74

Three photographs (smile, occlusion, and open-
mouth views) were taken from each patient at baseline,
after treatment, and during follow-up visits.

Clinical Application Protocols
1. Semi-Direct Technique (Edelweiss)

The shade selection was performed using the “Button
Try” technique with Edelweiss nanohybrid resin
composite. Appropriate prefabricated veneer sizes were
determined based on tooth morphology using the
manufacturer’s clear guide. Isolation was achieved with
a disposable mouth retractor (OptraGate, Ivoclar
Vivadent, Liechtenstein) to ensure moisture control and
sufficient mouth opening.

Initial cervical margin adaptation was verified by trial
placement of the prefabricated veneers without adhesive
application. Margins were refined with Super-Snap
Rainbow polishing disks (SHOFU, Kyoto, Japan)
without water cooling, and the same adjustments were
made for mesio-distal width. To enhance internal
retention, the inner surfaces of the veneers were micro-
roughened using fine-grit, yellow-banded diamond burs.

Tooth surfaces were etched with 34% phosphoric acid
gel (Caulk Tooth Conditioner Gel, Dentsply Sirona,
Konstanz, Germany) for 30 seconds, rinsed, and dried
with oil-free air sprey. A universal adhesive
(Prime&Bond Universal, Dentsply Sirona, Konstanz,
Germany) was applied to the tooth surfaces with friction
for 20 seconds, air-thinned, and light-cured (D-Light
Duo, GC Europe, Leuven, Belgium).

After cleaning the veneer’s inner surface with
alcohol, a veneer-specific bonding agent (Veneer Bond,
Edelweiss Dentistry, Wolfurt, Austria) was applied. The
veneer was loaded with Edelweiss nanohybrid composite
resin and positioned on the tooth. An initial light cure was
applied from the incisal edge to stabilize its position,
excess composite resin was removed, and final
polymerization was performed with a LED curing unit
for 40 seconds per surface (D-Light Duo).

In the final step, cervical adaptation of the restoration
was re-evaluated using finishing and polishing discs from
the Super-Snap Rainbow Technique Kit (SHOFU). All
restorations were checked for premature contacts using
articulating paper and adjusted with fine grit finishing
burs (Komet, Germany) at low speed under water
cooling. Interproximal finishing strips were used to
achieve optimal proximal contacts and contour.

2. Direct Technique (U-Veneer and Ceram-X Duo)

In the direct group, shade selection for dentin and
enamel was performed using the “Button Try” technique
with Ceram-X Duo SphereTEC composite resin
(Dentsply Sirona). Clear U-Veneer templates (Ultradent,
South Jordan, Utah, USA) were trial-fitted to determine
the appropriate size. Isolation was achieved with
OptraGate mouth retractors.

Enamel surfaces were etched with 34% phosphoric
acid gel (Caulk Tooth Conditioner Gel) for 30 seconds,
rinsed, and dried. Prime&Bond Universal (Dentsply
Sirona) was applied and light cured. A dentin-shade
composite was applied in layers to the labial surfaces and
cured. Subsequently, an enamel-shade composite was
placed onto the inner surface of the U-Veneer template,
which was positioned and adapted to the tooth under
gentle pressure. Excess material was removed using a
fine-tipped spatula (LM-Arte Applica, LM Dental,
Parainen, Finland), and polymerization was completed
with 20 seconds of light curing per surface (D-Light
Duo). Final polishing and adjustments were performed
according to the protocol described for the semi-direct

group.

Evaluation and Follow-up

All restorations were evaluated at baseline
(immediately after placement) and at 6-, 12-, and 18-
months follow-ups by two independent examiners
experienced in esthetic restorations and not involved in
the study. The Modified Ryge (USPHS) criteria were
used to score color match, marginal discoloration,
marginal adaptation, anatomic form, secondary caries,
loss of retention, surface roughness, polish retention, and
postoperative sensitivity (A: excellent, B: clinically
acceptable, C: clinically unacceptable / needs
replacement, X: not assessable) (Table 3).

Statistical Analysis

Data was analyzed using SPSS 25.0. The McNemar
test was applied to evaluate time-dependent changes
within each group, while the Kolmogorov-Smirnov Z test
was used for group comparisons. A significance level of
p = 0.05 was adopted.

13
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Table 3. Modified Ryge Criteria (USPHS Criteria)

Modified Ryge Criteria (USPHS Criteria)

Criteria Scores Clinical condition

Alpha: Complete match with the tooth in terms of color, shade, or brightness.
Color Match Bravo: Slight mismatch within normal clinical limits.

Charlie: Clear mismatch or unaesthetic appearance.

Alpha: No discoloration between restoration and adjacent tooth.
Marginal Discoloration Bravo: Localized, superficial discoloration removable by polishing.

Charlie: Discoloration progressing toward the pulp level.

Alpha: No visible gap along the margin.
Marginal Integrity Bravo: Visible and detectable gap with a probe.

Charlie: Gap exposing dentin or base.
Sespmilny @ Alpha: No secondary caries. .

Bravo: Presence of secondary caries.

Alpha: Restoration maintains continuity with the tooth.
Anatomic Form Bravo: Partially disrupted but clinically acceptable.

Charlie: Completely disrupted, replacement required.
Post-operative Sensitivity Alpha: No sensitivity. e

Bravo: Presence of sensitivity

Alpha: Restoration is intact.
Retention Bravo: Partial loss or damage present.

Charlie: Restoration has completely fallen out.

Alpha: Surface as smooth as surrounding tooth tissue.
Surface Roughness Bravo: Surface rougher than surrounding tooth.

Charlie: Surface shows fracture, requires replacement.

Alpha: Surface has same brightness as surrounding tooth.
Polishing Retention Bravo: Partially less bright in certain areas.

Charlie: Noticeably duller than surrounding tooth.

RESULTS retention” in both groups (p < 0.05).

A total of 74 anterior veneer restorations were placed
in 21 patients: 38 prefabricated composite veneers
(Edelweiss) using the semi-direct technique and 36 direct
composite veneers (U-Veneer + Ceram-X Duo
SphereTEC) using the clear template—assisted direct
technique. All restorations were performed according to
the manufacturers’ instructions, and no additional
mechanical polishing was applied to the surfaces.
Clinical evaluations were performed at baseline (after
placement), and at 6th, 12th, and 18th months.

At the 18-month follow-up, 34 restorations from the
semi-direct group and 28 restorations from the direct
group were included in the statistical analysis. In the
semi-direct group, 38 restorations in 10 patients were
evaluated at baseline and 6 months, while 34 restorations
in 9 patients were evaluated at 12 and 18 months due to
one patient moving to another city. In the direct group,
36 restorations in 11 patients were evaluated at baseline,
whereas 28 restorations in 8 patients were assessed at
12th, and 18th months because 3 patients could not be
reached.

According to the McNemar test results evaluating
time-dependent changes, a statistically significant
difference was found only for the criterion of “polish

e Semi-direct group (Edelweiss): Statistically
significant differences were detected in all time-point
comparisons except for 6th vs. 12th months (p =0.063)
and 12th vs. 18th months (p=0.125). Significant
differences were observed between baseline and 6th
months (p=0.001), baseline and 12th months
(p=0.000), baseline and 18 months (p=0.000), and 6th
vs. 18th months (p=0.004).

e Direct group (U-Veneer + Ceram-X Duo
SphereTEC): Statistically significant differences were
observed in all comparisons except for 6th vs. 12th
months (p=1.000). Significant changes were found
between baseline and 6th months (p=0.000), baseline
and 12th months (p = 0.004), baseline and 18th months
(p=0.000), 6th vs. 18th months (p=0.008), and 12th vs.
18th months (p=0.016).

In the Kolmogorov-Smirnov Z test comparing the two
techniques at the same time points, no statistically
significant differences were found between the groups
for any of the criteria (p>0.05). Detailed scores according
to USPHS criteria are presented in Table 4 and Table 5.
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Table 4. USPHS evaluation scores obtained at each recall for the semi-direct technique performed with Edelweiss.
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Table 5. USPHS evaluation scores obtained at each recall for the direct technique performed with Ceram-X Duo and U-veneer

clear templates.

these findings were

some patients,

in
considered clinically acceptable (Bravo) (Figures- 1, 2).

observed

During follow-up appointments, polish retention
scores showed a shift toward Bravo over time; in some

cases, Bravo scores were also recorded for marginal

adaptation/marginal discoloration and surface roughness.

Although minor chipping at the incisal edge was
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Figure 1. Two different patients receiving direct anterior restorations performed with U-veneer clear templates and Ceram-X duo
on teeth 11,21,12,22.

Figure 2. Two different patients receiving anterior restorations performed with prefabricated Edelweiss veneers on teeth 11,21 and
11,21,12,22
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Considering the cumulative USPHS (Ryge) scores
and patient-reported satisfaction, both direct composite
resin veneers and prefabricated Edelweiss veneers
demonstrated clinically acceptable and successful
performance. For the Edelweiss group, the mean gloss
score decreased from 100% Alpha to 41% at 18 months,
while for the U-veneer group, it decreased from 100%
Alpha to 43%. A slight loss of polished surface gloss was
observed in both groups as early as the first year.
However, these changes were minor; the dullness was
noticeable only after air drying and did not negatively
affect the patients’ esthetic perception.

DISCUSSION

In this prospective clinical study, after 18 months of
follow-up, both prefabricated composite veneers and
direct composite veneers demonstrated success rates that
confirm the clinical reliability of minimally invasive
approaches. These techniques provide repairability and
high patient satisfaction, supporting their role as
conservative esthetic solutions. Our findings are largely
consistent with randomized clinical trials and systematic
reviews published over the past decade, and they
contribute to building a rational framework for material
selection, especially when compared with ceramic
veneers.

Ceramic veneers are supported by a strong body of
long-term evidence spanning 10-20 years, consistently
showing excellent survival rates. The main causes of
failure are fractures and marginal defects.®!" For
example, Beier et al.® reported high survival up to 20
years (mostly feldspathic), while Layton and Walton
confirmed clinical success up to 21 years. ° Similarly,
Peumans et al.’s'? performed 10-year prospective study
supported the long-term durability of ceramics, and
Gurel et al.!! highlighted the role of planning quality in
outcomes through the using esthetic pre-evaluative
temporaries. This long-term perspective provides a
valuable benchmark for interpreting short to medium
term composite veneer data.

However, direct comparisons between composite
resin and ceramic veneers remain limited. In a split-
mouth randomized clinical trial with 48 veneers and up
to 10 years of follow-up, Gresnigt et al.’ reported 100%
cumulative survival for ceramics versus 75% for indirect
composite resins, with all failures (debonding or fracture)
occurring in the composite resin group. Surviving
ceramic veneers also showed superior performance in
parameters such as color match, surface roughness, and
wear resistance,’ underlining how material aging impacts
clinical quality through surface integrity and plaque
accumulation.

By contrast, a recent randomized clinical trial
published in 2024 (120 veneers; 24 months) comparing

direct composite resin veneers and indirect ceramic
veneers found no significant differences in survival, with
an overall survival rate of 94.2%. However, surface
quality changes such as discoloration and roughness were
more frequently reported in the composite resin group.’
This study focused on multiple diastema closures, where
reshaping tooth form was a key indication, and direct
composite resin veneers provided predictable esthetic
outcomes. Nevertheless, a two-year follow-up is
insufficient to fully weigh the long-term advantages of
ceramic veneers, and short to medium term equivalence
should always be interpreted alongside considerations of
surface stability and maintenance requirements.’

Our 18-month results are in line with this picture,
showing satisfactory functional and esthetic outcomes,
reparability advantages, and a tendency for composite
resin veneers to require closer maintenance in parameters
related to marginal and color stability. This supports a
case-specific material selection strategy: ceramic veneers
may be preferred where maximum long-term color
stability and gloss are required, whereas composites are
rational in cases prioritizing minimal invasiveness,
single-visit treatment, cost-effectiveness, and
repairability. 1712

Prefabricated composite resin veneers offer rapid
esthetic rehabilitation in a single session with a
minimally invasive protocol, as they provide pre-formed
anatomic contours and polished surfaces. Although in
vivo evidence remains limited, a 2020 clinical evaluation
found no early clinical differences between prefabricated
and direct composite resin veneers, with comparable
performance in marginal adaptation and staining after
one year.* Case reports and series particularly highlight
their advantages in extensive malformations (e.g.,
amelogenesis imperfecta) or in young patients, allowing
rapid esthetic restoration with minimal tissue removal. '3

From a surface quality perspective, laboratory studies
show that prefabricated composite resin veneers initially
start with lower roughness and higher gloss, but under
clinical conditions, brushing, acidic diets, and
thermal/functional stresses inevitably lead to micro-
wear.>® Dederichs et al.? reported comparable short to
medium term wear resistance for prefabricated composite
resin veneers, enamel, and some ceramics, although long-
term clinical correlation is still needed. Karveli et al.
emphasized the role of filler particle distribution and
prepolymerized surface design in determining roughness
and color stability. Clinically, these findings suggest that
the early surface advantage of prefabricated composite
resin veneers can be maintained with proper polishing
protocols and patient compliance.>”’

In high-risk or early-age cases such as amelogenesis
imperfecta, prefabricated composite resin veneers may
represent an alternative to crown preparations by
avoiding pulpal risks and margin exposure. Indeed, a case

"7
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report documented the use of prefabricated composite
resin veneers in a young patient with amelogenesis
imperfecta, demonstrating esthetic and psychosocial
benefits in a single minimally invasive session.!* This
application positions prefabricated composite resin
veneers as a ‘“‘semi-direct” bridge between direct
composite resin veneers and indirect ceramic veneers.!?

In addition, recent single-visit case evidence has
described anterior rehabilitation—including replacement
of discolored composites and management of peg
laterals—using  prefabricated composite veneers,
emphasizing minimal labial preparation, customizable
contours, and chairside efficiency. While immediate
esthetic integration is achievable, the authors note that
longitudinal monitoring is needed to confirm stability in
form and color over time, underscoring the current
limitation of short follow-ups.'

Technique-oriented case reports further attribute
practical advantages to a high degree of pre-
polymerization of the veneer shell, and a micro-retentive
inner surface designed to improve wetting and bonding,
which together provide a mechanistic rationale for
efficient single-session workflows; however, these data
remain case-level and should be interpreted against
longer-term ceramic benchmarks.'®

Narrative comparisons  position prefabricated
composite veneers as a bridge between direct additions
and porcelain  laminates—thin  pre-polymerized
nanohybrid shells that can be trimmed and bonded with
the same hybrid composite to approximate a quasi-
monoblock, thus combining bondability and chairside
efficiency with enhanced esthetics, while acknowledging
porcelain’s superior long-term gloss and color stability.'®

Finally, clinical case literature reports a monoblock
concept (cementation with the same composite) with
compressive strength values comparable to enamel and
symptom-free 1-year follow-up supporting short-term
function and repairability in minimally prepared cases,
yet still calling for controlled, longer-term studies to
corroborate durability claims.!”

Direct composite resin veneers remain the most
flexible and repairable option for minimally invasive
esthetic restoration. Systematic reviews and cohort
studies show acceptable long-term survival, with the
most frequent complications related to surface staining,
roughness, and marginal integrity.'® Studies highlighted
that operator skill and technique standardization are
decisive factors for success, regardless of material
selection. 819

Although no dedicated studies on the U-Veneer clear
template technique exist, this approach can be considered
a variant of direct composite veneering. The use of
templates allows standardization of form, contact, and
symmetry, reducing operator dependency and improving
reproducibility in contouring and finishing. Therefore,

outcomes with U-Veneer can reasonably be expected to
parallel those of conventional direct composite resin
veneers, provided similar composites, adhesives,
isolation, and polishing protocols are employed.
Importantly, the modern minimally invasive philosophy
stresses that new techniques must be supported by
evidence rather than marketing claims.!!?

In our study, contour standardization with U-Veneer
templates improved marginal adaptation and papillary
fill. Limited marginal discoloration observed at 18
months is consistent with early surface changes reported
in direct composite resin studies and can usually be
managed with simple polishing or refinishing.'®

Surface gloss loss in composite resins is related to
water sorption, degradation of the matrix—filler interface
under thermo-mechanical stress, and increased
roughness. After 10 years, Gresnigt et al.’ reported
superior performance of ceramics in surface roughness,
color stability, and wear resistance. Similarly, in our 18-
month follow-up, minor discolorations and roughness
were observed but were manageable with non-invasive
polishing techniques, reflecting the repairability
advantage of composite resins.>?

Surface roughness 1is also linked to biofilm
accumulation, which can affect both esthetics and
periodontal health.® Therefore, multi-step polishing
protocols and regular recall appointments are crucial for
long-term success. Although ceramics may experience
glaze layer wear, their overall surface stability is superior
to that of composite resins.’

With respect to antagonist wear, ceramics
demonstrate material-dependent variability, whereas
composite resins tend to be less abrasive to opposing
dentition in the long term.'? This provides a
biomechanical rationale for composite resin selection in
patients with bruxism tendencies or preexisting enamel
loss.'?

Similar two-year survival outcomes reported in both
material groups in a recent trial confirm that composites
represent a strong alternative for patients seeking cost-
effective esthetic solutions in the short to medium term.”
However, in cases where high expectations of color
stability and gloss exist, or when risk factors such as
smoking or pigment-rich diets are present, ceramic
veneers remain the more predictable option.>7-2

Taken together, our findings support a pragmatic,
condition-based algorithm for veneer selection: when
esthetic demands are high and durable gloss and color
stability are paramount, ceramic veneers preferably
bonded to enamel should be prioritized;*!! where
minimally invasive, single-visit care, reparability, and
cost-effectiveness are decisive, prefabricated or direct
composite resin veneers are appropriate
alternatives; 2467121318 in patients with bruxism, erosive
wear, or concerns about antagonist abrasion, composite
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resins may confer biomechanical advantages due to their
comparatively lower abrasiveness to opposing teeth. 22

Ceramics continue to offer superior long-term
stability in gloss and color, particularly in patients with
high esthetic demands. Ultimately, clinical decisions
should be tailored to each patient, balancing esthetic
expectations, invasiveness, cost, and maintenance
requirements. 7122023 Based on the existing literature,
that if regular polishing and maintenance procedures had
been included in the clinical protocol, the scores for
polish retention and color stability would be better.
However, we did not perform routine polishing during
the follow-up sessions in order to observe the outcomes
that developed over time.

Strengths of this study include its prospective design,
standardized operator protocol, and the application of
both semi-direct and direct techniques within the same
center and under comparable indications. Limitations
include the relatively short follow-up period of 18
months, which is insufficient to fully assess the long-term
advantages of ceramics (1020 years), and the absence of
dedicated clinical studies on the U-Veneer template
technique, requiring us to extrapolate its evidence base
from the direct composite resin literature."'? Although
the restorations in our study were performed with the aid

of templates, the restorative material was identical to the
composite resin used in freehand techniques. For this
reason, the articles reporting freechand composite
restorations were also considered when making our
comparisons. In addition, patient-specific risk factors
(e.g., smoking, diet, parafunctional habits) may influence
surface-related outcomes over longer periods.

CONCLUSION

Both materials showed a loss of gloss over time.
Therefore, contrary to manufacturer recommendations,
we advise polishing composite veneers fabricated with
clear templates. In contrast, since polishing may
compromise the vitrified glass-like surface of
prefabricated composite resin veneers, polishing should
be limited to patients with high exposure to staining
agents such as coffee, tea, or tobacco; in other patients,
the surfaces should be left untreated. Considering these
findings, we believe that further long-term in vivo and in
vitro studies are needed to achieve a more comprehensive
understanding of the performance and characteristics of
these materials and techniques.
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ABSTRACT

INTRODUCTION: Knowledge and awareness of molar incisor hypomineralization gained during undergraduate dental education have a direct influence
on future clinical practice. This cross-sectional study aimed to evaluate final-year dental students’ knowledge and awareness of MIH.

