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ABSTRACT

Aims: This study aimed to identify the clinically relevant patient questions about apical root-end resection based on international
consensus guidelines, and to systematically evaluate the accuracy, quality, usefulness, and readability of generated responses by
four Artificial Intelligence (AI)-powered conversational agents, ChatGPT-4, DeepSeek V3.1, Gemini 3, and Copilot.

Methods: A standardized set of 20 clinical questions was developed from the American Association of Endodontists guidelines
and international consensus reports. A priori, an evidence-based answer key was established as the reference standard. Queries
were submitted to ChatGPT-4, DeepSeek V3.1, Gemini 3, and Copilot, following a standardized interaction protocol designed to
minimize personalization and carryover effects, such as incognito mode, newly created accounts, and no response regeneration.
The outputs were independently assessed by three experts in periodontics and oral radiology, using validated tools, such as
CLEAR criteria, modified Global Quality Score (mGQS), accuracy ratings, DISCERN, readability indices (Flesch reading ease,
FRE and Flesch-Kincaid grade level, FKGL) and the patient education materials assessment tool (PEMAT).

Results: ChatGPT-4 and Copilot achieved significantly higher CLEAR scores than Gemini 3. Copilot achieved significantly
higher mGQS and accuracy than DeepSeek V3.1 and Gemini 3 and received significantly lower, and therefore more favorable,
usefulness scores. Gemini 3 scored higher on the FKGL test and lower on the understandability test compared to DeepSeek V3.1.
Relationships between evaluation metrics were different between models.

Conclusion: The Al models evaluated demonstrated significant variability in clinical accuracy, quality, readability, and patient-
centered usability. Copilot had the best overall mGQS and Accuracy scores and the best Usefulness scores, while the models
varied in their strengths in readability, understandability, and actionability.

Keywords: Artificial Intelligence, chatbots, ChatGPT, patient education, readability

INTRODUCTION

Microbial infection is a key factor in the development of
pulpal and periapical diseases.! The main goals of endodontic
therapy are to eliminate or greatly reduce the number of
microorganisms within the root canal system and to place a
proper seal to prevent re-infection of the periapical tissues.?
Conventional root canal therapy has an approximate 90%
success rate, but failure may require nonsurgical retreatment.
Where this is not possible, surgical endodontic therapy is
indicated.” Apical root-end resection is mainly indicated in
the surgical treatment of teeth with advanced endodontic-
periodontal involvement among surgical approaches, but it
is also indicated in some special cases of surgical endodontic

*Corresponding Author: Tugce Paksoy, tugce.paksoy@sbu.edu.tr
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management as described by the American Association of
Endodontists (AAE) and Cohen’s Pathways of the Pulp.*®

Patients are increasingly supplementing the professional
advice they receive from dentists with digital sources.
Patients want to know the risks of procedures, how long
recovery will take, and what the expected results are. The
transition to Artificial Intelligence (AI)-powered platforms
emphasizes the importance of delivering not just accurate
but also patient-centered and accessible information.®” The
most complex part of the internal root canal anatomy is the
apical root canal anatomy, in which irregularities such as
isthmuses and accessory canals are often present.*® These
anatomical variations of the apical third may pose a challenge

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.
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for endodontic procedures and are considered important risk
factors for treatment failure.'** When orthograde root canal
therapy fails, apical root-end resection often is advocated
to remove persistent microbial reservoirs in the complex
apical anatomy. It has been reported that removal of the
apical 3 mm of the root removes approximately 92% of such
irregularities.'” However, apical root-end resection may lead
to thermal changes and procedural alterations in the root
dentin, which may harm the periodontal ligament cells and
adjacent alveolar bone.”? Thus, careful control of temperature
elevation and minimally invasive surgical techniques during
apical root-end resection are essential to minimize the risk of
damage to surrounding vital soft and hard tissues. Therefore,
patients may seek information about indications, risks,
success rates, and postoperative course in online resources
such as AT chatbots.

Since its birth in 1956, Al, loosely defined as computer
systems that mimic human thought processes, has become a
revolutionary technology field."” While AI has the potential
to revolutionize clinical dentistry, a major concern for patient
safety is the risk of ‘hallucinations’, where models generate
information that sounds convincing but is clinically wrong
or out of date. Hence, a thorough assessment of Al-produced
content is highly desirable to guarantee the correctness and
understandability of information about complicated surgical
interventions like apical root-end resection.'*® AI, which
is the ability to accomplish tasks normally associated with
human intelligence including learning, reasoning, problem-
solving and decision-making, has made great strides in
recent years due to improvements in computational power,
algorithmic structures and big data analysis. These advances
have paved the way for widespread use of AI in many areas,
including the health sciences. The use of Al is gaining more
acknowledgement in dentistry as a way to increase diagnostic

improve treatment planning,
6,7,16

accuracy, and advance

education.

While the performance of AI has been investigated in many
dental fields including prosthetics, hypersensitivity and
implantology, there are relatively fewer studies concerning
the reliability of AI agents in endodontic surgery.'® The
present study provides a multidimensional evaluation of four
prominent Al models to bridge this gap. A key component
of this work is to assess the language difficulty of the Al
outputs, as health information materials should be written
at or below an eighth-grade reading level to optimize public
understanding.””** With the increasing use of AI chatbots
by patients to seek oral health information, the objective of
this study is to assess the clinical utility of AI chatbots as
adjunctive educational tools in current endodontic practice
using a comprehensive set of validated tools, namely, CLEAR,
mGQS, DISCERN, and PEMAT.

METHODS
Ethics

No ethics committee approval was necessary, as the study
did not involve human participants, identifiable patient data,
or biological materials. All procedures were carried out in
accordance with the ethical rules and the principles.

Study Design and Question Development

The standard question set was developed using authoritative
clinical and anatomical references, including international
guidelines, consensus-based references and relevant peer-
reviewed studies on surgical endodontics. The core clinical
themes and patient concerns were based on the AAE Glossary
and Clinical Guidelines and Cohen’s Pathways of the Pulp**'
and well-established anatomic success criteria, which
demonstrate that a 3 mm apical root-end resection removes
around 92% of the apical ramifications. Finally, a set of 20
questions was developed to cover clinical indications, success
rates, procedural risks and postoperative protocols. Two
authors (TP and SC§, periodontology specialists) reviewed the
items for linguistic and clinical accuracy and they eliminated
duplicates and semantically equivalent questions and refined
the items to ensure grammatical clarity.