MATERIAL and METHODS: A previously validated questionnaire was administered face-to-face to fifth-year dental students. The survey assessed
students’ knowledge and awareness of MIH, including its diagnosis, prevalence, etiology, and management, and was structured into two sections:
knowledge/awareness and clinical application. Descriptive statistics were used to analyze all responses.

RESULTS: Of the 320 eligible students, 297 participated in the study (92.8%), and all were familiar with MIH (100%). Although most students had
theoretical knowledge, only 16.8% felt very confident in diagnosing MIH, and 66.3% reported difficulty distinguishing it from similar enamel defects.
Yellow/brown opacities were the most frequently recognized lesions (49.5%), and 28.1% had observed MIH-like defects in teeth other than first permanent
molars and incisors. Genetic predisposition was the most frequently selected etiological factor (88.6%). Composite resin was the most preferred
restorative material for MIH-affected teeth, while desensitizing toothpaste (73%) and fluoride applications (70-56%) were widely chosen for sensitivity
management. Nearly all students expressed the need for additional MIH-focused clinical training, particularly in diagnosis (83.8%) and treatment (82.5%).

CONCLUSION: Although final-year dental students demonstrate high awareness of MIH, gaps persist in diagnostic confidence, differentiation from similar
defects, and practical clinical management.

Keywords: Molar incisor hypomineralization, Knowledge, Awareness, Dental students

(074
GIRIS: Lisans diizeyindeki dis hekimligi egitimi sirasinda kazanilan biiyiik azi keser hipomineralizasyonu (BAKH) ile ilgili bilgi ve farkindalik, gelecekteki

klinik uygulamalari dogrudan etkilemektedir. Bu kesitsel ¢alismanin amaci, son sinif dis hekimligi 6grencilerinin BAKH konusundaki bilgi ve farkindalik
diizeylerini degerlendirmektir.

GEREC ve YONTEM: Daha 6nce gegerliligi kanitlanmig bir anket, beginci sinif dis hekimligi 6grencilerine yiiz yiize uygulanmistir. Anket; BAKH'nin
tanisi, prevalansi, etiyolojisi ve y6netimini kapsayan bilgi ve farkindalik diizeylerini degerlendirmis ve iki béliimden olusmustur: bilgi/farkindalik ve klinik
uygulama. Tum yanitlarin analizinde tanimlayici istatistikler kullaniimistir

BULGULAR: Galismaya, katilm kriterlerine uygun 320 &grenciden 297’si katilmigtir (%92,8) ve tim katilimcilarin BAKH hakkinda bilgisi oldugu
saptanmigtir (%100). Ogrencilerin ¢cogu teorik bilgiye sahip olmasina ragmen, yalnizca %16,8'i BAKH tanisi koyma konusunda kendini ¢ok yeterli
hissettigini belirtmis, %66,3’l ise BAKH'u benzer mine defektlerinden ayirt etmede zorluk yasadigini ifade etmistir. Sari/kahverengi opasiteler en sik
taninan lezyonlar olup (%49,5), 6grencilerin %28, 1’i birinci daimi molarlar ve kesici disler disinda da BAKH benzeri defektler gézlemledigini bildirmistir.
Genetik yatkinlik en sik segilen etiyolojik faktér olmustur (%88,6). BAKH'lu dislerde en ¢ok tercih edilen restoratif materyal kompozit rezin iken,
hassasiyetin y6netiminde desensitize edici dis macunlari (%73) ve flor uygulamalari (%70-56) yaygin olarak tercih edilmistir. Ogrencilerin neredeyse
tamami, dzellikle tani (%83,8) ve tedavi (%82,5) alanlarinda BAKH’a yénelik ek klinik egitime ihtiya¢ duyduklarini belirtmistir.

SONUGC: Son sinif dis hekimligi 6grencileri BAKH konusunda yiiksek farkindalik diizeyine sahip olmakla birlikte, tanisal giiven, benzer mine
defektlerinden ayirt etme ve pratik klinik yénetim alanlarinda eksiklikler bulunmaktadir.
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INTRODUCTION

Molar Incisor Hypomineralization (MIH) was first
defined in 2001 by Weerheijm et al. as a qualitative
developmental defect of enamel mineralization,
characterized by demarcated opacities affecting at least
one first permanent molar, with or without involvement
of the permanent incisors." 2 The prevalence of MIH
varies considerably across studies, ranging from 2% to
40% worldwide with an estimated global prevalence of
14.2%, and between 5.2% and 14.9% in studies
conducted in Turkey.>* Current evidence indicates that
MIH has a multifactorial etiology resulting from the
interaction of systemic, genetic, and epigenetic factors.'®
! Therefore, MIH is considered a developmental enamel
defect influenced by multiple contributing factors rather
than a condition attributable to a single cause.'® !!

MIH is clinically characterized by the presence of
enamel opacities ranging from white to yellow—brown in
color, with a demarcated line between the lesion and
healthy enamel depending on the severity of the
condition.'” 13 Hypomineralized enamel is susceptible to
post-eruptive breakdown and hypersensitivity, and it is
prone to the development of carious lesions and pain.'?
13 The affected enamel exhibits a lower mineral density
and higher protein content compared to healthy enamel,
which has been shown to reduce bonding success,
particularly in adhesive restorative procedures, and to
complicate clinical management.'* > Inadequate local
anesthesia, increased sensitivity, restoration failures, and
the need for repeated treatments are commonly reported
clinical challenges.'® 7 When these factors are
considered collectively, MIH has been demonstrated to
exert a substantial detrimental influence on both patients'
quality of life and clinicians' treatment planning. !4

Considering the challenges of clinical management
and its adverse effects for patients, MIH is recognized as
a significant public health issue.!® Therefore, MIH should
be included as a fundamental learning outcome in
educational curricula. However, studies conducted in
different countries indicate that awareness of MIH and
competence in its clinical management among dentists
and dental students are not insufficient.!®?* In this
context, assessing future dentists' level of knowledge and
awareness of MIH is critical to understanding the
effectiveness of current dental education and for guiding
curriculum development efforts. Therefore, the aim of
this study is to comprehensively evaluate fifth-year
dental students' knowledge levels, clinical experiences,
management perceptions, and educational needs
regarding MIH; and to contribute to the existing literature
and the strengthening of undergraduate dental education
programmes with the findings obtained.

MATERIALS and METHODS
Study Design

The present cross-sectional observational study was
conducted to evaluate the knowledge and awareness
levels of fifth-year students regarding MIH at two dental
faculties (Faculty of Dentistry, Izmir Katip Celebi
University University and Ege University). The sampling
frame consisted of all fifth-year dental students enrolled
in both participating dental faculties during the 2024—
2025 academic year. Students who were present during
the data collection period and agreed to participate
voluntarily were included in the study, whereas students
who were absent during the data collection sessions or
declined participation were excluded. The study was
conducted with the approval of the Health Research
Ethics Committee of Izmir Katip Celebi University
(report no: 2024-0305), in accordance with the ethical
principles of the Declaration of Helsinki and current data
protection regulations.

Sample Size

The sample size was calculated using the Steven K.
Thompson formula, which incorporates a finite
population correction. The confidence level was set at
95% (Z = 1.96), the margin of error at 5% (d = 0.05), and
the estimated prevalence at a conservative level of 0.5 (p
= 0.5). Assuming a total population of 320 fifth-grade
students were accessible, the minimum required sample
size was calculated to be 175. In consideration of the 15%
non-response rate, the final target sample size was
determined to be a minimum of 202. In this study, the
primary outcome used for the sample size calculation was
defined as the proportion of students who were aware of
MIH. Since no previously reported data were available
for this proportion in the target population, a conservative
estimate of p = 0.5 was used.

Data Collection

Data regarding dental students’ knowledge and
awareness of MIH were collected through a face-to-face
questionnaire consisting of 23 closed-ended questions,
including dichotomous, single-choice, and multiple-
choice items (Supplementary File 1). Before beginning
the questionnaire, participants were provided with an
informative statement explaining the purpose and scope
of the study titled “Assessment of the Knowledge and
Awareness Levels of Final-Year Dental Students
Regarding Molar Incisor Hypomineralization: A Cross-
Sectional Study.”” This text stated that participation was
voluntary, responses would be kept confidential, and
students could withdraw from the study at any stage.
Apart from the informative statement, the questionnaire
consisted of two main sections: (1) Questions assessing
students’ familiarity with MIH, their sources of
information, their knowledge of MIH-related etiological
factors and clinical features, their level of confidence in
diagnosing MIH, the difficulties experienced in
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distinguishing MIH from other developmental enamel
defects, the frequency of encountering such defects, and
their level of knowledge regarding the prevalence of MIH
in the population. (2) Questions evaluating the most
preferred restorative materials for MIH-affected teeth,
the factors influencing material selection, the clinical
challenges encountered in the management of MIH, and
the perceived need for clinical training on MIH. The
terms awareness, knowledge, and diagnostic confidence
in this study refer to students’ self-reported familiarity
with MIH, their responses to knowledge-related
questionnaire items, and their perceived confidence in
diagnosing MIH. These variables were evaluated
descriptively based on individual questionnaire
responses rather than a composite scoring system.

The questionnaire items were adapted and
synthesized from previously published surveys assessing
knowledge and perceptions of MIH among dental
students and dentists.'*?* The questionnaire was prepared
in Turkish and reviewed by the research team to ensure
clarity and relevance to the study objectives. Prior to the
data collection process, a pilot study was conducted with
ten fifth-year students to evaluate the clarity and
readability of the questionnaire items. Based on the
feedback obtained from this study, it was determined that
no major modifications to the questionnaire items or
response options were necessary. Since the data obtained
from the pilot study did not represent the final
questionnaire responses, they were not included in the
study’s dataset. Following the completion of the pilot
phase, the questionnaires were administered face-to-face
to participants between April and July 2025. The
questionnaires were administered by three members of
the research team. Each questionnaire was conducted by
a single interviewer who read the questions aloud and
recorded the responses. To ensure consistency, all
interviewers followed the same standardized explanatory
script during the administration of the questionnaire.
Eligible students were approached in person while they
were present at the faculty and were invited to participate
in the study. Participation was voluntary and no
incentives were provided. All responses were
anonymized and stored securely in accordance with
confidentiality principles. Before statistical analysis, the
data were organized using Microsoft Excel (Microsoft
Corp., WA, USA).

Statistical Analyses

Descriptive statistics, including frequencies and
percentage distributions, were calculated for all items
assessing students’ knowledge and awareness related to
MIH. In addition, comparative analyses were performed
using the chi-square test to evaluate potential
associations between selected variables (e.g., gender,
exposure to MIH cases, and primary source of MIH
information) and key outcomes such as knowledge of
diagnostic criteria and diagnostic confidence. All

descriptive analyses were performed using IBM SPSS
Statistics for Windows, Version 22.0 (Armonk, NY: IBM

Corp.).

RESULTS

A total of 320 students were considered eligible to
participate in the study. All eligible students were
approached during the data collection period. Of these,
297 students agreed to participate and completed the
questionnaire, resulting in a response rate of 92.8%.
Among the participants, 163 (54.9%) were female and
134 (45.1%) were male. Twenty-three students did not
participate because they were either absent during the
data collection sessions or declined participation. As the
questionnaire was administered face-to-face, all
participating students completed the survey in full,
resulting in the effectiveness rate of the questionnaire
was 100%.

Students' responses regarding their self-reported
knowledge and perceptions of MIH are summarized in
Table 1. All participants (100%) reported being familiar
with MIH, and the majority (92.9%) indicated that their
primary source of information was undergraduate
education, followed by books (32.3%), internet sources
(31.6%), and seminars (12.5%). Regarding the clinical
criteria to diagnose of MIH, 66% of the students reported
that they were aware of the diagnostic criteria for MIH
and knew how to apply them clinically, whereas 18.2%
stated that they were aware of the criteria but did not
know how to implement them. Concerning the diagnostic
definition of MIH, 62.3% of the students identified the
condition as requiring the involvement of at least one
permanent molar and one permanent incisor, 27.9%
believed that only one molar needed to be affected, and
3.4% selected “at least one incisor.” Knowledge levels
differed significantly according to the primary source of
MIH information, with students reporting undergraduate
education as their main source demonstrating higher
correct response rates for the diagnostic criteria question.
Since all participants were final-year dental students
exposed to the same curriculum, this difference may be
related to individual engagement with theoretical
instruction rather than differences in educational content.

Students attributed MIH to a wide range of etiological
factors. The most frequently selected factor was genetic
predisposition (88.6%), followed by chronic medical
conditions during pregnancy (67.3%) and maternal
antibiotic use (63.3%).

Students’ self-reported confidence in diagnosing
MIH exhibited significant variation. 16.8% of
respondents reported being “very confident,” while
66.3% indicated “confident,” 14.5% reported “slightly
confident,” and 2.0% stated “’no confidence’’. Two-
thirds of the participants (66.3%) reported difficulty
differentiating MIH from other dental conditions. Among
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these, enamel hypoplasia (54.8%), amelogenesis
imperfecta (35.3%), and dental fluorosis (19.9%) were
the most frequently cited challenging differential
diagnoses.

The majority of students (82.8%) reported being
aware of the estimated MIH prevalence in Turkey and
94% expressed agreed that investigating national
prevalence would be valuable. With respect to clinical
exposure, 32.7% stated that they had never encountered

MIH during their clinical training, while 35.4%
encountered MIH annually and 23.2% monthly. When
the appearance of the lesions was evaluated,
yellow/brown opacities (49.5%) were the most
frequently selected option. Additionally, 28.1% of the
participants reported that demarcated opacities were also
observed in teeth other than the first permanent molars
and incisors, most commonly in second permanent
molars (12.5%), premolars (12.1%), permanent canines

(11.4%), and 6.7% primary molars.

Table 1: Students’ responses on knowledge, attitudes and believes towards MIH diagnosis and prevalence

Question N (%)
Q1 Are you familiar with MIH?
Yes 297 (100%)
No 0 (0%)
- If yes, how did you hear about it?*
Undergraduate education 276 (92.9%)
(Lectures, Clinical Observations)
Books 96 (32.3%)
Dental Courses 31 (10.4%)
Seminar 37 (12.5%)
Internet 94 (31.6%)
Dental journals 16 (5.4%)
Brochures 3 (1%)
Others 3 (1%)
Q2 Do you know if there are clinical criteria to diagnose MIH?
Yes, and I know how to implement them 196 (66%)
Yes, but I don’t know how to implement them 54 (18.2%)
No, I have no idea at all. 47 (15.8%)
Q3 Which teeth must be affected for the diagnosis of MIH?
At least one molar and one incisor 185 (62.4%)
At least one molar tooth 83 (27.9%)
At least one incisor tooth 10 (3.4%)
All incisors + at least one molar 10 (3.4)
No idea 9 (3%)
Q4 Which factor(s) do you think are involved in the etiology of MIH?*
Genetic factors 263 (88.6%)
Chronic medical conditions affecting the mother 200 (67.3%)
during pregnancy
Antibiotics/medications taken by the mother 188 (63.3%)
during pregnancy
Chronic medical conditions affecting the child 160 (53.9%)
Antibiotics/medications taken by the child 158 (53.2%)
Acute medical conditions affecting the mother 140 (47.1%)
during pregnancy
Acute medical conditions affecting the child 113 (38.8%)
Environmental pollutants 112 (37.7%)
Fluoride exposure 102 (34.3%)
I have no idea 6 (2%)
None of these 3 (1%)
Qs How confident do you feel when diagnosing MIH?
Very confident 50 (16.8%)
Confident 198 (66.3%)
Slightly confident 43 (14.5%)
Not confident at all 6 (2%)
Q6 Do you have difficulty distinguishing MIH as a developmental defect of enamel that differs from other tooth
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conditions?
Yes 197 (66.3%)
No 100 (33.7%)
- If yes, which ones?
Dental fluorosis 59 (19.9%)
Enamel hypoplasia 163 (54.8%)
Amelogenesis imperfecta 105 (35.3%)
Dentinogenesis imperfecta 29 (9.8%)
Others 0 (0%)
Q7 Are you aware of the prevalence of MIH in Turkey?
Yes 246 (82.8%)
No 51(17.2%)
Q8 Where do you estimate the prevalence of MIH in Turkey to be?
<10% 100 (32.7%)
10%-25% 181 (60.9%)
>25-50% 16 (5.4%)
Q9 Do you think it would be worthwhile investigating the prevalence in Turkey?
Yes 279 (94.0%)
No 18 (6%)
Q10 How often do you see teeth with MIH in your clinical courses?
Never seen 97 (32.7%)
Weekly basis 25 (8.4%)
Monthly basis 69 (23.2%)
Yearly basis 105 (35.4%)
Q11  Which of the following features do you most frequently notice regarding severity of the defect?
White demarcation 118 (39.7%)
Yellow/brown demarcation 147 (49.5%)
Post-eruptive enamel breakdown 32 (10.8%)
Q12 In clinic, have you encountered demarcated hypomineralized defects in permanent teeth other than the first permanent
molars and incisors?
Yes 83 (28.1%)
No 212 (71.9%)
- If yes, please name the tooth/teeth?
Canines 34 (11.4%)
Premolars 36 (12.1%)
Second permanent molars 37 (12.5%)
Primary molars 20 (6.7%)
Q13 How frequently do you notice demarcated hypomineralized lesions in the second primary molar tooth in comparison
to the first permanent molar tooth?
More frequently 33 (11.1%)
Less frequently 102 (34.3%)
The same as for the first permanent molar 22 (7.4%)
Never seen it 138 (46.5%)

fMultiple choices were allowed
MIH: Molar Incisor Hypomineralization

Table 2: Knowledge, attitudes, and beliefs on management and education need of students towards MIH
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Question

N (%)

Q14 Do you think MIH is a clinical problem?