Al Interaction and Data Collection

A primary account was created for each of the four platforms
(ChatGPT-4, Gemini 3, DeepSeek V3.1 and Copilot) with
unique credentials and accessed in incognito mode to
remove any interference from previous user data or search
history. Each query was posed as a ‘new chat’ by a member
of the research team (SG, specialist in oral and maxillofacial
surgery) to ensure independence between responses. Only the
first output was collected and the regeneration feature was
avoided strictly for the sake of consistency of the data. All
interactions occurred on 20™ November, 2025 between 09:00
and 16:00.

Reference Standard and Outcome Assessment

To facilitate an objective evaluation of the Al-generated
responses, a standardized “answer key” (reference standard)
was created prior to the evaluation phase grounded on clinical
consensus statements.*>'° The answers were evaluated by three
independent specialists, who were unaware of the question
formulation team: OSA and GUS (periodontology specialists)
and SO (specialist in oral and maxillofacial radiology).
The multidisciplinary panel graded the AI agents using
the evidence-based reference key and the CLEAR criteria,
modified Global Quality Score (mGQS), accuracy ratings, the
DISCERN instrument, standard readability indices (Flesch
Reading Ease, FRE and Flesch-Kincaid Grade Level, FKGL),
and the patient education materials assessment tool (PEMAT).
To reduce subjective inter-observer variability and guarantee
a thorough comparison with existing clinical evidence, the
validation and data curation process was overseen by another
periodontology expert (SCB).

To examine whether the repeated values of the same variables
are similar, intra-class correlation (two-way mixed and
consistency approach) was used. The analyses showed that
the inter-rater reliability level was above the minimum value
of 0.700 and the inter-rater reliabilities were statistically
significant and highly consistent (p<0.05).

The qualitative integrity of the Al outputs was assessed with the
CLEAR tool, which divides reliability into five core domains:
content completeness, no misinformation, evidence-based
grounding, appropriate formatting, and topical relevance. The
evaluators scored each category (1-5) and a total quality index
was calculated; higher scores indicated better reliability of the
information.**
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The mGQS was used to assess overall contextual depth and
accuracy of the answers. This 5-point scale ranges from
‘strongly disagree’ (indicating entirely flawed content) to
‘strongly agree’ (signifying a comprehensive and error-free
response).”

Accuracy was measured using a five-point Likert scale.
The scale is as follows; Score 1: responses are completely
wrong; Score 2: responses contain more wrong than right
information; Score 3: responses contain an equal amount
of wrong and right information; Score 4: responses contain
more right than wrong information; and Score 5: responses
are completely right.”

S

with varying levels of health literacy can comprehend the
principal messages of educational material. Actionability
refers to the degree to which users are able to identify specific
actions that can be taken based on the information. The
understandability domain of the PEMAT contains 17 items
that are rated 1 (agree), 0 (disagree), or NA (not applicable).
The Actionability domain has 7 elements and they are all
scored the same way. Total scores for both areas range from
0% to 100%, with higher percentages indicating information
that is more understandable and useful for guiding patient
behavior.”

Statistical Analysis
The usefulness of the Al-generated responses was assessed - L
. . . . . Descr1pt1ve statistics were presented as means, standard
using a structured 4-point rating scale. This scale characterizes o ) . .
deviations, medians and interquartile ranges. Data

the responses as follows: (score 1) very useful: the responses
are complete and correct, like what a domain expert would
provide. (Score 2) useful; the responses are mostly correct but
may miss some important details. (Score 3) Partially useful:
the responses contain both correct and incorrect/misleading
information. (Score 4) Not useful: the responses contain only
incorrect/misleading information, with no reliable content.**
In this study, usefulness was defined as the extent to which
a response provided practical information that was needed
by the patient, and provided relevant, understandable and
clinically applicable guidance. Lower scores indicated more
usefulness. A negative correlation with positively oriented
measures like CLEAR, mGQS and Accuracy was thus due to
an opposite direction of scoring scales, and not to an opposite
conceptual relationship.

The linguistic accessibility was quantified using the FRE and
FKGL metrics. The FRE is a numerical representation of the
difficulty of a text (100 being the most easily understood) and
the FKGL transforms this into the American educational
grade level required for complete comprehension.

To systematically evaluate these two key aspects of patient
education materials, a standardized and validated tool called
the PEMAT was employed to assess the comprehensibility and
actionability of the responses generated by Al. The generated
advice was tested for understandability by lay people and
actionability in a clinical setting using PEMAT."**

Individuals ~with  different cultural and educational
backgrounds and varying levels of health literacy must be able
to understand and correctly interpret the main messages of
instructional materials for them to be considered intelligible.
Understandability refers to the extent to which individuals

distribution was evaluated using the Shapiro-Wilk test.
Overall differences among AI models were assessed using
the Kruskal-Wallis H test. When significant, pairwise post
hoc comparisons were performed with Bonferroni correction
because the assumptions of normality were not met. The
Spearman’s rank correlation coefficient was used to assess
the associations between variables. Statistical analyses were
performed using IBM SPSS Statistics version 27.

RESULTS

Kruskal-Wallis tests were used to compare differences in
response characteristics by type of Al There were significant
differences between AI types for CLEAR, mGQS, accuracy,
usefulness, FKGL and understandability% scores (p<0.05).
Bonferroni post hoc tests showed that both Copilot and
ChatGPT scored significantly higher on CLEAR than
Gemini 3 (p=0.001 and p<0.001). For mGQS and Accuracy,
Copilot was much higher than DeepSeek V3.1 and Gemini
3 (p<0.001). Copilot scored significantly lower and therefore
more favorable Usefulness scores than DeepSeek V3.1 and
Gemini 3 (p<0.001). Gemini 3 had a significantly higher FKGL
score than DeepSeek V3.1 (p=0.027) and DeepSeek V3.1 was
significantly better than Gemini 3 for understandability%
(p=0.040) (Table 1).

Then, Spearman correlation analyses were performed
separately for each AI model. In the case of ChatGPT-4, the
CLEAR score was highly and positively correlated with mGQS
and Accuracy (r=0.856, p<0.05) but highly and negatively
correlated with Usefulness (r=-0.856, p<0.05). mGQS was
found to be perfectly and positively correlated with accuracy

Table 1. Distribution and comparison of features of responses according to AI types

ChatGPT-4 Copilot DeepSeek V3.1 Gemini 3
Median Median Median Median Test
MeantSD  (25%-75% q) Mean+SD (25%-75% q) Mean+SD (25%-75% q)  Mean+SD (25%-75% q)  statistics P
CLEAR 24+0.86 24 (24-24.5) 24.2+0.89 24 (24-25) 23.25%1.77 24 (24-24) 23.05+0.51 23 (23-23) 24.299 <0.001*
mGQS 4.25+0.44 4 (4-4.5) 4.5+0.51 4.5 (4-5) 440 4 (4-4) 4+0 4 (4-4) 22.282  <0.001*
Accuracy  4.25+0.44 4 (4-4.5) 4.5+0.51 4.5 (4-5) 4+0 4 (4-4) 4+0 4 (4-4) 22.282 <0.001*
Usefulness  1.75+0.44 2(1.5-2) 1.5+0.51 1.5(1-2) 210 2(2-2) 240 2(2-2) 22282  <0.001*
FRE 53.95+17.68 57.4 (44.55-66.4) 47.47+12.46 46.7 (37.75-59.1) 56.11+20.89 55.3 (39.75-62.85) 46.48+13.54 47.8 (37.25-56.35)  4.311 0.230
FKGL 8.48+2.8  8.35(7.25-9.5) 9.81+2.24 10.25(8.05-11.25) 7.32+3.43 7.4 (6.6-9.35) 10.82+2.23  10.7 (9.15-12.1) 16.868 <0.001*
DISCERN  27.7+0.98 28 (28-28) 28+2.15 28 (27.5-28) 27.5%1.54 28 (27.5-28) 27.35%1.87 28 (28-28) 0.404 0.939
U% 75.05+18.76 83 (67-87) 72.15%7.21 75 (67-79) 78.75+£10.19  82.5(76-85.5)  70.35+9.94 70 (66-77) 11.322  0.010*
A% 57+17.5 60 (40-70) 61£17.74 60 (60-70) 54.9+21.59  58.5 (40-73.5) 54+9.4 60 (40-60) 1.905 0.592

*p<0.05, AI: Artificial Intelligence, SD: Standard deviation, q: Quartile, mGQS: Modified Global Quality Score, FRE: Flesch reading ease, FKGL: Flesch-Kincaid grade level, U: Understandability,

A: Actionability
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(r=1.000, p<0.05) and both were found to be perfectly and
negatively correlated with usefulness (r=-1.000, p<0.05). FRE
and FKGL were very strongly correlated (r=-0.967, p<0.05).
There was a moderate negative correlation between FKGL
and DISCERN (r=-0.456, p<0.05). Correlation between
understandability% and actionability% was moderate
(r=0.587, p<0.05) and DISCERN with understandability%
and actionability% was moderate (r=0.585 and r=0.537,
p<0.05) (Table 2).

Regarding Copilot, CLEAR score was strongly and positively
correlated with mGQS and accuracy (r=0.877, p<0.05), and
strongly and negatively correlated with usefulness (r=-0.877,
p<0.05). It also indicated a moderate positive correlation with
understandability% (r=0.485, p<0.05). mGQS and accuracy
were perfectly correlated (r=1.000, p<0.05) and both were
perfectly negatively correlated with usefulness (r=-1.000,
p<0.05). FRE was very strongly and negatively correlated to
FKGL (r=-0.908, p<0.05). FKGL was moderately negatively

correlated to DISCERN (r=-0.579, p<0.05). DISCERN had
moderate positive correlations with understandability%
and actionability% (r=0.600 and r=0.544, p<0.05), and
understandability% and actionability% were also moderately
positively correlated (r=0.455, p<0.05) (Table 3).

In DeepSeek V3.1, CLEAR score showed a moderate positive
correlation with the actionability% (r=0.589, p<0.05). mGQS
had perfect positive correlations with accuracy and usefulness
(r=1.000, p<0.05). Accuracy and usefulness were perfectly
correlated (r=1.000). FRE and FKGL were highly negatively
correlated (r=-0.971, p<0.05). There was a moderate positive
correlation between understandability% and DISCERN
(r=0.499, p<0.05) and understandability% and actionability%
(r=0.640, p<0.05) (Table 4).

For Gemini 3, mGQS was perfectly positively correlated with
both accuracy and usefulness (r=1.000, p<0.05) and accuracy
was also perfectly positively correlated with usefulness (r=1.000,

Table 2. Relationships between metrics for ChatGPT-4

mGQS Accuracy
r 0.856 0.856
CLEAR
p <0.001* <0.001*
r 1.000
mGQS
P <0.001*
r
Accuracy
P
r
Usefulness
p
r
FRE
p
r
FKGL
P
r
DISCERN
P
r
Understandability%
P

Usefulness FRE FKGL DISCERN U% A%
-0.856 -0.161 0.248 0.094 0.248 0.360
<0.001* 0.497 0.292 0.694 0.291 0.119
-1.000 -0.250 0.351 -0.040 0.293 0.159
<0.001* 0.287 0.130 0.868 0.210 0.504
-1.000 -0.250 0.351 -0.040 0.293 0.159
<0.001* 0.287 0.130 0.868 0.210 0.504
0.250 -0.351 0.040 -0.293 -0.159
0.287 0.130 0.868 0.210 0.504
1.000 -0.967 0.420 0.225 -0.138

<0.001* 0.065 0.341 0.561
-0.456 -0.218 0.099
0.043* 0.357 0.677
0.585 0.537
0.007* 0.015*
0.587
0.007*

*p<0.05 and r: Correlation coefficient, nGQS: Modified Global Quality Score, FRE: Flesch reading ease, FKGL: Flesch-Kincaid grade level, U: Understandability, A: Actionability