Yes 251 (84.5%)
No 46 (15.5%)
- If yes, what do you experience problems with? ¥
Diagnosis 161 (64.1%)
Esthetics 165 (65.7%)

Achieving adequate local anesthesia

133 (53%)

Providing adequate restorations

145 (57.8%)

Long-term success of restorations

171 (68.1%)

Achieving patient comfort (for function, oral

85 (33.9%)

hygiene)
Q15  Considering your clinical courses, have you observed that these teeth require retreatment?
Yes 150 (50.5%)
No 147 (49.5%)
Q16 Which factors influence your choice of restorative material? f
Adhesion 224 (75.4%)
Esthetics 223 (75.1%)
Patient/parent preference 81 (27.3%)
Durability 239 (80.5%)
Remineralization potential 170 (57.2%)
Sensitivity 188 (63.3%)
Personal experience 99 (33.3%)
Research findings 80 (26.9%)
Q17  Which material do you use MOST in treating MIH teeth? ¥
Amalgam 5(1.7%)
Composite resin 176 (59.2%)
Flowable composite resin 82 (27.6%)

Indirect Restorations (inlay/onlay)

104 (35 %)

Compomer 125 (42.1%)
Glass Ionomer/Resin Modified Glass 136 (45.3%)
Tonomer Cement
Preformed crowns 110 (37%)
ICON/Resin Infiltration 101 (34.4%)
Desensitizing toothpaste 132 (44.4%)
Fluoride treatments (gel/varnish) 165 (55.6%)
Others 0 (0%)
Q18 What are your choices for sensitivity management in MIH? t
Amalgam 1(0.3%)
Composite resin 67 (22.6%)
Flowable composite resin 31 (10.4%)
Indirect Restorations (inlay/onlay) 17 (5.7%)
Compomer 37 (12.5%)
Glass lonomer/Resin Modified Glass 38 (12.8%)
Tonomer Cement
Preformed crowns 20 (6.7%)
ICON/Resin Infiltration 27 (9.1%)
Desensitizing toothpaste 218 (73.4%)
Fluoride treatments (gel/varnish) 208 (70%)
Others 0 (0%)

Q19 What are your preferred restorative materials for cavitated MIH-affected anterior teeth? t
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Amalgam 1 (0.1%)

Composite resin 223 (75.1%)

Flowable composite resin 122(41.1%)

Indirect Restorations (Inlay/onlay) 58 (19.5%)
Compomer 117 (39.4%)
Glass Tonomer/Resin Modified Glass 79 (26.6%)

Tonomer Cement

Preformed crowns 56 (18.8%)

ICON/Resin Infiltration 60 (20.2%)
Desensitizing toothpaste 62 (20.9%)
Fluoride treatments (gel/varnish) 55 (18.5%)
Others 0 (0%)
Q20 What are your preferred restorative materials for cavitated MIH-affected posterior teeth? ¥
Amalgam 16 (5.4%)
Composite resin 220 (74.1%)
Flowable composite resin 111 (37.8%)
Indirect Restorations (Inlay/onlay) 115 (38.7%)
Compomer 139 (46.8%)
Glass lonomer/Resin Modified Glass 136 (45.8%)
Tonomer Cement
Preformed crowns 133 (44.8%)
ICON/Resin Infiltration 73 (24.6%)
Desensitizing toothpaste 56 (18.9%)
Fluoride treatments (gel/varnish) 54 (18.1%)
Others 0 (0%)
Q21  Would you suggest including clinical training regarding MIH in your dental course?
Yes 297 (100%)
No 0 (0%)
Q22 Ifyes, in which area(s) do you think you need to know/be taught about the most? *
Diagnosis 249 (83.8%)
Etiology 174 (58.6%)
Treatment 245 (82.5%)
Prevention 106 (35.7%)
Q23  Would you refer a child showing signs of MIH to a pediatric dentist?
Yes 290 (97.6%)
No 7 (2.4%)

"Multiple choices were allowed
MIH: Molar Incisor Hypomineralization

The responses given by students with regard to
treatment preferences, clinical challenges associated with
MIH, and educational needs are summarized in Table 2.
The majority of participants (84.5%) considered MIH to
be a clinical problem, identifying long-term restoration
success (68.1%), and esthetic concerns (65.7%) as the
most prominent problems. Students reported durability
(80.5%), adhesion (75.4%), esthetics (75.1%), and
sensitivity management (63.3%) as the most influential
factors in selecting restorative materials for MIH-
affected teeth.

The majority of students expressed a preference for
composite resin in the management of MIH-affected

teeth, with flowable composite and compomer also being
frequently selected. Resin-modified glass ionomer
cement showed a comparable level of use,, whereas
preformed crowns were chosen more often in posterior
lesions than for anterior ones. For sensitivity
management, desensitizing toothpaste (73%) and
fluoride treatments (70—-56%) were the most commonly
reported options. In cavitated anterior teeth, composite
resin remained the dominant material (75%), whereas in
cavitated posterior teeth it was again the primary choice
(74%) with increased use of compomer, RMGIC, and
preformed crowns. Amalgam demonstrated consistently
minimal preference across all situations (<5%).
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Interest in MIH education, all students (100%)
indicated that MIH-related clinical training should be
included in the curriculum. The areas in which students
felt they most needed additional instruction were
diagnosis (83.8%) and treatment (82.5%), followed by
etiology (58.6%) and prevention (35.7%). Almost all
respondents (97.6%) stated that they would refer a child
exhibiting MIH symptoms to a pediatric dentist.

Additional comparative analyses were conducted to
further explore associations between selected variables.
No statistically significant difference in MIH knowledge
was observed between female and male students (y? test,
p = 0.082). However, students who reported
encountering MIH cases more frequently demonstrated
significantly higher diagnostic confidence (y* test, p <
0.001). Clinical exposure to MIH was also significantly
associated with correct identification of diagnostic
criteria ()2 test, p < 0.01). Furthermore, knowledge levels
differed significantly according to the primary source of
MIH information, with students reporting undergraduate
education as their main source demonstrating higher
correct response rates in identifying the diagnostic
criteria for MIH (? test, p < 0.05).

DISCUSSION

Molar Incisor Hypomineralization (MIH) is a
developmental enamel defect that poses significant
challenges in clinical management and can negatively
affect patients’ quality of life.'*>>2¢ Early diagnosis and
preventive approaches may help reduce long-term
treatment costs and the overall burden on public
health.?>26 Therefore, evaluating the knowledge and
awareness of dental students regarding MIH is important
for identifying educational gaps and improving dental
curricula.

This study is one of the first to comprehensively
assess the knowledge, attitudes, clinical
experience/observations, and educational needs of fifth-
year dental students in Turkey regarding MIH. The high
participation rate compared and the 100% completion
rate of the questionnaires are noteworthy with similar
studies.!?* These outcomes are likely related to the face-
to-face administration of the questionnaire. The survey
was implemented using a digital format while the
questions were read aloud by a researcher and the
responses were recorded directly, which helped minimize

incomplete  responses and participant  drop-out
commonly observed in self-administered online
surveys.!?* In addition, this approach ensured

standardized delivery of the questions and allowed
immediate clarification when needed.

When the results of this study were analyzed, the fact
that all participating students had heard of the term MIH
suggests that they are familiar with the concept of the
condition. This finding is largely consistent with the

results of studies conducted in various countries. For
example, Hamza et al. in Switzerland reported 100%
familiarity among students, while Tarazona-Valero et al.
in Spain reported 97%, Gunay et al. in Turkey reported
98.1%, and Elhennawy et al. in Germany reported 97%
familiarity with MIH.!"" 2>2* In contrast, studies
conducted in Egypt showed lower levels of awareness,
with El-Sheikh et al. reporting 70.7% and Yehia et al.
reporting 69.2%.2" 22 The lowest familiarity rate was
reported in Saudi Arabia by Silva et al., where only
28.4% of students had heard of the term MIH.?’ Although
MIH has been recognized in the dental literature for
approximately 25 years,! its systematic integration into
university curricula and the corresponding improvement
in students’ knowledge levels through academic
instruction is a gradual process. The differences observed
between countries may be attributed to how extensively
MIH is covered in dental education programs and to the
fact that the studies were conducted in different periods.
At the universities where the present study was
conducted, MIH is included in the pediatric dentistry
curriculum at different class levels—specifically in the
second year at [zmir Katip Celebi University and in the
fourth year at Ege University. This inclusion in the
curriculum is considered a contributing factor to the high
level of awareness observed among the students.

Sixty percent of the students in this study estimated
the prevalence of MIH in Turkey to be approximately
10-25%. This finding is broadly consistent with both the
global average prevalence and previously reported
prevalence ranges in Turkey (5-15%).%° This findings
suggests the students’ responses regarding prevalence
were broadly consistent with established epidemiological
data. However, approximately 32% of the students
reported that they had never encountered MIH in the
clinic, and approximately 35% stated that they saw only
one patient per year. This indicates that their clinical
exposure to MIH is relatively limited. Similar
observations have been reported in studies conducted in
Germany, Switzerland, and Egypt, where students rarely
encounter MIH in clinical settings.!® 2% 22 2 Although
MIH is a relatively common condition,’ students’ limited
clinical familiarity may be attributed to to difficulties in
recognizeing MIH-affected patients are routinely
assigned to students for treatment. Taken together, these
findings highlight a gap between theoretical knowledge
and clinical practice. Supporting this interpretation,
present study revealed that clinical exposure to MIH
cases was significantly associated with correct
identification of diagnostic criteria, suggesting that
increased clinical experience may contribute to improved
diagnostic understanding.

In this study, most students identified genetic factors
as the most important contributors to MIH etiology,
followed by maternal medical conditions, medication use
during pregnancy, and childhood illnesses. These
findings closely parallel those from studies conducted in
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Germany, Switzerland, Saudi Arabia, and Spain.!® 2! 2%

27 The literature consistently emphasizes that MIH has a
multifactorial etiology shaped by interactions among
prenatal, perinatal, and postnatal factors, and the fact that
students selected multiple contributing factors reflects
this understanding.®1% 12

Although most students reported having heard of
MIH, their self-reported confidence in applying this
knowledge clinically was relatively limited. Sixtysix
percent of the students reported being aware of the
diagnostic criteria for MIH and knowing how to apply
them clinically, a substantial proportion either reported
being unable to apply the criteria (18.2%) or had no
knowledge of them (15.8%). The proportion of students
who felt “very confident” in diagnosing MIH was only
16.8%. These findings are consistent with reports from
Switzerland and Germany, where more than 80% of
students expressed lack of confidence in diagnosing
MIH, ' 2 and parallel results from Egypt, Switzerland,
Germany, and Spain, where “very confident” rates were
below 20% and the proportion of students familiar with
diagnostic criteria generally remained below 30%.!%20.22
23 This lack of confidence may be influenced by MIH’s
heterogeneous clinical presentation, its potential
confusion with other enamel and dentin developmental
defects, and the limited clinical exposure experienced by
students. In addition, further comparative analysis
performed in this study showed that students who
reported encountering MIH cases more frequently
demonstrated significantly higher diagnostic confidence.
This finding supports the interpretation that limited
clinical exposure may be an important factor underlying
students’ lower confidence in diagnosing MIH.

Supporting these findings, the present study also
showed that most students reported difficulty
distinguishing MIH from other developmental enamel
defects. The anomalies most frequently confused with
MIH were enamel hypoplasia, dental fluorosis, and
amelogenesis imperfecta. This findings are consistent
with previous reports in the literature. For example, in
Spain, dental fluorosis (49.3%) and enamel hypoplasia
(29.1%)were most frequently confused with MIH; in
Germany, enamel hypoplasia (47%), amelogenesis
imperfecta (48%), and fluorosis (34%); in Switzerland,
amelogenesis imperfecta (58%), enamel hypoplasia
(49%), and fluorosis (23%); and in Egypt, enamel
hypoplasia (58%), amelogenesis imperfecta (27.6%), and
fluorosis (18.6%) have been reported as the anomalies
most commonly mistaken for MIH.'*2 This consistency
indicate that MIH diagnosis cannot be reliably achieved
through theoretical knowledge alone. Approximately
two-thirds of the dental students identified yellow—brown
opacities as the most frequently observed defect.
Previous studies have suggested that such lesions are less
likely to be confused with fluorosis, enamel hypoplasia,
or early carious white-spot lesions, which may explain
this finding.!”? Conversely, post-eruptive enamel

breakdown was reported as the least frequently observed
condition, possibly due to its masking by caries or
atypical restorations. Taken together, these findings
emphasize that MIH education should not be limited to
theoretical instruction. Integrating practice-oriented
approaches—such as case-based learning, diagnostic
scenarios supported by clinical photographs and videos,
standardized clinical examples, and structured
observation forms—into the curriculum is likely to play
a critical role in improving diagnostic confidence.

In the present study, only 28.1% of the students
reported that MIH-related demarcated opacities may
occur in permanent or primary teeth other than the first
permanent molars and incisors. This finding indicates
that a substantial proportion of students still perceive
MIH as a condition limited strictly to its typical tooth
locations. When compared internationally, the proportion
reported in the present study is similar to that observed in
studies conducted with dental students in other
countries.’”?>? Among students who stated that they
observed MIH-like lesions beyond the first permanent
molars and incisors, 12.5% identified second permanent
molars, 12.1% premolars, 11.4% canines, and 6.2%
primary molars. The relatively similar frequencies across
these tooth groups suggest that this knowledge may be
derived more from theoretical instruction than from
clinical experience.

A high proportion of students (84.5%) reported that
MIH presents significant clinical challenges. The most
frequently highlighted concerns were long-term
restoration  failure, esthetic ~ problems, and
hypersensitivity. MIH-affected enamel is characterized
by lower mineral density, higher protein content, and an
acid-resistant irregular surface, all of which reduce the
ability to achieve reliable bonding with restorative
materials and consequently diminish treatment success.'®
25,26 This findings are consistent with the difficulties and
treatment trends reported in contemporary literature on
MIH management.'3?26 Structural differences from
sound enamel, the inflammatory response of the dentin—
pulp complex, and the increased difficulty in behavior
management in pediatric patients collectively reflect the
scientific basis of the clinical challenges described by the
students.

When students were asked which material they most
commonly use in the treatment of MIH-affected teeth,
without specifying lesion characteristics or clinical
context, a wide and relatively homogeneous range of
materials was selected. Composite restorations and
fluoride applications were among the most frequently
chosen options. However several other materials—
including glass ionomer/RMGIC, desensitizing
toothpastes, compomer, prefabricated crowns, indirect
restorations, and ICON infiltration were also selected at
relatively high rates. This broad distribution likely
reflects the absence of information regarding lesion
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severity, enamel integrity, or clinical needs, which may
have prompted students to default to general restorative
strategies rather than MIH-specific decision-making.
However, when students were asked about their
treatment approaches for hypersensitive non-cavitated
teeth and for cavitated MIH lesions in the anterior and
posterior teeth, a clearer pattern emerged. For non-
cavitated but hypersensitive teeth, students most
frequently preferred remineralization agents and
desensitizing toothpastes. This aligns with minimally
invasive approaches reported in the literature.?> 2% 28 For
cavitated lesions in both the anterior and posterior teeth,
composite resin restorations were most frewuently
preferred option. The strong preference composite resin
is likely related to their familiarity with this material.

Current studies and systematic reviews indicate that
stainless steel crowns achieve significantly higher
success rates than composite restorations in posterior
MIH cases with post-eruptive breakdown.?*3! However,
in the present study, students selected this option
considerably less frequently than composite resin
restorations. This finding may be ttributed to the limited
exposure and insufficient hands-on training during their
education. Although remineralization agents were
commonly preferred for hypersensitive teeth, students’
tendency to choose restorative approaches rather than
contemporary minimally invasive options, such as resin
infiltration or microabrasion suggests gaps in their
knowledge in this area. These clinical preference patterns
further supports students’ strong demand for more MIH-
focused clinical training and their identification of
diagnosis and treatment as the areas in which they feel
the greatest need for instruction. Similarly, the high rate
at which students reported referring children with MIH to
a pediatric dentist indicates limited confidence in
managing MIH cases and highlights perceived
deficiencies in this area.

The present study provides valuable insights into
dental students’ knowledge and awareness of molar
incisor hypomineralization, as it evaluates these aspects
through a face-to-face questionnaire format. However,
the study also has certain limitations. First, as it was
conducted at a single city, the findings may not fully
represent dental students across Turkey. Second, as with
all questionnaire-based studies, students may have
provided responses they believed were expected of them.
Future studies that incorporate standardized clinical
photographs or videos to objectively assess students’
diagnostic accuracy and treatment-planning skills would
yield more reliable and robust results. In addition,
because  the questionnaire was  administered
anonymously and no institutional identifiers were
collected, responses could not be analyzed separately by
university, which may limit the assessment of potential
institutional differences.

CONCLUSION

The findings of this study indicate that final-year
dental students report familiarity with the theoretical
aspects of MIH, however, their levels of understanding
and awareness regarding diagnosis, differential diagnosis
and clinical management need further improvement.
Given the limited clinical exposure to MIH cases, it is
suggested that dental curricula be strengthened by
incorporating more clinical practice, case-based learning,
and training focused on differential diagnosis.
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ABSTRACT

INTRODUCTION: Dental clinics pose unique risks for transmission of infection, particularly bloodborne pathogens such as hepatitis B virus (HBV).
Ensuring that students have sufficient knowledge of and adherence to infection control protocols is critical for the safety of patients and healthcare
providers. The aim of this study is to evaluate and compare the knowledge levels of infection control and practices of dental students at a university
in Turkey, with a particular focus on HBV awareness and prevention.

MATERIAL and METHODS: This cross-sectional study included 125 dental students from Mugla Sitki Kogman University and 35 practicing dentists
in Mugla, Turkey. Participants voluntarily completed a 23-item structured questionnaire covering sterilization, usage of personal protective equipment,
HBYV transmission, and vaccination. Chi-square and independent t-tests were used for comparisons.

RESULTS: A total of 160 volunteers including 125 dentistry students and 35 graduate dentists, participated in the study. Awareness of primary
transmission routes was high (n=129; 80.1%). Although 84 (52.5%) participants changed masks and gloves after treating each patient, students
replaced masks less frequently than graduates (p<0.05). Only 24 (15%) recognized Mycobacterium tuberculosis as the most likely airborne pathogen,
with graduates scoring significantly higher (p<0.05). Moreover, 74 (46.25%) identified autoclaving as the most suitable sterilization method in
dentistry, yet graduates showed significantly greater knowledge regarding autoclave use (p<0.05). Graduates’ knowledge and compliance scores
were also significantly higher than those of fifth-year students (p<0.05). While 65 (40.6%) had not received HBV vaccination, only 33 (20%) gained
immunity after vaccination; both vaccination and immunity rates were significantly higher among graduates (p<0.05). Awareness of HBV transmission
and airborne disease control was limited in both groups, with students scoring significantly lower. Overall knowledge was moderate.

CONCLUSION: This study indicates that infection control practices are particularly insufficient among dental students, and awareness regarding
HBV remains limited. These findings underscore the importance of reinforcing training on infection prevention throughout the dental curriculum,
integrating theoretical knowledge with practical training, and ensuring that students are adequately protected by the institution until sufficient
vaccination awareness and coverage are achieved.

Keywords: Dental Education, Dental Student, Hepatitis B Infection, Infection Control, Knowledge level, Vaccination

oz

GIRIS: B viriisti (HBV) gibi kan yoluyla bulasan patojenler agisindan enfeksiyon bulasmasi icin 6zgiin riskler tagimaktadir. Ogrencilerin enfeksiyon
kontrol protokollerine iliskin yeterli bilgiye ve uyuma sahip olmalari, hasta ve sadlik ¢alisani givenligi igin kritik Sneme sahiptir. Bu ¢calismanin amaci,
Tiirkiye'deki bir Gniversitede dig hekimligi dgrencilerinin enfeksiyon kontrol bilgisi ve uygulamalarini, 6zellikle HBV farkindaligi ve 6nlenmesi agisindan
dederlendirmek ve karsilagtirmaktir.

GEREC ve YONTEM: Bu kesitsel ¢alismaya, Mugla Sitki Kogman Universitesi'nden 125 dis hekimligi 6grencisi ve Mugla’da gérev yapan 35 pratisyen
dis hekimi dahil edilmistir. Katilimcilar, sterilizasyon, kisisel koruyucu ekipman (KKE) kullanimi, HBV bulag yollari ve asilama konularini igeren 23
maddelik yapilandiriimis bir anketi géndillii olarak doldurmusgtur. Karsilagtirmalarda Ki-kare ve bagimsiz t-testi kullaniimigtir.

BULGULAR: Toplam 160 génidillii, 125 dis hekimligi édrencisi ve 35 mezun dis hekimi ¢alismaya katilmistir. Temel bulasma yollarina iligkin farkindalik
yiksek bulunmustur (n=129; %80,1). Katilimcilarin 84°0 (%52,5) her hastanin tedavisinden sonra maske ve eldivenlerini dedistirmesine ragmen,
6drenciler maskelerini mezunlara kiyasla daha az siklikla degistirdigi goriilmistir (p<0,05). Katihmcilarin yalnizca 24°( (%15) en yiiksek olasilikla
hava yoluyla bulasan patojenin Mycobacterium tuberculosis oldugunu bilirken, mezunlarin bilgi diizeyi 6grencilerden anlamli derecede yiiksekti
(p<0,05). Bunun yaninda, 74 (%46, 25) katilimci dis hekimliginde sterilizasyon i¢in en uygun yéntemin otoklav oldugunu bilmektedir, ancak mezunlarin
otoklavlama stirecinde kullanilan sterilizasyon ydntemine iligkin bilgi diizeyi istatistiksel olarak anlamli derecede daha yiiksekti (p<0,05). Mezun dis
hekimlerinin bilgi ve uyum puanlari, 5. sinif 6grencilerine kiyasla anlamli derecede daha yiiksekti (p < 0.05). Katilimcilarin 65’ (%40,6) HBV asisi
yaptirmamigken, 33°U (%20) HBV asilamasi sonrasi bagisiklik kazanmistir; badisiklik ve asilama oranlar mezun gruplar arasinda istatistiksel olarak
anlamli derecede daha yiiksektir (p<0,05). HBV bulasi ve havayolu ile bulasan hastaliklarin kontroliine iliskin farkindalik her iki grupta da sinirii olup,
dgrenciler anlamli derecede daha diisiik puan almigtir. Genel olarak bilgi puani orta diizeyde bulunmustur.