Table 3. Relationships between metrics for Copilot

mGQS Accuracy Usefulness
r 0.877 0.877 -0.877
CLEAR
p <0.001* <0.001* <0.001*
r 1.000 -1.000
mGQS
p <0.001* <0.001*
r -1.000
Accuracy
p <0.001*
r
Usefulness
P
r
FRE
P
r
FKGL
P
r
DISCERN
P
r
Understandability%
p

FRE FKGL DISCERN U% A%
-0.309 0.051 0.322 0.485 0.268
0.185 0.831 0.166 0.030* 0.253
-0.434 0.200 0.059 0.315 0.096
0.056 0.399 0.805 0.176 0.689
-0.434 0.200 0.059 0.315 0.096
0.056 0.399 0.805 0.176 0.689
0.434 -0.200 -0.059 -0.315 -0.096
0.056 0.399 0.805 0.176 0.689
1.000 -0.908 0.357 0.085 0.121

<0.001* 0.122 0.722 0.612
-0.579 -0.310 -0.345

0.007* 0.183 0.137

0.600 0.544

0.005* 0.013*

0.455

0.044*

*p<0.05 and r: Correlation coefficient, nGQS: Modified Global Quality Score, FRE: Flesch reading ease, FKGL: Flesch-Kincaid grade level, U: Understandability, A: Actionability
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p<0.05). FRE was strongly and negatively correlated with
FKGL (r=-0.964, p<0.05), and was moderately and positively
correlated with understandability% (r=0.530, p<0.05). FKGL
was moderately correlated with understandability% (r=-0.539,
p<0.05). Finally, understandability% and actionability% were
strongly positively correlated (r=0.778, p<0.05) (Table 5).

DISCUSSION

This study is among the first to systematically identify the
clinically relevant patient questions about apical root-end
resection and to evaluate the accuracy, content quality,
readability, and patient-centered usability of responses
generated by four Al-powered conversational agents
(ChatGPT-4, DeepSeek V3.1, Copilot, and Gemini 3). Our
findings revealed significant differences in response quality,

accuracy, and readability across the evaluated platforms.
Models differed overall in terms of readability. Some responses
were suitable for patient education and some were beyond the
recommended grade level. There were also limitations in the
accuracy and depth of content. The results are consistent with
the previous literature emphasizing the potential and limits of
Al-based tools in dentistry. Compared to prior research that
mainly assesses readability metrics,'®*®#* the application
of the PEMAT and DISCERN tools in our study provides a
more complex assessment of whether content produced by
Al is both readable and actionable and of high quality from a
patient education standpoint.

Bahadir et al.” found that patients have a positive attitude
towards Al-assisted dental diagnostics and trust their
dentists. Similarly, Kosan et al.”® showed that patients tend

Table 4. Relationships between metrics for DeepSeek V3.1

mGQS Accuracy Usefulness FRE FKGL  DISCERN U% A%

r 0.427 0.427 0.427 0.228 -0.274 0.065 0.437 0.589
CLEAR

p 0.061 0.061 0.061 0.334 0.242 0.785 0.054 0.006*

r 1.000 1.000 0.139 -0.338 0.442 0.342 0.183
mGQS

P <0.001* <0.001* 0.558 0.145 0.051 0.139 0.440

r 1.000 0.139 -0.338 0.442 0.342 0.183
Accuracy

p <0.001* 0.558 0.145 0.051 0.139 0.440

r 0.139 -0.338 0.442 0.342 0.183
Usefulness

p 0.558 0.145 0.051 0.139 0.440

r -0.971 0.161 0.042 0.243
FRE

P <0.001* 0.499 0.861 0.301

r -0.242 -0.075 -0.183
FKGL

P 0.303 0.752 0.440

r 0.499 0.227
DISCERN

p 0.025* 0.335

r 0.640
U%

p 0.002*

*p<0.05 and r: Correlation coefficient, nGQS: Modified Global Quality Score, FRE: Flesch reading ease, FKGL: Flesch-Kincaid grade level, U: Understandability, A: Actionability

Table 5. Relationships between metrics for Gemini 3

mGQS Accuracy Usefulness FRE FKGL  DISCERN U% A%

CLEAR r 0.026 0.026 0.026 -0.211 0.298 -0.018 -0.404 -0.374

p 0.913 0.913 0.913 0.371 0.202 0.939 0.077 0.104
mGQS r 1.000 1.000 -0.060 -0.020 0.392 0.083 -0.150

p <0.001* <0.001* 0.803 0.934 0.087 0.729 0.527
Accuracy r 1.000 -0.060 -0.020 0.392 0.083 -0.150

p <0.001* 0.803 0.934 0.087 0.729 0.527
Usefulness r -0.060 -0.020 0.392 0.083 -0.150

p 0.803 0.934 0.087 0.729 0.527

r -0.964 0.225 0.530 0.435
FRE

p 0.001* 0.339 0.016% 0.055

r -0.233 -0.539 -0.388
FKGL

p 0.322 0.014* 0.091
DISCERN r 0.309 0.298

p 0.186 0.201

r 0.778
U%

p <0.001*
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to have a positive attitude towards Al in dentistry and that
Al-assisted diagnostics could enhance patients’ caries
detection on radiographs without significantly affecting
their trust in dental professionals. Previous studies**** have
reported generally positive patient attitudes towards Al in
dentistry, although they stress the continued importance of
trust in dental professionals. The findings underscore the
importance of Al-generated information being accurate and
understandable, and used as a supplement, not a substitute, to
professional consultation. Thus, Al-powered conversational
agents seem to have increasing potential in both clinical
education and patient information. In this context, we sought
to evaluate the accuracy of Al responses on apical root-end
resection, a procedure where patients, even with detailed in-
office explanations, frequently retain residual uncertainty.

Previous studies indicate that AI systems can achieve
remarkable accuracy in areas such as dental implant
prognosis, peri-implant bone loss detection, and apical
surgery. For instance, Alqutaibi et al.”’ described that Al
algorithms predicting implant prognosis from radiographic
data achieved up to 99.8% accuracy, while Mugri et al.*
reported that AI models detecting peri-implant bone loss
demonstrated 61-94.7% accuracy with high specificity.
While the high performance of AI in image-based dental
diagnostic tasks has been demonstrated, such findings are not
directly comparable with the evaluation of generative chatbot
responses. Generative models are evaluated separately, as they
could generate linguistically plausible but clinically incorrect
information. In endodontics, Durmazpinar et al.** showed that
the diagnostic accuracy of ChatGPT-4 was higher than that of
3- and 5%-year dental students, suggesting the possibility of
AT as a clinical education tool. Ekmekci et al.’? also reported
that ChatGPT-4 with a PDF plugin achieved higher accuracy
than ChatGPT-40 and Gemini in answering questions about
regenerative endodontic treatment. The studies support
the proposition of AI generating clinically relevant and
accurate responses, consistent with our finding that all four
chatbots scored high on the CLEAR, mGQS, and Accuracy
scales. Our query set was created from established clinical
consensus statements and the AAE and Cohen’s Pathways
of the Pulp guidelines, thus establishing an evidence-based
reference standard based on established clinical guidelines
and consensus sources in evaluating the AI models, rather
than arbitrary patient inquiries.*>° We find more subtle
differences across platforms as well. Esmailpour et al."* found
that Gemini is better in factual correctness and ChatGPT-4
and Copilot showed more uniform overall performance in a
broader set of questions. There was no difference in DISCERN
scores between the four models. However, Copilot scored the
highest for mGQS and Accuracy. These findings partly align
with previous work™ that indicates Al-generated answers may
offer high-quality patient information overall but are still not
deep enough for clinical decision-making. Copilot scored the
highest mean CLEAR score followed by ChatGPT-4, both
significantly higher than Gemini 3, suggesting that readability
and understandability may not fully align with factual
accuracy, which is also noted in the evaluation of Al responses
to emergency care questions by Yau et al.** Gemini 3 had a
higher FKGL and lower understandability than DeepSeek
V3.1, suggesting that increased linguistic complexity may
limit the accessibility of otherwise informative responses.
The information in Gemini 3 was generally accurate, but the

higher reading grade level appeared to compromise practical
understandability. Importantly, the negative correlations
between Usefulness and CLEAR, mGQS, or Accuracy
should not be interpreted as indicating that more accurate
or higher-quality responses were less useful. This pattern
primarily resulted from the opposite scoring directions:
lower Usefulness scores denoted greater usefulness, whereas
higher CLEAR, mGQS, and Accuracy scores indicated better
performance. Because the Usefulness scale was reverse-
coded, with lower scores indicating greater usefulness,
negative correlations with positively oriented measures such
as CLEAR, mGQS, and Accuracy represented concordant
rather than contradictory performance.

A multidisciplinary panel, which included periodontists and
an oral and maxillofacial radiologist, broadly assessed the
Al-generated responses. This multidisciplinary approach
enabled evaluation of the responses from the perspectives of
the periodontist/surgeon and the radiologist relevant to apical
root-end resection and follow-up.

In our study, the analysis of readability indicated that the
responses from Gemini 3 and Copilot had higher FKGL
scores, showing that generally, a higher educational reading
level was required for responses. DeepSeek V3.1 had the
lowest mean FKGL score. Bitker and Mercan®* reported
that none of the AI chatbots met the recommended level of
readability for patient education materials, but Gemini was
superior to the other models in terms of readability, accuracy
and quality of response. Dursun and Geger® found that all AT
chatbots provided generally accurate and moderate-to-good
quality information on clear aligners, but the responses from
Gemini were significantly more readable than ChatGPT-3.5,
ChatGPT-4 and Copilot. Ozcivelek and Ozcan' found that the
readability of AI chatbots was different when patients asked
questions about dental and maxillofacial prostheses. The best
readability was DeepSeek-R1 and the worst readability was
Dental GPT. Esmailpour et al."* evaluated the performance
of Al chatbots in responding to patients’ questions regarding
dental prosthesis. They observed that Google Gemini scored
the highest quality scores, whereas ChatGPT offered more
complex and less readable responses. Variability in readability
across studies may be attributed to differences in model
architecture, training data, prompt design, domain-specific
fine-tuning, and question complexity. The choice of the Al
architecture, the training datasets, the prompt design and
the domain-specific fine-tuning can impact the complexity
of the sentence, the choice of words and the overall structure
of the text. Also, the type of question asked, ranging from a
technical clinical procedure to a general patient concern, will
probably affect the language complexity required to give an
accurate, yet comprehensible, answer. Together, these factors
help to explain why some AI outputs have greater readability
and others are above the recommended levels for patient
education materials.

Limitations

This study has a few limitations. First, only four AI-powered
chatbots were assessed (ChatGPT-4, DeepSeek V3.1, Copilot,
and Gemini 3), which limits the generalizability of the
findings to other AI models or future versions. Second, the
responses were collected on one day and only the initial
responses were considered. As AI models are constantly
updating and improving their responses, the results might be
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different if the same questions were asked at a different time
or with different prompts. Third, although we systematically
assessed the readability by established indices, the patient-
centered understandability and actionability were assessed by
the PEMAT tool and not by testing on patients, which may
not fully reflect the real-world comprehension. Finally, the
complexity and wording of questions could have affected the
quality and clarity of the Al-generated responses. Together,
these limitations highlight the need for careful interpretation
and the need for further studies to assess AI chatbots in
other languages, clinical domains, patient populations, and
longitudinal settings.

CONCLUSION

The tested models presented considerable potential for
the delivery of generally accurate and clear information
regarding apical root-end resection, demonstrating different
performance profiles. Copilot had the highest overall mGQS
and Accuracy scores, the most favorable usefulness scores, and
the highest mean CLEAR score, with ChatGPT-4 close behind,
both significantly outperforming Gemini 3 on CLEAR.
There was no significant difference in the DISCERN scores
between the four models, indicating comparable performance
for this measure. Gemini 3 scored higher on FKGL and
lower on understandability compared with DeepSeek V3.1,
suggesting that clinically informative content may still be
difficult to understand for patients when presented at a higher
reading level. Because the usefulness scale was reverse-coded,
negative correlations with positively oriented measures
such as CLEAR, mGQS and Accuracy reflected concordant
rather than contradictory performance. Overall, the findings
suggest that technical accuracy, readability, understandability
and actionability are related but distinct dimensions of
patient information generated by AIL AI chatbots can be
useful additions to answering patient questions, but clinician
oversight is advised to make sure that the information
provided is clinically accurate, understandable, and practically
actionable. Future developments should therefore take into
account the trade-off between technical accuracy and patient-
centered communication as well as existing health literacy
standards.
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ABSTRACT

Aims: This study compared the performance of the ChatGPT, Gemini, Copilot, and DeepSeek large language model-based
chatbots in answering prosthodontic questions from the Turkish Dental Specialty Exam (DUS).