SONUG: Bu ¢alisma, enfeksiyon kontrol uygulamalarinin 6zellikle dis hekimligi 6grencileri arasinda yetersiz oldugunu ve HBV farkindaliginin sinirl
kaldigini g6stermektedir. Bu bulgular, enfeksiyon énleme egitiminin dis hekimligi miifredati boyunca giiglendiriimesi, teorik bilginin klinik pratiginde
olusana kadar izlenmesi ve dgrencilerin yeterli agilama farkindali§i saglanana kadar okul tarafindan korunmasinin temin edilmesinin 6nemini
vurgulamaktadir.

Anahtar Kelimeler: Dis Hekimligi Egitimi, Dis Hekimligi Ogrencileri, Hepatit B Enfeksiyonu, Enfeksiyon Kontrolii, Bilgi Diizeyi, Asilama
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INTRODUCTION

Dental practice carries a significant risk of infectious
disease transmission through cross-contamination
between patients, practitioners, and the clinical
environment. Implementing proper infection control (IC)
measures is crucial to mitigate these risks and ensure
patient and provider safety.!

Infection control represents both a professional
obligation and an ethical responsibility for dental
practitioners. Patients rightfully expect a safe treatment
environment, necessitating comprehensive IC education
for dental students during their undergraduate training.
Dental schools must incorporate evidence-based IC
protocols into their curricula and ensure student
compliance with immunization programs.>*

Core IC measures include meticulous hand hygiene,
proper use of personal protective equipment (PPE), and
appropriate waste management. However, the World
Health Organization (WHO) reports suboptimal
compliance with hand hygiene protocols among
healthcare workers.>® Additional precautions are
required during aerosol-generating procedures, including
pre-procedural mouth rinses and rubber dam isolation.
Surface disinfection with hydrogen peroxide or sodium
hypochlorite solutions has proven effective in clinical
settings. *12

Bloodborne pathogens - particularly Hepatitis B virus
(HBV), Hepatitis C virus (HCV), and Human
Immunodeficiency Virus (HIV) - pose substantial
occupational hazards. HBV presents the highest
transmission risk in dental environments (up to 30%),
with demonstrated viability on surfaces for up to one
week and potential transmission through percutaneous or
mucosal exposure. Vaccination remains the most
effective preventive measure against HBV, offering 98-
99% immunity rates. Nevertheless, vaccination coverage
and awareness among dental professionals require
improvement.!3!4

It is crucial that dental students and dentists must be
educated on their awareness and knowledge levels
regarding HBV and clinical infection control, as well as
how to protect both themselves and their patients from
transmission during clinical practice. However, it has
been observed that there are few studies on this topic in
our country. Therefore, this study aims to evaluate the
knowledge levels, attitudes, behaviors, and hepatitis B
vaccination and serological statuses of dental students
and dentists, who are in a high-risk group, regarding
hepatitis B and clinical infection control. The study was
based on the hypothesis that infection-control
knowledge, attitudes, and practices would not differ
significantly —across participants with  different
professional roles (students vs. dentists), assuming that
clinical exposure level rather than role identity would be
the primary determinant.

MATERIAL and METHODS

This cross-sectional study was conducted at the
Faculty of Dentistry, Mugla Sitki Ko¢gman University
(MSKU), and among practicing dentists in the city of
Mugla, Turkey. Ethical approval was obtained from the
Medical Sciences Ethics Committee of MSKU
(Approval Date: 06/06/2024; Protocol No: 240094).
Participation was voluntary, and all respondents provided
informed consent.

This study included third-, fourth-, and fifth-year
dental students enrolled at the Faculty of Dentistry,
Mugla Sitki Kogman University (MSKU), as well as
practicing dentists currently working in Mugla. The
target population comprised all students in these three
academic years. Although the aim was to reach the entire
population, participation was based on voluntary
consent. A power analysis was performed to determine
the required sample size for four groups, with a power of
0.85 and alpha set at 0.05. Accordingly, a minimum of
137 participants was needed; however, to increase
reliability, the final sample included 160 individuals.

The 23-item structured questionnaire used in this
study was developed based on previously published
instruments evaluating infection-control knowledge,
attitudes, and behaviors among dental and medical
students,>!'* with item wording adapted to the local
educational and clinical context. Content relevance and
linguistic clarity were further reviewed by two experts in
infection control.

Before data collection, the draft questionnaire
underwent a pilot pre-test with 10 specialist dentists, who
were selected because they were best suited to evaluate
the clinical relevance, clarity, comprehensibility, and
conceptual accuracy of the questionnaire items, in line
with methodological recommendations for pilot
studies.!®> Minor wording refinements were made based
on the feedback obtained, and no pilot data were included
in the final analysis.

During the 2023-2024 academic year, there were 135
eligible students across the third, fourth, and fifth years.
Of these, 125 students participated in the study, in
addition to 35 practicing dentists. Student recruitment
was conducted via brochures distributed by class
representatives, inviting voluntary participation in an
online survey titled “Evaluation of the Knowledge,
Attitudes, and Behaviors of Dental Students and Dentists
Regarding Hepatitis B, Clinical Infection Control, and
HBV Vaccination and Serological Status.” The survey
link was sent by a researcher unaffiliated with the study
team. Graduate dentists were contacted through
professional networks and invited to complete the same
questionnaire either in print or electronically, depending
on preference and availability. Participation required
acceptance of an online informed consent form at the
beginning of the questionnaire. No personal identifiers
were collected.

Individuals in the first and second years of dental
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school, and those with less than two years of clinical
experience, were excluded from the study.

The data were collected using a self-administered 23-
item structured questionnaire developed based on a
comprehensive literature review and guided by the six
essential components of cross-infection control in
clinical settings'*: (1) use of personal protective
equipment, (2) procedures following contact with
contaminated materials, (3) post-exposure protocols and
prophylaxis, (4) sterilization assurance and monitoring,
(5) clinical waste management, and (6) standard
precautions with all patients. The first three questions
collected demographic data, including age, gender,
academic year (for students), and professional experience
(for dentists). Questions 4 and 5 focused on participants’
knowledge of transmission routes in dental clinics.
Question 6, presented in a multiple-choice format,
evaluated attitudes and practices concerning hand

Table 1: Questionnaire Items

hygiene. Question 7 addressed the proper use of personal
protective equipment, particularly mask usage duration
and glove replacement between patients. Questions 8 and
9 assessed knowledge related to airborne transmission
and associated preventive measures. Questions 10 and 11
investigated participants’ responses to sharps-related
injuries, including both behavioral and knowledge-based
aspects. Questions 12 through 14 measured knowledge
regarding sterilization procedures. Questions 15 to 17
explored attitudes, behaviors, and knowledge related to
Hepatitis B, including transmission and protection.
Questions 18 and 19 examined awareness of medical
waste management protocols. Questions 20 and 21
assessed participants’ practices for reducing airborne
transmission. Question 22 investigated the sources from
which participants obtained their information on clinical
infection control. Finally, question 23 evaluated
participants’ vaccination status against Hepatitis B and
their awareness of their serological immunity. (Table 1).

ltem No. | Question and Response Options

1 Age: 20-25/25-35/35-55/>55

2 Gender: Male / Female

3 Professional experience: (Students) 3rd year / 4th year / 5th year — (Graduates) <5 years / 5-10 years / >10 years

4 Routes of infection transmission in dental clinics (multiple answers allowed): Direct/indirect contact / Bloodborne / Airborne

5 Patient group requiring stricter infection control measures: Flu, measles, enterocolitis / HIV-HBV-HCV-Tuberculosis / All
patients

6 Hand hygiene practices (multiple answers allowed): Prefer alcohol-based disinfectant / Wash—disinfect after every patient /
Before touching the patient / After contact with relatives or equipment

7 Do you change your mask and gloves before treating a new patient?: Only mask / Only gloves / Both

8 When should the dental chair/unit/table be disinfected? (multiple answers allowed): After HBV-HCV-HIV-TB patients /
After flu, measles, enterocolitis / After all patients / Not required

9 Highest transmission risk via saliva: Tuberculosis / Influenza / HBV / Herpes simplex virus

10 Sharp-instrument injury in professional life (multiple answers allowed): Bulb broken in hand / Instrument puncture / Needle-
stick during treatment / Never

11 Management after injury (multiple answers allowed): Applied pressure and dressing / Covered wound / Washed with soap and
water / Cleaned with antiseptic / Went to hospital for testing / Did nothing

12 Difference between sterilization and high-level disinfection: Sterilization eliminates all microorganisms including spores that
high-level disinfection cannot / High-level disinfection eliminates all microorganisms including spores that sterilization cannot

13 Most appropriate method for sterilization of dental hand instruments: Moist heat / Dry heat / Chemical disinfectants /
Ultrasonic bath / All of the above

14 Method used for sterilization in an autoclave: Dry heat / Moist heat

15 Correct statements regarding HBV transmission (multiple answers allowed): Contact with blood/body fluids of infected person
/ Sharp injury contaminated with blood/body fluids of infected person / Sexual contact / Contaminated water / Fecal—oral route

16 Prevention of HBV infection for dentists (multiple answers allowed): Vaccination / Personal protective equipment (mask,
gloves, goggles) / Avoid treating HBV-infected patients / Multivitamins / Post-exposure antibiotics / Avoid sharp injuries /
Avoid contaminated water / Avoid undercooked food

17 Asymptomatic transmission statement: An HBV-infected individual may transmit without symptoms; therefore, patients
without a history should be treated as potentially HBV-positive. (True / False)

18 All waste in dental clinics (packaging, masks, gloves, objects contaminated with blood/body fluids) is medical waste and must
be discarded in red bags. (True / False)

19 Sharp and piercing wastes (ampoules, scalpel blades, dental syringe needles) should be stored together with other waste in red
bags. (True / False)

20 Use of PPE during examination and treatment: Always / Often / Sometimes / Rarely / Never

21 Do you ask patients to rinse with mouthwash before dental treatment?: Always / Often / Sometimes / Rarely / Never

22 Primary source of information on infection control and transmission: Undergraduate courses / WHO or similar websites /
Scientific articles / Social media / University seminars

23 HBV vaccination and serological status: Vaccinated / Did not check antibody titer after vaccination / Vaccine-induced
protective immunity / HBV carrier
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Statistical Analysis

Knowledge scores were calculated by assigning one
point for each correct answer, yielding a maximum score
of 18. Participants were categorized based on their
academic year (3rd, 4th, 5th) or as practicing dentists.
Descriptive statistics (frequencies, percentages, means,
and standard deviations) were used to summarize
participant characteristics and response patterns.

For group comparisons, the normality of data was
assessed using the Shapiro—Wilk test. Independent
samples t-tests were used to compare mean knowledge
scores between students and graduates. One-way
ANOVA or Kruskal-Wallis tests were used for
comparisons among multiple academic years, depending
on data distribution. Chi-square tests were employed for
categorical variables such as PPE usage, awareness of
airborne transmission, and HBV vaccination status.
Statistical significance was set at p < 0.05. All analyses
were performed using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Distribution of Participants’ Demographic
Characteristics

Statistical analyses were performed using Jamovi
software version 2.3.23. A total of 160 individuals
participated in the study, including 125 dental students
(78.1%) and 35 practicing dentists (21.9%). Among the
students, 55 (34.4%) were in their third year, 35 (21.9%)
in the fourth year, and 35 (21.9%) in the fifth year. In
terms of age distribution, 126 participants (78.8%) were
between 20 and 25 years old, 31 (19.4%) were between
26 and 35 years old, and 4 (2.5%) were between 36 and
55 years old (Table 2). Statistical comparisons were
made based on gender and professional experience.

Table 2. Demographic Characteristics of Participants by
Gender and Study Year

Age N (%)
20-25 126 (78.3)
25-35 30 (19.3)
35-55 4(2.5)
Gender

Male 73 (45.3)
Female 87 (54.7)
Occupational Experience

Student: 3. grader 55(34.2)
Student: 4. grader 35(20.5)
Student: 5. grader 35(14.3)
Graduated 21.0)

Knowledge Level of Participants’ Transmission
Routes

When participants were asked to identify the primary
routes of infection transmission in dental clinics, 129
individuals (80.1%) correctly indicated direct and
indirect contact, bloodborne transmission, and airborne
transmission. There was no statistically significant
difference between dental students and practicing
dentists in this regard (p > 0.05; Table 3). A small group
of participants (n = 12; 7.5%) incorrectly believed that
infection could occur only through physical contact.

Regarding the question on which patient group should
be managed with greater caution in infection control
procedures, 114 participants (70.8%) correctly answered
“all patients,” reflecting adherence to standard
precautions. Again, no significant difference was found
based on professional experience (p > 0.05). However,
44 participants (27.3%) incorrectly indicated that
heightened precautions were only necessary for patients
with infectious diseases such as HIV, HBV, HCV, or
tuberculosis.(Table 3).

Table 3: Summary of participants’ responses regarding transmission routes and patient groups requiring infection control

precautions in dental clinical settings

Question / Topic

Main findings Result

Main routes of infection transmission in dental
clinics

Correctly identified multiple routes
(direct/indirect contact, bloodborne,

80.1% (n = 129)

airborne)
Only bloodborne transmission mentioned ~ 2.5% (n=4)
Only airborne transmission mentioned 1.9% (n=3)

Incomplete or incorrect combinations

Patient groups requiring greater caution in
infection control

Only high-risk patients
(HIV/HBV/HCV/TB)

All patients should be treated equally with
standard precautions

7.5% (n = 12)
70.8% (n = 114)

27.3% (n = 44)

Other infectious diseases

(flu/measles/enterocolitis)

1.2% (n=2)

Percentages were calculated over the total sample (N = 160).
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Hand Hygiene and Personal Protective

Equipment Usage Behaviors

Focusing on hand hygiene practices in clinical
settings, 79 participants (49.4%) reported that they
"wash/disinfect their hands after every patient."
However, responses differed significantly by gender (p <
.001). Female participants were significantly more likely
to report proper hand hygiene compliance compared to
males. Conversely, male participants showed a higher
preference for using disinfectant over soap and water.
These findings are presented in Table 3.

In response to the multiple-choice question, “Please
mark the options that apply to you regarding hand

hygiene,” it was found that third-year students (32.7%)
reported significantly higher use of hand sanitizer
compared to practicing dentists (p = .003).

When asked, “Do you change your mask and gloves
when treating a new patient?”, 84 participants (52.5%)
gave the correct answer, while 75 participants (46.9%)
responded that they only change their gloves. Notably,
responses varied by professional experience (p = .034).
Fifth-year students were significantly more likely than
dentists to choose the option “I only change my gloves.
(Table 4)

Table 4: Summary of participants’ self-reported hand hygiene behaviors and personal protective equipment practices in dental

clinical settings.

Question / Topic

Main findings

Result

Hand hygiene practices

Prefer alcohol-based disinfectants over soap and water
Wash/disinfect after contact with patient relatives or staff

Wash/disinfect before touching the patient

Changing protective

equipment between patients Change both mask and gloves

Wash/disinfect hands after every patient

49.4% (n ="79)
23.1% (n =37)
21.9% (n = 35)
5.6% (n=9)

52.5% (n = 84)

Change only gloves 46.9% (n=175)
Change only mask 0.6% (n=1)
Percentages were calculated over the total sample (N = 160).
Knowledge  About Controlling  Airborne experience (p = .002), with practicing dentists more

Transmission and Behavior Preventing Airborne
Transmission

When participants were asked, “In which of the
following situations should the dental chair, unit, and
table be disinfected before treating a new patient?”, 153
participants (95.0%) provided the correct answer.
However, responses differed significantly by gender (p =
.006). Female participants were significantly more likely
to select the response “I disinfect after each patient,”
whereas male participants more frequently chose
alternative options.

In response to the question “Which agent carries the
highest risk of transmission?”’, only 24 participants (15%)
correctly  identified the appropriate  pathogen.
Interestingly, 69 participants (43.1%) selected herpes
simplex virus (HSV), while 37 (23.1%) chose hepatitis B
virus (HBV), and 30 (18.8%) chose influenza. Responses
to this question varied significantly based on professional

frequently selecting tuberculosis compared to students
(Table 5).

When asked about their habits related to the use of
personal protective equipment (PPE) during patient
examination and treatment, 103 participants (64.4%)
responded with “always.” The distribution of responses
differed significantly by gender (p = .027). Female
participants were more likely to report “frequent” use of
PPE, while male participants more often selected
“sometimes.”

Regarding the question “Do you ask your patients to
gargle before dental treatment?”, only 18 participants
(11.3%) gave the correct answer. Additionally, 59
participants (36.9%) answered “sometimes,” and 32
(20%) answered “often.” There were no statistically
significant differences between students and dentists in
response to this question (p > 0.05)(Table 5).
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Table 5: Summary of participants’ knowledge and self-reported practices related to airborne transmission control in

dental clinical settings

Question / Topic

Main findings Result

Disinfection of dental chair/unit/table between
patients

Only after HBV/HCV/HIV/TB patients

Only after common infections (flu, measles,

etc.)

Highest perceived transmission risk

HBYV considered high-risk

Tuberculosis / Influenza less frequently

Disinfection after every patient

Herpes Simplex Virus selected as highest risk

95.0% (n = 153)
44% (n="7)
0.6% (n=1)

43.1% (n = 69)
32.1% (n=23)
15.0% (n=24) /

selected 19.0%
(n=30)
Use of protective equipment (gloves, masks, aprons) Always use PPE 64.5% (n =104)

22.5% (n=36)/9.0%

Often / Sometimes use PPE

Never use PPE

Having patients gargle before treatment

Never

Always

Sometimes / Often

(n=15)

2.0% (n=3)
37.0% (n=159)/
20.0%

(n=32)

18.0% (n=29)
11.0% (n=18)

Percentages were calculated over the total sample (N = 160). HBV = Hepatitis B virus; HIV= Human Immunodeficiency Virus; HCV= Hepatitis

C virus; PPE = Personal protective equipment; TB = Tuberculosis.

Behavior and Knowledge Level Assessment of
Sharps Injuries and Knowledge Level of Sterilization

39 participants (24.2%) reported having had an
instrument puncture injury, while 30 participants
(18.6%) indicated that they had sustained injuries such as
a broken bulb or a needle stick during treatment when
they were asked, “Have you ever experienced a sharps
injury during your professional life?”. Responses to this
question  differed significantly by professional
experience (p < .001). Practicing dentists were
significantly more likely than students to report injuries
such as "a bulb broke in my hand," "a needle stuck in my
hand during treatment," or "a sharp instrument punctured
my hand."

In response to the question, “How did you manage the
wound following an occupational injury?”, 59
participants (44.7%) provided the correct answer.
Additionally, 44 participants (33.3%) stated they washed
the wound with soap and water, while 10 participants
(7.6%) believed that no action was necessary in case of
injury. There was no statistically significant difference
between students and dentists in responses to this
question (p > 0.05; Table 6).