Methods: A total of 126 prosthodontic questions from DUS examinations conducted between 2012 and 2021 were included
in the study after excluding visually based and canceled questions. The questions were classified as knowledge-based and case-
based. Additionally, they were categorized according to topic areas as fixed prosthodontics, removable prosthodontics and
implant-supported prosthodontics. The data were analyzed using the generalized estimating equations model, which accounts
for repeated measurements, and differences between models were evaluated using Bonferroni-corrected post hoc tests.
Results: All chatbot models included in this study achieved an overall accuracy rate above 80% (ChatGPT-40: 85.71%; Copilot:
83.33%; Gemini 3 Flash: 81.75%; DeepSeek-V3.2: 80.16%). No statistically significant difference was observed among the
models in terms of overall performance (p=0.619). All models demonstrated significantly higher performance on knowledge-
based questions than on case-based questions (p<0.05). Topic-based analysis showed numerically lower accuracy for implant-
supported prosthodontic questions than for fixed and removable prosthodontic questions. However, this finding should be
interpreted cautiously because the implant-supported subgroup included only four questions. No significant relationship was
found between examination years and the accuracy rates of the models (x’=7.1; p=0.62).

Conclusion: The examined Artificial Intelligence models demonstrated a high level of accuracy in answering prosthodontic
specialty questions. These systems have the potential to serve as supportive tools in dental education and examination preparation
processes. However, owing to their limitations in questions requiring clinical reasoning, particularly case-based questions, their
use should be approached cautiously and critically.

Keywords: Artificial Intelligence, large language models, prosthodontics, DUS, dental education

“This study was presented orally at the ‘4" National Istanbul Aydin University Faculty of Dentistry Young Dentists and Student Congress’.

INTRODUCTION

Artificial Intelligence (AI) refers to a field of technology
aimed at developing computer systems and algorithms
capable of performing tasks that typically require human
intelligence.! AI applications based on methods such as
deep learning and neural networks have led to substantial
transformations in numerous fields, including healthcare.” In
recent years, these technologies have enabled major advances
in healthcare services by facilitating rapid data analysis, early
error detection, and support for clinical decision-making
processes, thereby contributing to improved workflow
efficiency, increased productivity, and reduced error rates in
the healthcare sector.”*

The rapid advancement of Al in the fields of health sciences
and education has also significantly transformed access
to information and academic learning methods.” One
of the most notable outcomes of this transformation has
been the emergence of large language models (LLMs),
advanced AT systems capable of mimicking human language
comprehension, interpretation, and generation.® These models
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are trained on large and heterogeneous text corpora using
deep learning algorithms and are capable of producing highly
human-like, contextually relevant outputs.”*

LLM-based conversational systems such as ChatGPT, Gemini,
Copilot, and DeepSeek, which represent some of the most
widely accessible applications of this technology today, are
capable of successfully performing complex tasks including
text generation, summarization, translation, and question
answering.” Nevertheless, LLMs may differ in terms of
architecture, training data sources, updating mechanisms,
and multimodal capabilities, which can lead to variations in
accuracy and response quality across disciplines and question
types.” Therefore, particularly in fields requiring specialized
expertise such as medicine and dentistry, the accuracy and
contextual reliability of the content generated by these models
should be evaluated carefully and systematically.'"'?

The integration of Al-powered chatbots into dental education
and clinical practice may only be feasible to the extent

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.
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that these systems can generate sufficiently accurate and
reliable responses within relevant areas of expertise.? In this
context, standardized examinations requiring high levels of
cognitive competence provide an important benchmark for
evaluating the performance of AI systems. In Turkiye, the
Dental Specialty Exam (DUS) is a nationally administered,
high-stakes examination used as the primary criterion
for admission to postgraduate dental specialty training
programs. The examination consists of multiple-choice
questions designed to assess dentists’ professional knowledge
in both clinical dentistry and basic sciences.>"* Evaluating the
performance of Al-based chatbots on this examination may
provide valuable insight into the potential applications of
these systems in dentistry."*

In recent years, the number of studies evaluating the
performance of Al-based LLMs through the DUS and
similar examinations has increased considerably. However,
a substantial proportion of these studies have focused on
specific specialty fields, limited question sets, or selected model
comparisons. Therefore, further comparative evaluations of
different models within specific dental disciplines are needed.

Prosthodontics is a complex dental specialty that encompasses
biomechanical principles, materials science, occlusion, esthetic
planning, and clinical decision-making processes.”” Owing
to its multidimensional nature, prosthodontics provides an
appropriate testing domain for assessing the ability of LLMs
to integrate theoretical knowledge with clinical reasoning.
In particular, the limited number of studies investigating
the comparative performance of different AI models in
prosthodontics according to examination years, question
types, and subtopic categories highlights the need for more
comprehensive evaluations in this field.

Accordingly, this study aimed to evaluate and compare the
performance of Al-powered chatbots, including ChatGPT,
Gemini, Copilot, and DeepSeek, in answering prosthodontic
questions from previously administered DUS examinations.
The null hypotheses tested were as follows: no significant
difference among the models in terms of overall accuracy
rates (Ho1), no performance difference between knowledge-
based and case-based questions (Ho.), and similar accuracy
rates across removable, fixed, and implant-supported
prosthodontic questions (Hos).

METHODS
Ethics

Ethical approval was not required for this study because all
data were obtained from publicly available examination
questions published on the official website of the Measurement,
Selection and Placement Center (OSYM). Informed consent
was also not required, because the study did not involve
human participants, personal data, or clinical records. All
procedures were carried out in accordance with the ethical
rules and the principles.