When asked, “What is the difference between
sterilization and high-level disinfection?”, 138
participants (85.7%) responded correctly, whereas 23
participants (14.3%) mistakenly believed that high-level
disinfection is more effective than sterilization. No
significant difference was found between students and
dentists in this regard (p > 0.05).

In response to the question, “What is the most
appropriate method for sterilizing dental hand
instruments?”’, 74 participants (46.3%) gave the correct
answer. However, 49 participants (30.6%) believed that
dry heat was the preferred method, and 27 (16.9%)
selected “all methods are appropriate.” Responses to this
question did not vary significantly by professional
experience.

When asked, “Which method is used for sterilization
in an autoclave?”, 99 participants (62.3%) responded
correctly. Responses to this item showed significant
variation by professional experience (p = .004), with
practicing dentists selecting “moist heat” significantly
more often than students. Gender-based differences were
also observed (p = .018), with female participants more
frequently selecting “dry heat,” while male participants
more often identified “moist heat” as the correct
sterilization method (Table 6)

138



Int Arc Dent Sci. 2026, 47(2): 133-145

Table 6: Summary of participants’ knowledge of sterilization and their self-reported practices related to sharps injuries in dental

clinical settings

Question / Topic

Main findings Result

Sharp object injuries during professional
practice

Isolated instrument-related injuries

No injury experience

Management of occupational injuries

Washed with water and soap
Sought medical testing
Did nothing or only applied pressure

Understanding of sterilization vs. high-level
disinfection

Confused the two processes

Preferred method for sterilizing dental
instruments

Ultrasonic bath / Disinfectants

Sterilization principle in autoclaves

Incorrectly thought dry heat

Combined incidents (e.g., bulb break +
instrument injury)

Washed with antiseptic

Correct understanding of differences

Moist heat (autoclave) / Dry heat

Correctly identified moist heat

32.5% (n=51)

24.2% (n=39)

17.4% (n=28)

44.7% (n =159)

33.3% (n=44)

4.5% (n =6)

~7% each (n = 20 total)

85.7% (n=138)

14.3% (n=23)

46.0% (n="74)/30.5% (n
= 49)

5.0% (n=8)/1.0% (n=
2)

62.0% (n = 99)
38.0% (n = 61)

Percentages were calculated over the total sample (N = 160).

Knowledge Level, Attitudes, and Behaviors
Regarding HBV and Participants’ HBV Vaccination
and Serological Status Information

When participants were presented with a question
assessing their knowledge about the hepatitis B virus
(HBV), only 8 individuals (5%) selected the correct
answer. No statistically significant difference was

40f
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observed between students and dentists in this regard (p
> 0.05). The majority (n = 110) correctly identified
transmission through contact with the blood and bodily
fluids of infected individuals. However, misconceptions
were common: 20 participants believed HBV is spread
via the fecal—oral route, while 4 thought it is transmitted
exclusively through sexual contact. (Figure 1).

Figure 1. Distribution of participants’ responses regarding HBV transmission routes.

This bar chart presents the frequency of selected responses concerning the presumed transmission routes of hepatitis B virus (HBV).
A considerable proportion of participants provided combined or incorrect responses, indicating ambiguity or misconceptions,
whereas only a minority accurately identified exposure to blood or body fluids from infected individuals, with or without sharp

injuries, as the principal route of transmission.
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When asked about protective strategies against HBV,
only 55 participants responded accurately, with no
significant variation between groups (p > 0.05). Although
133 participants (56.6%) correctly emphasized avoiding
sharp object injuries, some held incorrect beliefs.
Specifically, 35 considered avoiding contaminated water
a preventive measure, 11 believed multivitamins were
protective after exposure, 7 pointed to antibiotics, and 17
thought uncooked food posed a risk. Additionally, 68
participants inaccurately identified the fecal—oral route as
a mode of HBV transmission (Table 7).

Given that HBV can be transmitted even in
asymptomatic individuals, participants were asked
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whether patients without known hepatitis B history
should still be treated as potentially infectious. Nearly all
(n = 157; 98.1%) answered this correctly, with no
significant difference across groups (p > 0.05)(Table 7).

In a follow-up question about participants’ HBV
vaccination and serological status, 33 (20.6%) reported
having protective immunity through vaccination,
whereas 65 (40.6%) indicated they had not received the
vaccine. These responses differed significantly based on
professional experience (p = .001), with practicing
dentists more frequently reporting vaccine-induced
immunity compared to students.(Figure 2)

60.0%

B Students (n=125)
B Dentists (n=35)

Figure 2. HBV vaccination and serological immunity status stratified by professional group.

This figure compares the vaccination history and serologically verified immunity between dental students and practicing dentists.
Dentists demonstrated a higher prevalence of documented post-vaccination immunity, whereas students more frequently reported
either lack of vaccination or vaccination without subsequent serological confirmation.

Table 7: Summary of participants’ responses regarding protection from HBV infection and recognition of asymptomatic carriers

Question / Topic Main findings Result
Protective measures against HBV infection Vaccination only 8.0% (n=13)
Vaccination + PPE 5.0% (n=28)
.V?.CC.IIIatIOH + PPE + avoiding sharp 34.0% (n = 55)
injuries

Avoiding sharp injuries only
Using PPE only
Other combined responses

“Asymptomatic HBV carriers can still transmit
infection”

Incorrect

Correct (treat all patients as potentially
infectious)

0.5% (n=1)
1.25% (n=2)
60.25% (n = 81)

98.1% (n = 157)
1.9% (n =3)
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Percentages were calculated over the total sample (N = 160). HBV = Hepatitis B virus; PPE = Personal protective equipment.

Knowledge Level Regarding Medical Waste
Management and Participants’ Information Source
of Clinical Infection Control

In order to determine the waste management
knowledge levels of the participants, the question was
asked whether all waste generated in dental clinics
(packaging waste, masks, gloves, blood and body fluids,
and contaminated objects) is considered medical waste
and is thrown into red bags. n the question assessing
knowledge of medical waste classification, 54
participants (33.8%) selected the correct response, while
106 (66.2%) believed that all waste generated in dental
practice qualifies as medical waste. There was no
statistically significant difference between students and
dentists in this item (p > 0.05).

Participants were also asked whether sharp and
piercing items—such as ampoules, scalpel blades, and
dental syringe needles—should be disposed of in red
bags along with other waste. A total of 120 participants
(75.0%) answered correctly, recognizing that these items
require separate storage. Still, 40 individuals (25%)
incorrectly believed that such waste does not need to be
segregated. No significant difference in responses was
observed based on professional experience (p > 0.05;
Table 8).

When asked about the primary source of their
knowledge regarding infection control and transmission
routes, most participants (n = 132; 82.0%) reported
having learned this information through undergraduate
lectures. An additional 13 participants (8.1%) cited

university seminars and courses. Interestingly, gender
differences were statistically significant (p = .005), with
male participants more likely than females to report
social media and university-based continuing education
as their main sources of information (Table 8).

Evaluation of Total Knowledge Level

Objective test scores were also used to evaluate
knowledge levels across participants. For each correct
answer, 1 point was awarded, and the total possible score
was 18. To investigate whether the average total score
differed by gender, experience, and age, independent
samples t-test and Kruskal-Wallis tests were employed.
"The total knowledge scores obtained by participants
ranged from a minimum of 4 (22.3%) to a maximum of
14 (77.7%) out of 18. The overall mean score was M =
8.39, which corresponds to 46.61% of the total possible
score. These findings reflect a moderate level of
knowledge among participants regarding infection
control and HBV-related practices."No significant
difference in total scores was observed between male (M
= 8.11) and female (M = 8.63) participants (p = 0.075).
A statistically significant difference was found across age
groups (p = 0.038), with the 25-35 age group scoring
significantly higher (M = 9.10) than the 20-25 group (M
= 8.21) (p = 0.032). When comparing professional
experience levels, the mean scores were found to be M =
8.45 for 3rd-year students, M = 8.34 for 4th-year
students, and M = 7.60 for Sth-year students, while
dentists had a significantly higher mean score of M =
9.11 (p <0.05) (Figure 3).

Table8: Summary of participants’ responses regarding medical waste management and source of infection-control knowledge

Question / Topic

Main findings Result

18. “All waste generated in dental clinics should be discarded

in red bags.”

19. “Sharp/piercing waste (ampoules, scalpel tips, dental
syringes) should be discarded in red bags with other waste.”

22. Main source of knowledge on infection control

Correct 66.2% (n=106)

False 33.8% (n=54)

False (correct practice: stored separately) 75.0% (n=120)

Correct 25.0% (n =40)
82.0% (n =132)

8.1% (n = 13)

From lectures

From university courses/seminars

From scientific articles 5.0% (n=28)
From. WHO/professional organization 3.1% (n=5)
websites

From social media 1.9% (n=3)

Percentages were calculated over the total sample (N = 160).
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By experience

3rd yr ath yr Sth yr Dentists

B L= 00

N

Mean knowledge score (0-18)

o

By gender

By age group

20-25

25-35

Figure 3. Mean Knowledge Scores by Experience, Gender, and Age

Bars present the mean total knowledge scores (0—18) across gender, age, and professional experience groups. No significant
difference was detected between male and female participants (p > 0.05), whereas scores differed significantly by age and by

professional experience (p < 0.05).

DISCUSSION

Contrary to the initial hypothesis, the findings
demonstrated  statistically ~ significant  differences
between senior students and practicing dentists in several
infection-control domains, indicating that professional
role and clinical experience level do influence knowledge
and behavioral outcomes

Several studies from Tiirkiye have examined
infection control awareness and HBV -related knowledge
among health-professional trainees. A multicenter study
of healthcare students reported that although vaccination
coverage was relatively high, it remained below national
targets, and gaps persisted in HBV-related knowledge
and preventive behaviors.'® Among dental cohorts,
findings are mixed but broadly consistent with our
results: some studies documented variable vaccination
uptake and knowledge shortfalls in dental students, while
others showed high awareness of specific HBV
transmission routes but still highlighted areas needing
reinforcement (e.g., practical compliance, serology
follow-up).'72° Taken together, these data suggest that
the gaps we observed are not institution-specific and
align with patterns reported in Turkish student
populations.

While participants demonstrated general awareness
of transmission routes, significant gaps persist in key
areas of clinical practice. Our findings align with regional
studies showing moderate knowledge levels (46.61%
mean score), though they reveal concerning deficiencies
in HBV understanding and preventive behaviors.

The observed 80.1% accuracy in identifying
transmission routes compares favorably with studies
from Saudi Arabia (51.6-58.2%), yet the 5% correct
response rate for HBV-specific questions underscores
substantial educational needs. This aligns with Lima-
based research showing dental students' limited
awareness of infection risks.?'?* The disparity between
general IC  knowledge and pathogen-specific

understanding suggests curricular imbalances requiring
attention.

PPE compliance patterns mirrored global trends, with
64.4% reporting consistent use - higher than German
cohorts (17%) but revealing gender disparities
(p<0.001)."3 Females demonstrated better hand hygiene
adherence, while males preferred alcohol-based
sanitizers, particularly among junior students (32.7%,
p=0.003). These findings support the need for gender-
tailored training interventions.?*

Environmental disinfection rates (95%) exceeded
mouth rinse utilization (11%), contrasting with Saudi
(55%) and Romanian studies. This discrepancy between
surface and aerosol precautions highlights potential
complacency regarding airborne risks - a critical concern
in post-pandemic practice.*?

Sharps injury reports (24.2%) fell below most
literature ~ values (31-82%), possibly reflecting
underreporting. The 44.7% correct wound management
rate signals urgent needs for standardized post-exposure
protocols.”>*  Sterilization  knowledge  showed
paradoxical results: while 85.7% distinguished
sterilization from disinfection, only 46.3% identified
proper methods - suggesting theoretical knowledge
outweighs practical application.

Hepatitis B virus (HBV) is the bloodborne pathogen
with the highest transmission risk in dental settings,
making accurate knowledge and preventive behavior
crucial.?®?8 In our study, participants demonstrated lower
knowledge regarding HBV transmission compared to
previous findings.**° A’ common misconception was
that HBV is transmitted primarily through contact,
reported more frequently than in other studies.*

Only 34% of participants identified appropriate
protective strategies, markedly lower than rates in
previous research. For instance, Kamil et al. found that
96.6% of respondents acknowledged the protective role
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of HBV vaccination.?® Similarly, knowledge regarding
sharp injury prevention and PPE use was less satisfactory
than reported elsewhere.>!

Vaccination status and serological awareness were
also suboptimal. While 40% of participants were
unvaccinated, previous studies reported higher coverage:
85.7% in Saudi Arabia and 88.1% in Iran. Only 20.6% of
our participants had protective immunity, though rates
were higher among graduates.’>* This contrasts with
findings from Kenya, where only 12.8% of healthcare
workers were vaccinated, and supports calls for
mandatory HBV vaccination policies in dentistry.>*

Notably, our participants showed more positive
attitudes toward treating patients with suspected hepatitis
compared to earlier reports.’® This is vital, as
asymptomatic carriers may not display early signs,
reinforcing the importance of universal precautions.

Finally, 82% of participants cited undergraduate
education as their main source of infection control
knowledge, highlighting the critical role of dental
curricula. This contrasts with Saveanu et al., who found
lower reliance on formal instruction.*

In the faculty where the present study was conducted,
infection control is taught as a compulsory preclinical
course within a single term and covers core domains such
as transmission routes, hand hygiene, standard
precautions, the use of personal protective equipment,
instrument sterilization, waste management,
environmental control, and post-exposure procedures;
however, the moderate levels of knowledge and attitudes
observed in our sample suggest that the provision of
theoretical content alone does not guarantee its
translation into clinical behavior. The transition from
cognitively acquiring infection-control principles to
consistently integrating them into routine decision-
making appears to require time, reinforcement, and
supervised clinical exposure, which may partly explain
the present findings. This interpretation is further
supported by international studies showing that
incomplete adherence to hand hygiene and PPE protocols
among health-science students is a recurrent finding
across various countries and educational systems, even
where structured training is provided.’®3” Likewise, the
substantial proportion of participants who were either
unvaccinated or unaware of their HBV serostatus aligns
with recent reports indicating gaps in hepatitis B
protection among future healthcare professionals.3®3
Furthermore, several studies have demonstrated that
theoretical instruction alone does not ensure behavioral
adherence in infection control practice without repeated
reinforcement and clinically supervised integration.*

Taken together, these converging lines of evidence
indicate that the current results reflect a systemic
translation gap rather than an institution-specific
educational deficit.

This study has several limitations. First, it was carried
out at a single institution, which may limit the
generalizability of the findings. Second, reliance on a
self-administered questionnaire introduces the potential
for response bias and may not accurately reflect real-
world clinical behavior. Although the total sample
exceeded the a priori calculated size for four-group
comparisons (3rd-, 4th-, S5th-year students and
graduates), the graduate subgroup was relatively smaller.
This imbalance is therefore regarded as an interpretive
rather than a methodological limitation, as it may reduce
the precision of subgroup comparisons. In addition,
detailed background characteristics of dentists (e.g. year
of graduation, specialty status, or alma mater) were not
collected. This was consistent with the initial hypothesis
that infection-control knowledge, attitudes, and practices
would not vary according to experience or academic
background; however, the omission of these variables
precludes more granular stratified analyses within the
dentist subgroup.

Future research should employ multicenter sampling
with more balanced subgroup representation and use
observational or performance-based assessments to
complement self-report data. Longitudinal or
intervention-based designs are also warranted to
determine whether infection-control knowledge and
attitudes can be sustained over time and effectively
translated into consistent clinical practice.

CONCLUSION

Notably, although graduate dentists demonstrated
higher knowledge and compliance in areas such as
vaccination rates and sterilization procedures, students
did not apply their theoretical knowledge at the same
level in clinical practice. This finding supports the
hypothesis that while professional experience enhances
adherence to infection control measures, students often
fail to translate learned theoretical concepts into practice
to the same extent, highlighting a persistent gap between
knowledge acquisition and practical implementation.
The overall mean knowledge score (46.61%) underscores
significant deficiencies in infection control training,
emphasizing the need to strengthen curricular education,
ensure effective translation of theory into practice, and
provide institutional support to safeguard students until
they achieve sufficient practical competency and
vaccination awareness.
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ABSTRACT

INTRODUCTION: The aim of this study was to determine the characteristics of violence experienced by dentists working in different
branches, the frequency of violence, the distribution of the frequency of violence by branches, the aetiological factors and the effect
of violence on dentists' anxiety levels and risk factors.

MATERIAL and METHODS: A questionnaire consisting of 33 questions was applied to dentists working in public and private university
hospitals, state hospitals, health centers and dental offices to evaluate the types of violence, violent groups, gender, the situation of
the dentist during and after the violence and the attitude of the workplace. Anxiety levels were determined with state and trait anxiety
scale forms.

RESULTS: 83.6% of dentists reported having experienced violence. Paediatric dentists were the most exposed to violence with 91.1%,
followed by general dentists with 85.3%. The mean state and trait anxiety scales for dentists were 39.9 and 41.2, respectively. The
highest mean violence scores were found in the 25-34 age group. It was determined that both state and trait anxiety levels increased
as the frequency of experiencing violence increased.

CONCLUSION: Most of the dentists are exposed to violence. Violence increases both state and trait anxiety levels of dentists.
Keywords: Violence, dentist, anxiety levels

0z
GIRIS: Bu galismanin amaci, farkli branglarda ¢alisan dis hekimlerinin kargilastiklari siddetin niteliklerinin belirlenmesi, siddete ugrama

sikliklarini, branglara gére siddet sikliklarinin dagilimini ve etiyolojik faktérlerin tespit edilmesi, siddetin dis hekimlerinin kaygi diizeyine
ve risk faktérlerine etkisinin belirlenebilmesidir.

GEREC ve YONTEM: Kamu ve ézel iiniversite hastaneleri, devlet hastaneleri, agiz ve dis sagligi merkezleri ve muayenehanelerinde
calisan dis hekimlerine siddet tiirleri, siddeti uygulayan gruplar, cinsiyetleri, dis hekiminin siddet esnasinda ve sonrasindaki durumu
ve isyerinin tutumunu degerlendirmeye yénelik 33 sorudan olugan anket uygulandi. Durumluk ve slirekli kaygi 6lgegi formlari ile kaygi
diizeyleri belirlendi.

BULGULAR: Dis hekimlerinin %83,6’si siddet gérdtiklerini belirtti. En fazla siddete maruz kalan dis hekimleri % 91,1 orani ile gocuk
dis hekimleri, ardindan %85, 3 oraniyla dis hekimleri yer aldi. Dis hekimleri igin durumluk ve siirekli kaygi élcedi ortalamalari sirasiyla
39,9, ve 41,2 olarak bulundu. Hem durumluk hem de slirekli kaygi puani ortalamalari en ylksek 25-34 yas araliginda tespit edildi.
Siddet olayi yasanma sikligi arttikga hem durumluk hem de siirekli kaygi diizeyinin arttigi belirlendi.

SONUG: Dis hekimlerinin bliyiik kismi siddete maruz kalmaktadir. Siddet dis hekimlerinin hem durumluk hem de sirekli kaygi
diizeylerini arttirmaktadir.