Data Source and Eligibility Criteria

The DUS is a nationwide centralized examination consisting
of 120 multiple-choice questions, including 40 basic
sciences and 80 clinical sciences questions, 10 of which are
related to prosthodontics. First administered in 2012, the
DUS was conducted twice annually until 2014 and once
annually between 2015 and 2021. Accordingly, a total of 13

examinations containing prosthodontic questions were
included in the present study. Examinations conducted after
OSYM discontinued the public release of DUS questions in
2021 were excluded.

The exclusion criteria comprised questions officially canceled
by OSYM because of issues such as the presence of multiple
correct answers or the absence of a valid correct answer, as
well as questions containing figures, images, or graphical
content. Questions with visual content were excluded
because current AI models are predominantly based on
text-processing architectures and still exhibit limitations in
effectively interpreting complex visual information.'

Initially, 130 prosthodontic questions were identified during
the study period. After excluding questions that met the
exclusion criteria, 126 questions were included in the analysis.

Question Classification

To ensure analytical consistency, the included questions were
independently evaluated by two prosthodontists and classified
according to three criteria; the examination year, question
type, and topic area. Based on the question type, the questions
were categorized as either knowledge-based or case-based.
Knowledge-based questions were defined as those requiring
direct factual knowledge related to basic concepts, material
properties, or theoretical information, whereas case-based
questions were defined as those involving clinical scenarios
requiring diagnosis, treatment planning, or clinical decision-
making.

Of the 126 questions included in the overall analysis, 97 were
assigned to one of the three predefined topic categories: fixed
prosthodontics (n=48), removable prosthodontics (n=45),
and implant-supported prosthodontics (n=4) (Table 1). The
remaining 29 questions were excluded from the topic-based
subgroup analysis because they addressed cross-cutting
subjects, including impression materials, occlusion, and
temporomandibular joint-related topics, that could not be
assigned exclusively to a single prosthodontic treatment
category. These questions were retained in the overall accuracy
and question-type analyses.

Table 1. Classification of DUS prosthodontic questions according to topic

area

Topic Definition/scope

. Questions related to diagnosis, treatment
Fixed planning, tooth preparation principles,
prosthesis material selection, and occlusal considerations

for fixed prosthetic restorations

Questions concerning the planning, design,
biomechanics, and clinical application of
removable prosthetic treatments

Removable prosthesis

Questions related to prosthetic rehabilitation
using dental implants, including treatment
planning, prosthetic design, and implant-
supported restorations

DUS: Turkish Dental Specialty Exam

Implant-supported prosthesis

Query Protocol and Response Evaluation

All chatbot interactions were conducted on January 13,
2026, in a desktop environment using the Google Chrome
browser (version 124.0; Google LLC, Mountain View, CA,
USA) on the Windows 10 operating system (Microsoft Corp.,
Redmond, WA, USA). The final question set was presented
in Turkish under standardized conditions using the publicly
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accessible versions of ChatGPT-40 (OpenAl, San Francisco,
CA, USA; https://chat.openai.com/), Gemini 3 Flash (Google
LLC, Mountain View, CA, USA; https://gemini.google.com/),
Copilot (Microsoft Corp., Redmond, WA, USA; https://
copilot.microsoft.com/), and DeepSeek-V3.2 (DeepSeek Al,
Hangzhou, China; https://chat.deepseek.com/) available on
that date. All systems were accessed through their official
browser-based web platforms rather than application
programming interfaces (APIs).

New accounts were created for each of the chatbots. In
addition, a separate new session was initiated for each
question to prevent the previous conversational context from
influencing the AI system’s responses. Before each question,
the following standardized Turkish prompt was provided to
all models: “assume that you are a candidate taking the DUS
examination. Select the most appropriate answer from the
options provided in the following multiple-choice questions.
Each question contains five options, and only one option is
correct.”

Only the first response generated by each chatbot was
included in the evaluation, and no regeneration of responses
was performed. Responses were considered “correct” if they
matched the official answer key published by the OSYM. The
accuracy rate for each chatbot was calculated as the percentage
obtained by dividing the number of correctly answered
questions by the total number of questions answered.

Inter-rater reliability for the classification of question type,
topic area, and response accuracy was assessed using Cohen’s

3}
RESULTS

The distributions of correct and incorrect responses of the
chatbot models according to question type are presented in
Table 2. Across all models, the accuracy rates for knowledge-
based questions were higher than those for case-based
questions. Among the knowledge-based questions, ChatGPT
demonstrated the highest accuracy rate (90.48%), followed by
Copilot (87.62%), Gemini (86.67%), and DeepSeek (85.71%).
For case-based questions, ChatGPT and Copilot achieved
identical accuracy rates (61.90%). In contrast, Gemini (57.14%)
and DeepSeek (52.38%) demonstrated lower accuracy rates for
case-based questions.

Table 2. Accuracy rates of chatbot models according to question type

Knowledge (n=105) Case-based (n=21)

Model

True False True False p-value
ChatGPT  90.48% (95) 9.52% (10) 61.90% (13) 38.10% (8) 0.031*
Gemini 86.67% (91) 13.33% (14) 57.14% (12) 42.86% (9) 0.039*
Copilot 87.62% (92) 12.38% (13) 61.90% (13) 38.10% (8) 0.025*
DeepSeek  85.71% (90) 14.29% (15) 52.38% (11) 47.62% (10) 0.028*

*Statistically significant

When all questions were evaluated together, ChatGPT
achieved the highest overall accuracy rate (85.71%), followed
by Copilot (83.33%), Gemini (81.75%) and DeepSeek (80.16%).
However, no statistically significant differences were observed
among the models in terms of knowledge-based questions,
case-based questions, or overall accuracy rates (p=0.684,
p=0.892, and p=0.619, respectively) (Table 3).