Anahtar Kelimeler: Siddet, Dis Hekimi, Kaygi Diizeyleri
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INTRODUCTION

Violence is one of the most common causes of death
that can lead to the end of human life.! It is one of the
problems of contemporary society that affects the whole
world and needs to be solved. It is a means of social gain.
Aggressive behaviour is known to play a role in the
development of violence, which is a destructive
behaviour. The World Health Organization defines
violence as "the conscious use of force against
individuals and/or communities that is likely to result in
physical or verbal injury, deprivation, or death."?
Violence can be physical, verbal or passive in nature.
People of all ages can commit violence; however,
adolescents and young adults are more likely to be
violent. It is important to remember that patients with
violent tendencies often have poor coping mechanisms
and suppress their anger due to social norms. When under
pressure, it is more difficult to suppress these impulses.
These patients may commit violence against healthcare
workers due to the stressful structure of the emergency
department or psychiatry unit. The basis of violent
behaviour may be biological factors, pathological
problems, drug use, alcohol, narcotic drugs and
psychiatric disorders.® Biological causes include genetic
disorders, hormonal imbalances, substance abuse and
drug use. Psychological causes include bipolar mood
disorder, schizophrenia, major depression, generalised
anxiety disorder and antisocial personality disorder.
Socioeconomic causes include social, economic and
cultural conditions that can lead to physical violence.!*

Violence can cause physical harm as well as
psychological harm. Several psychological disorders,
including post-traumatic stress disorder, dissociative
identity disorder and borderline personality disorder, are
associated with experiencing or witnessing violence.
Other psychological symptoms such as depression,
anxiety and mood disorders are common in victims of
violence. People who experience or witness violence may
develop a range of problems including anxiety,
depression, insecurity, anger, poor anger management,
poor social skills, pathological lying, manipulative
behaviour, impulsivity and lack of empathy.>®

People may be subjected to violence in the form of
verbal, physical, psychological harassment, threats and
abuse during their duties.” One of the areas where
violence is most prevalent is in health care settings.® It
has been reported that verbal violence is the most
common type of violence in health care settings.’ These
attacks on health workers continue to increase and affect
public health.!® Violence is a major public health problem
in both the workplace and the community, and its
prevalence is increasing. Azoda et al conducted a survey
to investigate violence against dentists and dental
assistants and reported that the most common type of
violence was verbal violence, in 2011.!"" Shouting and
intimidation were found to be the most common types of

violence used by patients.

Although violence is an international problem, it has
become an increasing social problem in our country,
especially in the field of health, which needs to be solved
as soon as possible. There are many studies on violence
against healthcare workers. however, there is no study
that covers dentists working in all branches and that
investigates the aetiological factors of violence and its
effect on anxiety levels. Therefore, this study was
designed to address all aspects of the violence
experienced by dentists in our country and to provide
solutions to this issue.

The aims of this study were to determine the
characteristics of violence experienced by dentists
working in different specialties, to determine the
frequency of violence, the distribution of frequency of
violence by specialty, actiological factors and
consequences of violence, and anxiety levels, to compare
paediatric dentistry with other specialties and dentists,
and to determine the impact of differences on anxiety
levels and risk factors for violence.

MATERIAL AND METHODS

This descriptive and cross-sectional study was
planned to determine the type, source and factors
affecting the violence encountered by dentists in different
branches and to determine the measures to be taken for
prevention.

Place and Time of the Study

The study was conducted between 27.07.2020-
27.11.2020 with dentists in different branches actively
working in Turkey.

The study was conducted with dentists working in
public and private university hospitals, state hospitals
affiliated to the Ministry of Health, oral and dental health
centers, working in their practices, randomly selected
dentists who participated voluntarily in the study.

Population and Sample of the Study

All healthcare professionals constitute the population
of the study. The sample of the study consists of dentists
and dentists in all branches living and working in Turkey.
The research group consisted of dentists who we were
able to contact and who participated in the study.

Characteristics of Participants

Dentists and dental staff from different branches were
included in the study, considering the inclusion and
exclusion criteria.

Inclusion criteria for dentists or collaborating
healthcare personnel
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- Being between the ages of 18-65

- Being actively working

- Specialist dentist and dentist

- Being open to communication

- Volunteering to participate in the research

Exclusion criteria for dentists or allied health
professionals

- Under 18 years of age and over 65 years of age
- Not being actively working

- Not being a specialist dentist and dentist,

Not volunteering to participate in the research.
Data Collection Tools

The following forms were used to collect data in
the study:

- Diagnostic form on the descriptive characteristics of
the specialist dentist and dentist (created jointly by the
researcher and the consultant to collect data in the study).
The study was first applied to 3 lecturers and necessary
corrections were made with the feedback received.

- Form with the characteristics of the event of the
attack

- State and Trait Anxiety Scale Form

-Identification Form for Descriptive Characteristics
of Specialized Dentists and Dentists

This form was created for dentists or health personnel
working with them.

The form for dentists included 7 questions on age,
gender, marital status, education level, institution of
employment, field of specialization, if any, and length of
service in the profession.

Form with the characteristics of the event of the
attack

The second section, which included 33 questions
about information on violence in the workplace,
consisted of multiple-choice questions about the types of
violence, the groups perpetrating the violence and their
gender, the attitude of the dentist or the health personnel
working with him/her during and after the violence, and
the policy of the institution.

Implementation of the Survey

The questions prepared in the study and the
Spielberger State and Trait Anxiety Scale!? were
converted into an online form via Google Forms. Data
were obtained by first obtaining consent from the
participants. The data were collected by the researcher
from dentists working in public and private university
hospitals, state hospitals, oral and dental health centers

and private dental offices. A link was created for the
form. It was sent to the members of the Turkish Dental
Association, the Chambers of Dentists and their members
via e-mail and social media accounts (whatsapp,
facebook and telegram groups) via the internet and the
information was stored in the computer environment.

Ethical Aspects of the Study

Ethics committee permission (Meeting Date:
22/07/2020, Meeting No: 2020/17) was obtained from
Izmir Demokrasi University Non-Interventional Clinical
Research Ethics Committee before the start of the study.
Written informed consent was obtained from the dentists
who volunteered to participate in the study.

Statistical Analysis

PASS 11 (Version 11.0.8) package program was used
for power analysis in sample size calculation. It was
calculated that at least 404 individuals should be included
to estimate the 95% confidence interval for a population
frequency of 0.5 within the limits of £0.05 (0.45-0.55) to
reach the largest sample size, the proportion of exposure
to violence in the target population was accepted as P=0.5
/50%).

SPSS program (SPSS Inc.version18 IBM, Chicago,
IL) was used for statistical analysis of the data obtained
from the study. Descriptive statistics were given as
frequency and percentage. Validity and reliability
analyses of the scale were performed.

Cronbach's Alpha reliability analysis was performed,
and Kolmogorov-Smirnov and Shapiro-Wilk analyses
were used to determine whether the scale was normally
distributed. It was found that it did not show normal
distribution (p<0.05). Mann Whitney U was used for
comparison between two groups and Kruskal Wallis H
was used when there were more than two groups.

Incidents of violence in dentists were statistically
evaluated according to educational level, age, gender,
institution of employment and professional experience.
Chi-square statistics were used for the relationships
between variables.

Limitations of the Study

The study was limited to dentists working in public
and private health institutions including University
Hospital, State Hospital, Oral and Dental Health Center
in Turkey. Therefore, the results of the study represent
only the dentists included in this study.

RESULTS
The results of the research are as follows.

The scores of the participants who did not answer all
the scale questions were excluded from the evaluation
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because they could not be calculated correctly. The
survey data were evaluated with 500 dentists.

Information on Participants' Experiences Related
to Violence

When the experiences of the participants regarding
physical, verbal or psychological violence were analysed,
it was determined that 54.2% (271) were exposed to
violence 1-3 times, 14.4% (72) 4-6 times and 14.8% (74)
7-10 times while performing their duties. The rate of
employees who had never been exposed to violence
during their duties was 16.4% (8).

311 times by patients, 269 times by patients' relatives,
86 times by managers and 49 times by coworkers.

Dentists stated that they were subjected to violence
354 times by men and 247 times by women.

In 329 cases of violence, they reported being
subjected to violence by people aged 26-45, in 187 cases
by people aged 46-60, in 55 cases by people aged 18-25
and in 40 cases by people aged 61 and over.

Dentists responded that 197 of the perpetrators of
violence were of medium, 153 of low and 80 of high
socioeconomic status.

They reported that 145 people who had used violence
against them had a medium level of education, 213 had a
low level of education and 72 had a high level of
education.

Participants identified 253 perpetrators as aggressive,
126 as having psychological problems, 28 as having
anxiety, 8 as alcohol/substance dependent and 6 as
mentally retarded.

Participants reported that 291 people inflicted verbal
violence, 196 people inflicted psychological violence and
24 people inflicted physical violence on them.

The location of the violence was determined as
outpatient clinic in 299 cases, office in 151 cases,
emergency room in 20 cases, and laboratory in 3 cases.

The times of violence were between 08.00-16.00 in
375 cases, between 16.00-24.00 in 96 cases, between
00.00-08.00 in 39 cases, and during weekend shifts in 26
cases.

Dentists thought that the most common reason for
violence was that patients felt neglected due to the
psychology of the disease (238), followed by lack of
communication/misunderstanding ~ (213),  patients'
dissatisfaction with treatment (170), delayed treatment
due to excessive workload (116), alcohol/substance
abuse/personality  disorder (68) and inadequate
environmental conditions (46).

Dentists reported that they did not react the most
(216), responded (153), reported to security (117),
reported to hospital management (61), and at least used

white code (35).

It was reported that 75.8% of cases of violence were
not reported.

When the physicians who reported that they did not
file a report after the cases of violence were asked about
the reasons, they stated that they did not file a report
because they thought that nothing would change and that
it was unnecessary (299), that it became routine and they
got used to it (67) and that they were afraid of the
negative consequences (33).

84.1% of participants reported that they had not
received any training on what to do in the event of
violence.

After the incident of violence, 44.4% of the
employees stated that they did not need help, 43.5%
stated that they did not receive help/support and 12.2%
stated that they received help/support.

The people who received support from the employees
who participated in the study were 38.7% coworkers,
25.8% professionals, 21% managers of the organization,
11.3% family, 3.2% friends.

The rate of employees who considered quitting their
job after the violent incident was 16.4%.

After the incident of violence, 84.4% of the
employees continued to work without ever leaving their
jobs. The rate of those who left their jobs for a few hours
was 11%, 1.4% for 1 day, 1.6% for 1 week, and 1.6% for
1 month or more.

The employees who participated in the study stated
that the reason for continuing to work without leaving
their job after the violence was not deemed necessary by
78.6%, not being allowed to do so by the workplace by
9.7%, fear of losing their job by 7.6% and fear of being
reacted by 4.1%.

In response to the question "How did the violent
incident affect your relationship with patients afterwards
(if the aggressor was a patient/patient relative)?", 44.6%
responded "it did not affect”, 20.3% responded "my
attitude towards patients has changed", 19.9% responded
"I am very careful and protect myself", 11.7% responded
"I do not like my job as much as I used to", and 3.5%
responded "I feel scared".

The responses of the employees about taking
official/legal action regarding the incident of violence are
as follows.

Yes, I experienced violence once and legal action was
taken. 8.3

Yes, I have experienced many incidents of violence
and legal action has been taken in all cases. 1.5

Yes, I have experienced many incidents of violence
and some of them have resulted in legal action 5.8%.
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No, I experienced | incident of violence, and no legal
action was taken. 49.1%

No, I have experienced violence many times and no
legal action has been taken. 35.3

The rate of those who continued to provide health
care services to the perpetrator of violence was 34.1%.
The participants who continued to provide health care
services stated that 37.2% of them wanted to do so,
21.9% stated that they were forced to do so, 22.6% stated
that they had to do so because there were no other
physicians to provide services, and 18.9% stated that
health care services were provided by another colleague
they worked with in the same clinic.

In response to the question 'What factor(s) do you
think causes violence? (You can choose more than one
option)', the most common answer was patients' attitudes
(311). This was followed by the health care system (218),
all options (159) and the attitudes of service providers
(49).

The rate of the dentists who felt safe while providing
healthcare services was 29.9%.

In response to the question 'How would you describe
the emotions you felt after being subjected to violence?
(You can choose more than one option)', the participants
responded anger (338), followed by rage (275), loss of
trust (209), burnout (194), helplessness (141), fear of the
patient (70), all (45), and self-blame (41).

The dentists thought that the most important reason
for violence in health was lack of education (325). The
following reasons were identified as sociocultural
problems (301), all other options (265), health policies
(233), economic problems (206) and media (166),
respectively.

When the rate of experiencing violence during their
professional life is evaluated, the youngest age group
(89.8%) was the 25-34 age group (89.8%). After that, the
age group reporting the highest rate of violence was the
oldest group, aged 65 and over (79.2%). According to
age groups, dentists who reported experiencing the least
violence were in the 55-64 age group (72.7%).

A statistically significant difference was found
between the groups, in the evaluation of the rates of
exposure to violence according to gender (p<0.05). It
was found that female dentists were exposed to violence
1-3 times (56.1%), 4 or more times (31.3%) and overall
(87.4%) more than their male colleagues.

A statistically significant difference was found
between the groups, in the evaluation of the rates of
exposure to violence according to the marital status of the
dentists (p<0.05). Single dentists (91.6%) reported that
they were exposed to violence more than married dentists
(79.5%).

A statistically significant difference was found
between the groups in the evaluation of the rates of

exposure to violence according to the type of institution
in which the dentists worked (p<0.05). The dentists
working in public institutions were found to be the most
exposed to violence (94.4%), in the study.

A statistically significant difference was found
between the groups in the evaluation of the rates of
exposure to violence according to the branches of dentists
(p<0.05). Among the dentists who participated in the
study, 83.6% stated that they had experienced violence.
Paediatric dentists were found to be the most exposed to
violence with a rate of 91.1%. Dentists ranked second
with a rate of 85.3%. This was followed by orthodontists
(83.3%), (Table 1).

55.6% of paediatric dentists reported having been
exposed to violence 1-3 times and 35.6% 4 or more times
during their professional life. Paediatric dentists reported
being most exposed to verbal violence (52.17%). This
was followed by psychological violence (47.82%) and
physical violence (4.34%). A statistically significant
difference was found between the groups in the
evaluation of the rates of exposure to violence according
to the professional experience of the dentists (p<0.05).
Dentists with 6-10 years of professional experience
(93.5%) were the most exposed to violence. The
following percentages were found to be 0-5 years
(90.4%), 16-20 years (87.2%) and 21 years or more
(72.7%).

Total score reliability, another type of item reliability
or scale internal consistency correlations were found. It
was calculated between 0.34 and 0.72 on the trait anxiety
scale and between 0.42 and 0.85 on the state anxiety
scale.

The mean state and trait anxiety scale was
39.90+12.34 for questions 1 to 20 and 41.23+£8.73 for
questions 21 to 40.

The highest mean trait anxiety score was found in the
25-34 age range (42.82+8.79) and the lowest in dentists
aged 65 and over (35.00+5.62).

The mean state anxiety scores were 42.16+£12.30 and
36.70+£11.70 in female and male dentists, respectively.
The mean state anxiety scores were higher in female
dentists and the difference between them, and males was
statistically significant (P<0.05).

The mean trait anxiety scores were 43.19 = 8.73 and
38.37 = 7.93 in female and male dentists, respectively.
The mean trait anxiety scores were higher in female
dentists and the difference between them, and males was
statistically significant (P<0.05).

The mean state anxiety scores were 42.58+11.70 and
38.57+12.38 in single and married dentists, respectively.
The mean state anxiety scores were higher in single
dentists and the difference between them, and married
dentists was statistically significant (P<0.05).
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Table 1. Evaluation of the Rates of Exposure to Violence among Dentists According to Branches (n,%)

Violence
Branch P
None 1-3 times 4 and over
Dentist (n=258) 38 (%14,7) 152 (%58.9) 68 (%26,4)
Oral and Maxillofacial o o o
Surgeon (n=34) 10 (%29.4) 8 (%23.5) 16 (%47,1)
Oral and Maxillofacial o o o
Radiologist (n-12) 0(0,0%) 6(50,0%) 6(50,0%)
Paediatric Dentists (n=45) 4(8,9%) 25(55,6%) 16(35.,6%) 0,004
Endodontist (n=28) 5(17,9%) 19(67,9%) 4(14,3%)
Orthodontist (n=30) 5(16,7%) 14(46,7%) 11(36,7%)
Periodontist (n=39) 7(17,9%) 26(66,7%) 6(15,4%)
Prosthodontist (n=34) 9(26,5%) 14(41,2%) 11(32,4%)
Restorative Dentist(n=19) 4(21,1%) 7(36,8%) 8(42,1%)
Total (n=499) 82 271 146
16,4% 54,3% 29,3%

The mean trait anxiety scores were 42.79+ 8.56 and oral and maxillofacial surgeons (39.96+10.86),
40.39+ 8.71 in single and married dentists, respectively.  periodontologists (37.74+13.08), endodontists
The mean trait anxiety scores were higher in single (36.76+13.10) and the dentists with the lowest mean
dentists and the difference between them, and married score were conservative treatment  specialists

dentists was statistically significant (P<0.05).

When scores on the state and trait anxiety scales were
evaluated according to the institution of employment, the
following results were obtained.

It was determined that the difference between the
mean state anxiety scores was statistically significant
(P<0.05). The highest mean state anxiety scores were
found in dentists working in public hospitals
(43.72+13.24) and the lowest in dentists working in
private hospitals (38.00+13.20) or private practices
(38.22+11.98). When the mean trait anxiety scores were
evaluated according to the institution of employment, the
difference between the institutions was not statistically
significant (P>0.05).

When the state and trait anxiety scale scores were
evaluated according to the branches of dentists, the
difference between the averages in the comparison of
both state and trait anxiety scores was not statistically
significant (P>0.05). The dentists with the highest mean
state anxiety scores were oral and maxillofacial
radiologists (41.75+9.04), followed by paediatric dentists
(41.65+11.34), prosthodontists (41.40+12.24),
orthodontists (41.28+15.75), dentists (40, 03+12.29),

(35.85+11.73) (Table 2).

The dentists with the highest mean trait anxiety scores
were oral and maxillofacial radiologists (47.00+8.06),
followed by endodontists (43.14+11.07), paediatric
dentists (43.004+9.21), dentists (41.114£8.35),
orthodontists (41, 10£7.52), oral and maxillofacial
surgeons (40.44+7.53), periodontologists (40.38+10.01),
prosthodontists (39.12+£9.05) and the dentists with the
lowest mean score were conservative treatment
specialists (39.05+8.66).

When state and trait anxiety scale scores were
evaluated based on work experience, the difference
between the mean state anxiety scores was statistically
significant (P<0.05). The dentists with the highest mean
state anxiety score were the group with 11-15 years of
experience (42.25+11.13), while the group with the
lowest mean state anxiety score was the group with 21
years or more of professional experience (37.09+£11.29).

The group with the highest mean trait anxiety score
was the group with 0-5 years of experience (44,64 8,74),
and the group with the lowest mean state anxiety score
was the group with 21 years or more of professional
experience (38,66t 7,79).
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Table 2. State and Trait Anxiety Scale Scores by Branches

Branches State Anxiety Scale Scores  Trait Anxiety Scale Scores
n 230 226
Median 38,0000 41,0000
Dentist Minimum 20,00 23,00
Maximum 75,00 66,00
Q1 25 31,0000 35,0000
Q3 75 49,0000 47,0000
n 33 29
Median 40,0000 40,0000
Oral and Maxillofacial Minimum 22,00 27,00
Surgeon Maximum 67,00 54,00
Q1 25 32,0000 36,0000
Q3 75 44,5000 46,0000
n 12 10
Median 44,5000 46,0000
Oral and Maxillofacial Minimum 26,00 31,00
Radiologist Maximum 56,00 58,00
Q1 25 32,7500 43,2500
Q3 75 46,0000 54,2500
n 43 42
Median 42,0000 43,0000
. . Minimum 20,00 28,00
Paediatric Dentists Maximum 74,00 64.00
Q1 25 33,0000 35,0000
Q3 75 48,0000 49,0000
n 26 27
Median 33,0000 43,0000
. Minimum 20,00 22,00
Endodontist Maximum 63,00 67,00
Q1 25 28,0000 36,0000
Q3 75 46,0000 49,0000
n 28 28
Median 41,5000 40,5000
Orthodontist Minimum 20,00 28,00
r Maximum 76,00 54,00
Q1 25 28,0000 36,7500
Q3 75 51,0000 46,7500
n 35 31
Median 37,0000 38,0000
Periodontist Minimum 20,00 28,00
todontt Maximum 73,00 71,00
Q1 25 26,0000 33,0000
Q3 75 43,0000 45,0000
n 30 31
Median 41,0000 39,0000
. Minimum 20,00 27,00
Prosthodontist Maximum 69,00 64,00
Q1 25 31,7500 34,0000
Q3 75 51,0000 42,0000
n 14 19
Median 34,5000 39,0000
. . Minimum 20,00 27,00
Restorative Dentist Maximum 59,00 61.00
Ql 25 26,0000 31,0000
Q3 75 44,2500 44,0000
p 0,467 0,103

*Kruskal-Wallis Test p<0,05
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When state and trait anxiety scale scores were
assessed based on exposure to violence, the difference
between the mean state anxiety scores was statistically
significant (P<0.05). The state anxiety scale score was
34.83+ 9.97 in dentists who were not exposed to
violence, 38.98+ 11.88 in dentists who were exposed to

violence 1-3 times during their professional life, 44.04+
13.88 in dentists who were exposed to violence 4-6 times
during their professional life, and 44.45+ 12.12 in
dentists who were exposed to violence 7-10 times. (Table
3)

Table 3a. State and Trait Anxiety Scale Scores According to Frequency of Exposure to Violence

Violence State Anxiety Scale Scores Trait Anxiety Scale Scores
n 72 73
Median 33,5000 39,0000
Minimum 20,00 22,00
none
Maximum 63,00 67,00
Ql 25 27,0000 33,0000
Q3 75 41,0000 43,0000
n 244 243
Median 37,5000 40,0000
Minimum 20,00 23,00
1-3 times
Maximum 76,00 66,00
Q1 25 30,0000 34,0000
Q3 75 46,0000 46,0000
n 135 127
Median 45,0000 43,0000
Minimum 20,00 27,00
4 and over
Maximum 75,00 71,00
Ql 25 33,0000 38,0000
Q3 75 53,0000 49,0000
p <0,001* <0,001*

*Kruskal-Wallis Test p<0,05

The trait anxiety scale score was 39.12+ 9.00 in
dentists who were not exposed to violence, 40.67+ 8.78
in dentists who were exposed to violence 1-3 times
during their professional life, 43.49+ 8.05 in dentists who
were exposed to violence 4-6 times during their
professional life. (Table 3)

Table 3b. Pairwise comparison results Dunn (Bonferroni
corrected) Test

State Anxiety | Trait Anxiety
Scale Scores Scale Scores
No x 1-3 times 0,033 0,549
No x 4 and over <0,001 0,001
1-3 times x 4 and over <0,001 0,003

DISCUSSION

This study was carried out to determine the
characteristics of violence faced by dentists working in

different branches, to determine the frequency of
violence, the distribution of violence frequency
according to branches, etiological factors and post-
violence effects and anxiety levels, and to determine the
effect of differences on anxiety levels and violence risk
factors by comparing different branches of dentistry.
Since there is no other study that investigates the risk
factors of violence, etiologic factors and their effects on
anxiety level according to the branches of dentists, the
results of the study can be used in the research on
violence against health professionals in general.

Camci et al. reported that the group of healthcare
workers with the highest rate of exposure to violence was
nurses.® On the other hand, Ayranc et al. reported that
general practitioners were the most likely to be exposed
to violence, followed by nurses.!® That female healthcare
workers were exposed to violence more than male
healthcare workers (36.81%) was reported in this study.
When Polat et al. compared the type of violence with
gender, they reported that women were more exposed to
verbal violence, while men were exposed to verbal and
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physical violence.'* Erkol et al. reported that male health
workers were more likely to be subjected to violence,'®
in contrast to Ayranci et al.,'> who reported that the
victims of violence were mostly female health workers.
Jakson and Ashley reported that women are more likely
to be exposed to verbal violence and men are more likely
to be exposed to physical violence.'” Egici and Oztiirk
reported that 55% of healthcare workers exposed to
violence were female healthcare workers.!® Canbaz et al.
also reported that female healthcare workers were
exposed to violence more than male healthcare
workers.! Isikli and Arslan reported that men were
exposed to violence at a higher rate in their study.?
When the rates of exposure to violence according to
gender were evaluated, female dentists were found to
have been subjected to violence 1-3 times (56.1%), 4 or
more times (31.3%) and the total amount of violence
(87.4%) more than their male colleague, in this study.
Dentists stated that they were subjected to violence 354
times by men and 247 times by women.

Polat and Cirak reported that the average age of
physicians who were subjected to violence was 41.6
years.'* Egici and Oztiirk reported in their study that
approximately 83% of healthcare workers exposed to
violence were younger than forty years of age. '8 Isikli and
Arslan found an average age of 37.5 years.?’ Jakson and
Ashley reported that healthcare workers aged 55 years
and older were less likely to be subjected to physical
violence.!” When the rate of experiencing violence
throughout their professional lives was evaluated, the age
group that reported experiencing violence the most was
the youngest age group (89.8%) between the ages of 25-
34, in this study. Then, the age group that reported
experiencing violence the most was the oldest age group,
65 years and over (79.2%). According to age groups,
dentists in the 55-64 age group reported experiencing the
least violence (72.7%). Dentists reported being subjected
to violence by people aged 26-45 in 329 cases, 46-60 in
187 cases, 18-25 in 55 cases and 61 and over in 40 cases.

A statistically significant difference was found
between the groups in the evaluation of the rates of
exposure to violence according to the branches of
dentists. Among the dentists who participated in the
study, 83.6% stated that they had been subjected to
violence. Paediatric dentists were found to be the most
exposed to violence with a rate of 91.1%, in this study.
Dentists ranked second with 15.7%. This was followed
by  orthodontists  (83.3%), endodontists and
periodontologists (82.1%).

Paediatric dentists reported being most exposed to
verbal violence (52.17%), followed by psychological
violence (47.82%) and, to a lesser extent, physical
violence (4.34%). 55.6% of paediatric dentists reported
having been exposed to violence 1-3 times and 35.6%
reported having been exposed to violence 4 or more times
during their professional life.

Can and Beydag reported that the incidence of
violence was higher in health workers with less than five
years of professional experience.”?! When the rates of
exposure to violence were evaluated according to the
professional experience of the dentists, it was found that
the dentists most exposed to violence were those with 6-
10 years of professional experience (93.5%), in this
study. This was followed by 0-5 years (90.4%), 16-20
years (87.2%) and 21 years or more (72.7%),
respectively.

The dentists stated that the most important cause of
violence was lack of education, followed by sociocultural
problems, health policies, economic problems and media,
in this study. Dentists stated that violence was
perpetrated 354 times by men and 247 times by women.

Only 44.6% of the dentists were not affected by the
violence in their relations with patients, 20.3% changed
their attitudes, 11.7% did not like their work as much as
before, and 3.5% were afraid while doing their work.
70.1% of dentists reported that they did not feel safe
while providing healthcare services.

Regarding taking official/legal action regarding the
incident of violence, it was determined that 49.1% of
dentists who experienced violence once and 35.3% of
those who experienced violence many times did not take
legal action. Fernandes et al. stated that 67% of the
physicians working in Canada who were exposed to
violence took legal action.?? It is observed that physicians
have different attitudes towards reporting the violence
they experience depending on the differences in health
policies on a country basis.®

It can be observed that physicians do not report the
violence they experience to the official authorities and
remain indecisive about taking legal action due to
country policies and the thought that no results will be
obtained.® 34.1% of the dentists stated that they
continued to provide health services to the patient who
perpetrated violence. Among the participants who
continued to provide health care services, 37.2% stated
that they wanted to do so, 21.9% stated that they were
forced to do so, 22.6% stated that they had to do so
because there were no other physicians to provide
services, and 18.9% stated that health care services were
provided by another colleague they worked with in the
same clinic.

It has been reported in some studies that state and trait
anxiety scores increase in healthcare workers with
increasing age, but the difference between them is not
significant.”> When state and trait anxiety scale scores
were evaluated according to age, it was determined that
the difference between the averages was statistically
significant in the comparison of both state and trait
anxiety scores, in this study. The highest mean state and
trait anxiety scores were found in dentists aged 25-34
years and the lowest in dentists aged 65 and over. The
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highest mean trait anxiety score was found in dentists
aged 25-34 years (42.8) and the lowest in dentists aged
65 and over (35.0).

Table 4. State and Trait Anxiety Scale Scores by Professional
Experience

How many years have you
been actively practising
your profession?

State Anxiety Trait Anxiety
Scale Scores Scale Scores

n 104 99
Median 42,5000 45,0000
Minimum 20,00 23,00
0-5 years .
Maximum 74,00 66,00
Q1 25 33,2500 39,0000
Q3 75 51,0000 50,0000
n 89 83
Median 39,0000 40,0000
6-10 Minimum 20,00 22,00
years Maximum 76,00 64,00
Q1 25 30,0000 35,0000
Q3 75 49,5000 46,0000
n 60 58
Median 41,5000 41,5000
11-15 Minimum 22,00 28,00
years Maximum 70,00 63,00
Ql 25 33,5000 37,7500
Q3 75 49,5000 46,2500
n 42 41
Median 37,0000 41,0000
16-20 Minimum 20,00 24,00
years Maximum 73,00 71,00
Q1 25 29,7500 33,0000
Q3 75 48,2500 48,0000
n 154 160
Median 34,5000 38,0000
21 years Minimum 20,00 23,00
and over Maximum 75,00 59,00
Q1 25 29,0000 33,0000
Q3 75 46,0000 43,0000
p 0,006* <0,001*

*Kruskal-Wallis Test p<0,05

It has been reported that male healthcare workers
have lower scores than female healthcare workers, in
evaluating the mean trait anxiety scores of healthcare
workers by gender.?*? Although the mean state and trait
anxiety scores were not statistically significant, they were
found to be higher in female health care workers than in
male health care workers.?? In another study, it was
reported that there was no difference in anxiety levels
according to gender .2° When state and trait anxiety scale
scores were evaluated according to gender for dentists,
both state and trait anxiety scores were higher in female

dentists and the difference between them and men was
statistically significant, in this study. The mean state
anxiety scores were 42.1 and 36.7 in female and male
dentists, respectively. The mean trait anxiety scores were
43.1 and 38.3 in female and male dentists, respectively.

As there is no other study that measures state and trait
anxiety by dental specialty, it cannot be compared and
discussed with this study. When the state and trait anxiety
scale scores were evaluated according to the branches of
dentists, the dentists with the highest mean state anxiety
scores were oral and maxillofacial radiologists (41.7) and
pediatric dentists (41.6), in the present study.

The dentists with the highest mean trait anxiety score
were oral and maxillofacial radiologists (47.0), followed
by endodontists (43.1), paediatric dentists (43.0), dentists
(41.1) and orthodontists (41.1), oral and maxillofacial
surgeons (40.4), periodontist (40.3), prosthodontists
(39.1) and the dentists with the lowest mean score were
restorative dentist (39.0).

It was reported in a study that increasing the duration
of professional experience did not change the state
anxiety score in health care workers working in health
centers, however, the level of trait anxiety was
significantly higher in health care workers working more
than ten years.? In another study, it was stated that the
level of trait anxiety was found to be significantly higher
in healthcare professionals who worked for more than
five years than those who worked for less time.?* When
state and trait anxiety scale scores were evaluated
according to professional experience, the difference
between the mean state anxiety scores was statistically
significant, in this study. The dentists with the highest
mean state anxiety score were in the group with 11-15
years of experience (42.2), and the dentists with the
highest mean trait anxiety score were in the group with
0-5 years of experience (44.6). Both state (37.0) and trait
(38.6) anxiety scores of dentists with 21 years or more of
professional experience were lower than other age
groups. In a study conducted by Canbaz et al.'® When the
state and trait anxiety scale scores were evaluated
according to the exposure to violence in this study, it was
observed that the difference between the mean state
anxiety scores was statistically significant, and both state
and trait anxiety levels increased as the frequency of
violence increased.

CONCLUSION

Dentists were found to be exposed to both verbal and
physical violence. Female dentists and young dentists
were most exposed to violence. Both state and trait
anxiety were found to be higher in female dentists.
Although the rates of exposure to violence varied, high
rates were found in all branches. Both state and trait
anxiety were found to increase with the frequency of
exposure to violence. Most dentists do not report the
violence to the official authorities and continue to
provide health services to the violent patient.
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ABSTRACT

Rapidly developing computer-aided design/computer-aided manufacturing (CAD-CAM) technology has brought diversity to prosthetic
restorations by expanding existing material options to include material types such as hybrid ceramics. Hybrid ceramics are a
combination of resin composites and porcelain. This dual-phase structure combines the positive properties of ceramics and
composites. It offers advanced features such as easy workability, superior edge compatibility and fracture resistance, as well as
sufficient flexibility and resistance to chewing forces. However, it causes less wear on the opposing tooth than ceramic restorations.
The lower hardness allows these blocks to be milled much faster. If any crack occurs, the crack is stopped before it progresses too
far with the polymer in its structure. Since their elasticity modules are close to the teeth, they have indications in minimally invasive
restorations. It can be processed better than ceramic, thus providing better results in areas where restorations are thinner. It does not
require baking after milling. New generation hybrid blocks remain up to date, and studies are being carried out to increase clinical and
laboratory success and indication areas. This review has been prepared to present the general characteristics of hybrid ceramics.

Keywords: Hybrid ceramics, CAD/CAM, resin matrix ceramic

oz

Hizla gelisen bilgisayar destekli tasarim/bilgisayar destekli tiretim (CAD-CAM) teknolojisi hibrit seramikler gibi malzeme tiirlerini de
icermek lizere var olan materyal segeneklerini genigleterek protetik restorasyonlara cesitlilik kazandirmigtir. Hibrit seramikler rezin
kompozitlerin ve porselenlerin birlegimidir. Bu ¢ift fazli yapi seramik ve kompozitlerin olumlu 6zelliklerini birlestirmektedir. Kolay
islenebilirlik, tstiin kenar uyumu ve kirilma direnci gibi gelismis 6zelliklerin yani sira yeterli esneklik ve g¢igneme kuvvetlerine karsi
dayaniklilik sunmaktadir. Bununla birlikte, seramik restorasyonlara gére karsit diste daha az asinma yapar. Sertliginin az olmasi bu
bloklarin ¢ok daha hizli frezelenmesini sadlar. Herhangi bir gatlak olusmasi halinde yapisinda bulunan polimer ile c¢atlak fazla
ilerlemeden durdurulur. Elastisite modiilleri dige yakin oldugu igin, minimal invaziv restorasyonlarda endikasyonlari bulunmaktadir.
Seramige gbre daha iyi islenebilir béylece restorasyonlarin inceldigi bélgelerde daha iyi sonuglar verir. Frezeleme sonrasi firinlama
islemi gerektirmez. Yeni nesil hibrit bloklar gtincelligini korumakta, klinik ve laboratuvar basarilarinin ve endikasyon alanlarinin
arttirlmasi konusunda ¢alismalar yapilmaktadir. Bu derleme hibrit seramiklerin genel 6zelliklerini sunmak amaciyla hazirlanmisgtir.

Anahtar Kelimeler: Hibrit seramikler, CAD/CAM, rezin matriks seramik
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INTRODUCTION

Fixed prostheses are types of prostheses used to
replace missing teeth and provide an aesthetic smile.
Porcelain is a frequently preferred material for these
prostheses. Porcelain is preferred because it provides the
closest appearance to natural teeth in terms of aesthetics,
is not affected by tooth color, and is compatible with the
tissue. Due to its physical properties, porcelain can be
used directly or with metal support. Fixed prostheses
have different types, including implant-supported
prostheses and bridge prostheses. In implant-supported
prostheses, titanium implants are placed in the jawbone,
and porcelain teeth are placed on them. In bridge
prostheses, the missing tooth is replaced using prosthetic
teeth supported by adjacent teeth, utilizing either
porcelain or metal-supported porcelain. Fixed prostheses

Table 1. Components and Functions of Dental Ceramics >

provide a practical and aesthetically pleasing solution by
replacing missing tissue. Dentists design and implement
appropriate fixed prostheses based on the needs of their
patients. Patients can attain a beautiful and natural smile
in this method.'?

Dental prostheses, which are used to replace missing
or damaged tooth structures, are made from dental
ceramics. For almost 150 years, dental ceramics have
been utilized in dentistry. Dental ceramics are made
using a methodical and intricate technique. Raw minerals
and metal oxides are combined to create a unique mixture
in the first stage. This mixture is then formed and molded.
Subsequently, it is fired at high temperatures to form
ceramic. At this stage, additional processes may be
applied to impart the desired aesthetic properties and
durability to the ceramic.>*?

,6

Component Name

Function

Feldspar e The component that solidifies and fuses the ceramic
constituents into a solid mass ensures the formation of
the main structure of the ceramic.

Silica (Quartz) o [t strengthens the fired porcelain restoration.

e [t provides a framework for the ceramic components,
contributing to the stability of the mass during the firing
process.

Kaolin (AI2 O3 2 SiO2 2H2 O)

e [t functions as a binder.

o It enhances the moldability of porcelain before firing
and provides opacity to the finished porcelain product.

Glass modifiers

(Eg: K, Na, Ca oxides or basic oxides)

e They disrupt the integrity of the silica network, act as
fluxes, and lower the melting point of the glass.

Colour Pigments or Frits
(Eg: MgO, TiO2 Fe/Ni oxide, Cu oxide ve Co oxide)

e To create suitable color shades for the restoration.

Zr oxide, Ce oxide, Sn oxides or Uranyum oxide

e To create suitable opacity for the restoration.

In dentistry, porcelain is a frequently used material
either alone or with metal support due to its aesthetic and
biocompatible properties, as well as its physical
characteristics.'

Full ceramic restorations do not have a metal
substructure. Compared to metal-ceramic restorations,
they exhibit better light transmission and yield superior

results in aesthetic regions.!

Full ceramic systems can be classified in various
ways based on their manufacturing technique, light
transmittance, and the material used in the substructure.
Classification systems should be designed to allow for
the easy incorporation of newly developed materials.!
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The Current Classification of Full Ceramic Restoration Systems.’

Dental Ceramics and Ceramic-Like Materials.

Glass Matrix Ceramics ¢ Feldspathic

o Synthetic (Leucite Based, Lithium Disilicate and Derivatives, Fluorapatite Based)
o Glass infiltration (Alumina, Alumina and Magnesium, Alumina and Zirconia)

e Alumina
e Stabilised zirconia

Polycrystalline Ceramics

e Alumina reinforced with zirconia
e Zirconia reinforced with alumina

Resin Matrix Ceramics e Resin nanoceramic

e Resin matrix infiltrated zirconia silica ceramic
e Resin matrix infiltrated glass ceramic (hybrid ceramics)®°

In 2013, the American Dental Association defined
ceramics as "pressed, fired, polished, or etched materials
that predominantly contain an inorganic structure, such
as porcelain, glass, ceramic, and/or glass-ceramic.”
These newly developed materials have been classified as
ceramic-like materials due to their inorganic content
exceeding 50% by weight and the presence of a small
amount of organic phase.®

The term "hybrid" originates from the Latin word
*Hybrida*, meaning "mixed" or "crossbred." It defines a
new type that emerges from the combination of two
different materials. In this regard, modern dental hybrid
ceramic materials introduced for use today are classified
within the group of resin matrix ceramics.$

1. Resin Matrix Ceramics

These materials, in which ceramic and composite are
combined under high temperature and high pressure to
form a new microstructure, achieve strong mechanical
properties and low shrinkage. As a result, the amount and
size of defects in the microstructure are reduced,
preventing crack formation.!'®!!

Resin matrix ceramics have an elastic modulus
similar to dentin.'>!* They can be easily milled and
adapted intraorally, and they can be polished.!® Since
they are used with CAD/CAM systems, they also
incorporate the advantages of this system.'* These
materials can be used as an alternative to ceramics
containing a high glass filler in terms of mechanical
performance. "

The development of new polymerization techniques,
such as high temperature (HT) or the combination of high
temperature and high pressure (HT-HP), has facilitated
the advancement of new microstructures produced with
CAD/CAM systems. Pressure has been applied to these
new resin materials to enhance infiltration and reduce
polymerization shrinkage, as they cannot be infiltrated
solely through capillary action. With high infiltration
pressure, improved mechanical properties, reduced
shrinkage, and decreased internal stresses have been

achieved. The HT/HP (high temperature/high pressure)
technique reduces the number and size of defects in the
composite microstructure and enables the formation of
highly dense HT/HP polymerized composites. Nguyen
and colleagues emphasized that high mechanical
properties in composite blocks can be obtained by
applying HT/HP polymerization to the resin-infiltrated
glass-ceramic network, highlighting their suitability for
CAD/CAM applications. '¢

In 1980, the concept of an interpenetrating
microstructure was introduced for the first time, leading
to the development of the InCeram system (Vita
Zahnfabrik), in which a porous ceramic network
(alumina, zirconia, spinel) is infiltrated with low-
viscosity glass. The first-generation material that
combined the properties of newly developed ceramics
and composites was a polymerized resin composite based
on a resin composite filled with 85% zirconia and silica
particles (2100 3M, ESPE, St. Paul, Minn, USA)
(Paradigm MZ100 3M, ESPE). Later, Lava Ultimate (3M
ESPE) was developed, primarily consisting of 80% resin
nanoceramic, based on the structure of Filtek Supreme
Ultra (3M ESPE). Other similar resin matrix materials
include Cerasmart (GC, Tokyo, Japan), which contains
71% filler, Shofu Block (Shofu Block HC, Shofu, Kyoto,
Japan), and Ambarino High-Class (Ceramed, Marburg,
Germany), both containing 60% inorganic filler. In
recent years, the polymer-infiltrated ceramic-network
(PICN) material Vita Enamic (Vita Zahnfabrik, Bad
Siackingen, Germany) has been introduced. In this
material, ceramic particles are partially sintered before
being infiltrated with low-viscosity polymer. Unlike
resin composites, PICN consists of two bonded network
structures, one polymer and one ceramic.

The advantages of resin matrix ceramics are similar
to those of resin composites. Some of their key
advantages include requiring less preparation, causing
less wear on the opposing tooth, being easily repairable
with similar resin composites, and having chemical
compatibility with adhesive resin cements. These newly
developed materials are more resistant to marginal edge
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chipping and cracking during milling compared to
ceramics, are less brittle, and have lower porosity. Unlike
ceramics, these materials do not require heat treatment
after shaping, allowing for faster restoration fabrication.
Their high fracture toughness, minimal enamel wear, and
rapid production process are among their significant
advantages. This new generation of polymer-containing
ceramics exhibits higher flexural strength due to their
elastic modulus being close to dentin, while
demonstrating lower fracture resistance.'

Albero et al. determined that resin matrix or resin
nanoceramics have flexural strength, elastic modulus,
and lower hardness values closer to dental tissue
compared to ceramics and that they could be a potential
alternative as a restorative material.'®

Chavali et al., in their study on a resin nanoceramic
and polymer-infiltrated ceramic materials, determined
that both materials exhibit high machinability and
demonstrate less chipping and fracture compared to
lithium disilicate and zirconia-containing materials.
Shetty et al. reported that resin matrix ceramics could be
used as an alternative to glass ceramics in prosthetic
dentistry, particularly in areas with reduced masticatory
forces. !

Resin matrix ceramics are divided into three

subgroups based on their inorganic fillers.!3
1. Resin nanoceramic

2. Interpenetrated zirconia-silica ceramic within the
resin matrix.

3. Interpenetrated glass-ceramic within the resin
matrix.

1.1. Resin nanoceramic

The first block in this group is Lava Ultimate (3M
ESPE, Minnesota, United States). Lava Ultimate consists
of nano-ceramic (80%) particles embedded in a highly
polymerized organic resin matrix (20%). The inorganic
nano-ceramic component comprises silica nano-particles
(200 nm in size) and zirconia nano-particles (4-11 nm in
size). This inorganic structure is surrounded by a resin
matrix containing bisphenol-A glycidyl methacrylate
(Bis-GMA), urethane dimethacrylate (UDMA),
bisphenol ethoxylated bisphenol-A dimethacrylate (Bis-
EMA), and triethylene glycol dimethacrylate
(TEGDMA). 3

Lava Ultimate has a flexural strength of 200 MPa, and
its fracture resistance is higher compared to glass-
ceramics. Due to its flexibility, it is highly resistant to
fractures and cracks during mastication. The material can
maintain a high-gloss surface quality for a longer
duration compared to conventional CAD/CAM blocks.
Indications for use include veneers, inlays, and onlays.®

Cerasmart (GC, Tokyo, Japan) was introduced to the
market in 2014. It contains 71% inorganic filler particles
by weight. The filler particles consist of silica (20 nm in
diameter) and barium glass fillers (300 nm in diameter),
while the organic component includes 2,2-bis 4-
methacryloxypolyethoxyphenyl propane (Bis-MEPP),
urethane dimethacrylate (UDMA), and dimethacrylate
(DMA).3

Cerasmart has small and homogeneously distributed
particles, ensuring excellent marginal adaptation in
restorations. When compared in terms of flexural
strength, it stands out as the material with the highest
value®

The surface treatment that provides the best bond
strength values for Cerasmart and Lava Ultimate is the
combination of ALOs; sandblasting and silane
application.®

Resin nanoceramics can be easily milled, adapted,
and repolished. They exhibit excellent wear resistance
and are resistant to discoloration. Additionally, compared
to glass ceramics, they cause less wear on opposing teeth.
They do not require a second firing, reducing the need for
extensive laboratory procedures. They possess high
flexural strength (200 MPa).®

1.2. Interpenetrated zirconia-silica ceramic within the
resin matrix.

It contains more than 60% inorganic content by
weight. This group includes Paradigm MZ100 (3M
ESPE, Minnesota, United States) and Shofu Block HC
(Shofu Inc., Kyoto, Japan).!

Paradigm MZ100 was introduced in 2000. It is the
first polymer-infiltrated composite block material in
which ceramic was added to the Z100 composite material
developed by the same company. It consists of 85%
inorganic structure and 15% organic matrix. While
zirconia-silica ceramic particles form the inorganic
component, the organic matrix is composed of Bis-GMA,
TEGDMA, and a triple activator system, with ceramic
particles being completely surrounded by this organic
matrix.

Upon completion of the polymerization process,
zirconia-silica ceramic particles acquire enhanced
mechanical properties. These particles exhibit a flexural
strength of approximately 150 MPa, indicating high
durability.®

For long-term provisional restorations, these
materials can be used for single crowns, inlays, and
onlays, as they can absorb forces in individuals with
bruxism. Some in vitro studies have reported that the
material demonstrates good performance in terms of
fatigue resistance. Like other resin matrix systems, they
allow for more conservative tooth preparation. Coloring,
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finishing, and polishing processes are easy to perform,
and they can be easily adapted intraorally. ®

Lava Ultimate, which has been polymerized under
different temperature and pressure conditions with
enhanced mechanical properties, has replaced Paradigm
MZ100.%

1.3 Interpenetrated glass-ceramic within the resin
matrix.

This group includes Enamic (VITA, Bad Séckingen,
Germany), which was introduced in 2013. These block-
shaped materials, designed exclusively for CAD/CAM
systems, are classified as "Hybrid Ceramics."%?

1.3.1. Vita Enamic (Vita, Bad Sackingen, Germany);

It has a dual-phase microstructure with an
interpenetrated porous ceramic network.!” Its hybrid
structure is formed by the light-curing of a monomer
infiltrated into a porous ceramic substructure.'®

Vita Enamic has an elastic modulus similar to dentin.
It consists of 86% inorganic content (ceramic) by weight
and 75% by volume, while the organic content (polymer)
makes up 14% by weight and 25% by volume.!” The
ceramic component consists of 58-63% silicon dioxide,
20-23% aluminum oxide, 9-11% sodium oxide, 4-6%
potassium oxide, 0.5-2% boron trioxide, <1% zirconia,
and <1% calcium oxide by weight. The organic
component is composed of UDMA (urethane
dimethacrylate) and TEGDMA (triethylene glycol
dimethacrylate). 202!

Its fracture resistance is higher compared to full
ceramics, and its fabrication procedure using CAD/CAM
systems is more efficient.?*?!

First, the powder is sintered to approximately 70% of
the porcelain’s density, followed by monomer infiltration
to complete the production process. It has a flexural
strength of 160 MPa and an elastic modulus of 38 GPa.?

This material successfully combines the favorable
properties of both ceramics and composites, achieving a
balance between durability and elasticity, allowing it to
effectively withstand masticatory forces. Its optical
properties resemble those of natural teeth, and due to its
lower hardness value compared to ceramics, it causes less
wear on opposing teeth. However, this lower hardness
also makes the material more prone to wear over time
compared to feldspathic ceramics.®

Hampe et al. reported that in a study evaluating
fracture resistance before and after thermal cycling,
Enamic demonstrated the highest value after thermal
cycling.?? Similarly, in another study, while a decrease in
flexural strength was observed in Lava Ultimate and
Cerasmart after thermal cycling, no significant change
was detected in Enamic.?* A clinical study reported that
after a three-year clinical follow-up, Enamic

demonstrated a 95-98% clinical success rate and
satisfactory performance.?* An in vitro study determined
that aging did not reduce fracture resistance. Clinical
studies have reported that Enamic demonstrated
acceptable results in terms of color stability, indicating
that the material can be successfully used for aesthetic
purposes. The color stability and natural appearance of
Enamic are significant factors in its preference for
clinical applications.?%?’

Hybrid ceramics have high fracture resistance and a
lower elastic modulus compared to conventional
ceramics. It also offers advantages such as being finely
scraped without fractures or cracks and being easily and
quickly milled using diamond tools. However, some
researchers have noted that the weak polymer matrix can
ecasily separate from the ceramic network, leading to
increased surface roughness. ®

Another study demonstrated that the polymer
component in the hybrid ceramic system is more
sensitive to saliva content compared to conventional full-
ceramic systems, which consequently results in a
decrease in surface microhardness.?

The ceramic network, which is predominantly present
in these materials, is reinforced with a fully integrated
polymer network. The issue of crack propagation,
commonly encountered in ceramic materials, is mitigated
by the polymer network structure. 28

As with other materials, the optical properties of
hybrid ceramics are influenced by monomer composition,
chemical content, filler particle size, and distribution.?®

After the restoration is fabricated, color
characterization can be performed using the staining
technique with Vita Enamic Stains liquid. Firing is not
required for this material. There are light-curing stain and
glaze materials available. If necessary, additional
modifications can be made using 'Vita VM LC' veneer
composite.?!?

Indications include inlays, onlays, anterior and
posterior crowns, implant-supported crowns, minor
defect reconstructions (cervical defects), occlusal
veneers, and non-prep veneers.” They can only be used
for single-tooth restorations.?®?! Their use is not
recommended for bridge fabrication and in patients with
parafunctional habits.”

2. Color Change in Hybrid Ceramics

Color stability is important for ensuring an aesthetic
appearance in dental restorations. Dental
materials are continuously exposed to food and
beverages in the oral cavity. Since these foods and
drinks (such as black tea, red wine, curry, and cola)
contain pigments, they can cause color changes in
dental materials. This may result in the aesthetic
failure of restorations. 3°
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To maintain color stability, dental restoration
materials are generally composed of compounds with a
low potential for discoloration. These materials
undergo  aspecial treatment to minimize color
changes and ensure the long-term preservation of their
shade.®

Although ceramic materials have a very low potential
for color change, this tendency is significantly higher in
composite materials. In terms of color stability, a
comparison between direct composites, indirect
composites, and glass-ceramic materials (LIT) revealed
that, after 15 days of staining in coffee, direct composites
exhibited significantly greater color change. The lowest
color change was observed in the glass-ceramic group. >

The color stability of CAD/CAM composites is
higher compared to manually polymerized resin
composites and glass ceramics. The color changes in
glass ceramics and CAD/CAM composites remain below
the clinically acceptable threshold and can be eliminated
through polishing.*

The results of an in vitro study using CAD/CAM
hybrid and nano-ceramic materials determined that
polymer-infiltrated network ceramic (VITA Enamic)
exhibited greater color stability compared to resin
nanoceramic (Lava Ultimate) and hybrid nanoceramics
with nanoparticle-filled composite resin structures
(Cerasmart). In the polishing process of CAD/CAM resin
ceramics, the use of diamond-filled spiral polishing
wheels and aluminum oxide abrasive polishing discs
does not create a significant difference in terms of color
stability.’!

3. Cementation of Hybrid Ceramics:

One of the most important factors in the clinical
success of indirect restorations is the cementation
process. The cementation success of resin-based
restorative materials depends on the effective treatment
of the resin surface. The bonding of resin-based
restorative materials should be achieved through both
mechanical and chemical means.3%

Resin matrix ceramics combine the durability and
color stability of ceramics with the high flexural strength
and low wear properties of resin composites. These
materials have been referred to by various names,
including resin nanoceramics, hybrid ceramics, resin-
matrix ceramics, dual-network materials, ceramic-based
interpenetrating phase composites, or PICN. !¢

Campos et al. investigated the effect of different
surface treatment applications on the micro-bond
strength between hybrid ceramics and resin cements. In
their study, they reported that applying 10% HF acid for
60 seconds provided the highest bond strength values for
Vita Enamic blocks.” Research has shown that abrasion
of the Vita Enamic surface through sandblasting

enhances adhesion. Therefore,
recommended in clinical applications.

sandblasting s
19,35,36

According to the manufacturer's instructions, light-
cured or dual-cured composite resins are used for
adhesive cementation in the Vita Enamic cementation
process. Depending on the thickness of the restoration,
flowable dual-cure composites are preferred for crown
cementation. Light-cured composites are recommended,
nonetheless, because dual-cure composites may change
color after curing in thin restorations.'®

The restoration is first cleaned in an ultrasonic bath,
and after the internal surface is wiped with alcohol, 5%
hydrofluoric acid is applied for 60 seconds. It is then
rinsed for 60 seconds and dried for 20 seconds. Silane is
applied to the etched surface, followed by the application
of adhesive cement. After placing the restoration, it is
light-cured, and any excess cement is removed.'*

4. CAD-CAM and Hybrid Ceramics

Since the introduction of computer-aided
design/computer-aided manufacturing (CAD/CAM)
technology in dentistry by Mormann in the 1980s,
CAD/CAM systems have rapidly evolved and become
widely utilized.'®373® CAD/CAM technology lowers
expenses while making it possible to fabricate
restorations with recently created, superior materials that
provide functionality, biocompatibility, and aesthetics.
Numerous dental ceramic and composite materials with
various qualities and applications are used in
contemporary dentistry.'® %

Dental ceramics possess high chemical resistance,
along with excellent mechanical and optical properties
and high biocompatibility.'®*" Ceramic materials have
high flexural strength and elasticity modulus. However,
due to these properties, dental ceramics do not absorb
occlusal forces, are not flexible, and are brittle.!%* In the
study conducted by Beier et al., the clinical follow-up of
full-ceramic inlay, onlay, veneer, and crown restorations
revealed a success rate of 93.5% after 10 years, 85.8%
after 15 years, and 78.5% after 20 years. The primary
cause of failure was reported to be ceramic fractures.!®4!
Ceramic materials are more difficult to abrade compared
to composites; however, they offer greater wear
resistance and better biocompatibility. The repair of
dental ceramics can be challenging. In contrast,
composite materials are easier to handle and repair.
However, compared to ceramics, composites exhibit
lower wear resistance, reduced biocompatibility, and
weaker mechanical properties. !4

Dental composites, with advancements in CAD/CAM
blocks, represent a wide and complex range of materials
due to the incorporation of new polymerization methods,
updated microstructures, and diverse components.
Despite this broad variety of materials, there are
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significant differences between these materials and the
properties of dentin and enamel. 1642

With the increasing demand for aesthetics in recent
years, the use of materials with lower elasticity than
enamel (polymer composites) or higher elasticity than
enamel (crystalline ceramics) has become a prominent
consideration. %% Due to their aesthetic properties and
similarity to dentin, resin composites have a wide range
of applications in dental restorations. '%*% In recent
years, new alternative materials that combine the
favorable properties of ceramics and composites and can
be shaped using CAD/CAM technology have been
introduced to the market. These newly developed
materials contain an organic matrix highly filled with
inorganic ceramic particles.'>!°

CONCLUSION

Hybrid ceramics, developed in recent years for dentistry,
are a new type of machinable CAD/CAM material that
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ABSTRACT

In cases where conventional root canal therapy is inadequate for the treatment of teeth with persistent periapical lesions, endodontic
apical surgery is the most appropriate course of action. In cases where anatomical abnormalities, calcified root canals, and
inaccessible apical regions via the conventional approach are present, as well as in instances of unsuccessful root canal treatments,
this procedure is recommended. The primary objective is to prevent bacterial leakage from the root canal system to the periradicular
tissues. This is achieved by excising the contaminated apical tissues, resecting the root-tip, and placing biocompatible root-end filling-
material. A comprehensive medical and dental history is obtained, along with detailed clinical and radiographic examinations, prior to
the initiation of the preoperative assessment. In addition, the patient's general-health and dental-hygiene should be considered prior
to surgery. The outcomes of surgery may vary depending on the techniques and materials used. The success of the treatment is
significantly enhanced using ultrasonic-tips, biocompatible filling-materials, microsurgical procedures, and a dental microscope. The
selection of appropriate cases and the use of the most appropriate surgical techniques are essential for achieving successful results.
The objective is to provide an overview of the current indications, techniques, and treatment outcomes for apical surgery.

Keywords: Apicoectomy, surgery (oral), microsurgery, endodontics, periapical diseases, root canal therapy

oz

Endodontik apikal cerrahi, geleneksel k6k kanal tedavisinin yetersiz kaldigi olgularda periapikal lezyonlu diglerin tedavisi igin
uygulanan cerrahi islemdir. Bu yéntem, anatomik sapmalar, tikali kbk kanallari, bagarisiz kbk kanal tedavisi gibi durumlarda tercih
edilmektedir. Cerrahinin temel amaci, enfekte olmus apikal dokularin ¢ikarilarak k6k ucunun rezeksiyonu ve ardindan biyouyumlu bir
kbk ucu dolgusu yerlestirerek kbk kanal sisteminden periradikiiler dokulara bakteri sizintisini 6nlemektir. Preoperatif degerlendirme,
kapsamli bir tibbi ve dental gegmisin yani sira radyografik incelemelerle yapiimaktadir. Cerrahi islem éncesinde, hastanin adiz hijyeni
ve genel saglgi dikkate alinmalidir. Apikal cerrahinin sonuglari, kullanilan teknik ve malzemelere bagli olarak degiskenlik
gOstermektedir. Mikrocerrahi tekniklerinin uygulanmasi, mikroskop, ultrasonik ug ve biyouyumlu dolgu materyallerinin kullanimi,
tedavinin bagarisini oldukga artirmaktadir. Uygun vaka segimi ve dogru cerrahi teknikler, basarili sonuglar elde edilmesi i¢in kritik
6neme sabhiptir. Bu derlemenin amaci, apikal cerrahinin mevcut endikasyonlarini, tekniklerini ve sonuglarini agiklamaktir.
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