Table 3. Comparison of chatbot models according to question type and overall accuracy

ChatGPT Gemini Copilot DeepSeek
Question type n True False True False True False True False p-value
Knowledge 105 90.48% (95) 9.52% (10) 86.67% (91) 13.33% (14) 87.62% (92) 12.38% (13) 85.71% (90) 14.29% (15)  0.684
Case-based 21 61.90% (13) 38.10% (8) 57.14% (12) 42.86% (9) 61.90% (13) 38.10% (8) 52.38% (11) 47.62% (10)  0.892
Total 126 85.71% (108) 14.29% (18) 81.75% (103) 18.25% (23) 83.33% (105) 16.67% (21) 80.16% (101) 19.84% (25) 0.619

kappa (k) coefficient. The Cohen’s kappa value was 0.91,
indicating a high level of agreement between evaluators. In
cases of disagreement, a consensus was reached between the
evaluators.

Statistical Analysis

All data analyses were performed using SPSS statistical
software version 27.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics were used to summarize the accuracy
rates of the AI models. The dependent variable was defined
as response accuracy (correct/incorrect). Because the
responses were binary and each question was answered
by all models, the generalized estimating equations (GEE)
approach was employed to account for the repeated-measures
structure of the data. A binomial distribution with a logit
link function was used in the analyses, and the correlation
structure was specified as exchangeable. The effects of
model type, examination year, question type, and topic area
on the probability of a correct response were evaluated.
Bonferroni-corrected pairwise comparisons were performed
for statistically significant findings. A p-value of <0.05 was
considered statistically significant.

In the Bonferroni-corrected pairwise comparison analyses,
no statistically significant differences were detected among
the chatbot models for either knowledge-based or case-based
questions (p>0.05). This finding indicates that the models
demonstrated comparable performance levels regardless of
the question type (Table 4).

Table 4. Pairwise comparisons of chatbot performance according to
question type

Chatbots Knowledge (p)  Case-based (p)
ChatGPT-Gemini 0.342 0.743
ChatGPT-Copilot 0.514 1.000
ChatGPT-DeepSeek 0.287 0.612
Gemini-Copilot 0.621 0.721
Gemini-DeepSeek 0.418 0.534
Copilot-DeepSeek 0.552 0.674

In the topic-based evaluation, all the chatbot models showed
similar accuracy rates for fixed and removable prosthodontic
questions, whereas lower accuracy rates were observed for
implant-supported prosthodontic questions. Within-model
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comparisons indicated a statistically significant effect of demonstrated no statistically significant differences among
topic area on accuracy rates (p<0.05). However, the implant-  the models in terms of overall accuracy. In addition, higher
supported prosthodontics subgroup comprised only four accuracy rates were observed for knowledge-based questions
questions; therefore, the corresponding percentage estimates  than for case-based questions. Topic-based evaluation
and subgroup comparisons should be regarded as unstable revealed similar performance in fixed and removable
and interpreted cautiously (Table 5). prosthodontics, whereas numerically lower accuracy was

Table 5. Accuracy rates of chatbot models according to prosthodontic topic categories

Fixed prosthesis (n=48) Removable prosthesis (n=45) Implant-supported prosthesis (n=4)

Model True False True False True False p-value
ChatGPT 87.50% (42) 12.50% (6) 86.67% (39) 13.33% (6) 50.00% (2) 50.00% (2) 0.021*
Gemini 85.42% (41) 14.58% (7) 84.44% (38) 15.56% (7) 50.00% (2) 50.00% (2) 0.027*
Copilot 83.33% (40) 16.67% (8) 82.22% (37) 17.78% (8) 25.00% (1) 75.00% (3) 0.018*
DeepSeek 81.25% (39)  18.75% (9)  80.00% (36) 20.00% (9) 25.00% (1) 75.00% (3) 0.015*

*Statistically significant

However, Bonferroni-corrected pairwise comparison analyses  observed in the implant-supported subgroup. Accordingly,
revealed no statistically significant differences among the  the null hypothesis regarding overall performance differences
chatbot models in any of the fixed, removable, or implant-  among the models (Ho;) was not rejected, whereas the null
supported prosthodontic categories (p>0.05) (Table 6). hypotheses concerning differences between knowledge-based

and case-based questions (Hy,) and differences according to
Table 6. Pairwise comparisons of chatbot performance according to topic area (Hos) were rejected.

prosthodontic topic categories

. The impact of AI has become increasingly prominent in

Fixed Removable Implant-supported . . .
Chatbots prosthesis (p) prosthesis (p)  prosthesis (p) healthcare fields such as medicine and dentistry, with
applications in numerous processes including diagnosis,

ChatGPT-Gemini 0.79 0.82 1.00 _ .
i treatment planning, and patient follow-up.'”'® Parallel to the
ChatGPT-Copilot 0.56 0.59 0.50 . . C s .
growing adoption of Al-based applications in healthcare
Gl s s e — — services, new opportunities have emerged in education to
Gemini-Copilot 0.71 0.74 0.50 support teaching and learning processes for both students and
Gemini-DeepSeek 0.49 0.54 0.50 educators.” In a previous study evaluating the performance
Gl s 0.76 0.79 1.00 of Al-based LLMs in medical education, the system was

reported to achieve near-passing performance on the United
States Medical Licensing Examination (USMLE) without

The accuracy rates of the chatbot models according to the A ) . - i
specialized medical training or additional reinforcement.?

examination years are presented in Figure. Although some

fluctuations in accuracy rates were observed across the years,  All models achieved overall accuracy rates above 80%,

statistical analysis demonstrated that theaccuracyratesdidnot  indicating potential value for examination preparation and

differ significantly according to the examination year (x’=7.1;  information access. Nevertheless, these systems were not

p=0.62). This finding suggests that chatbot performance specifically developed for dental education or clinical decision-

remained consistent throughout the study period. making, and high-test accuracy should not be interpreted as
aeer  equivalent to domain-specific expertise.

Gemini
Copilot

wes Consistent with our findings, previous studies have shown
w00 that LLMs such as ChatGPT can achieve passing-level or
high accuracy rates on medical licensing examinations.”!
LS Recent investigations evaluating examination performance
in various dental disciplines have further demonstrated that
60p AT models can, in many cases, produce results comparable
to human performance and occasionally even outperform
o human participants. These findings indicate that AI models
may be effectively utilized to support educational materials
and examination preparation processes.>*

Accuracy (%)

20¢-

o N W . _ r . However, all chatbot models demonstrated higher accuracy
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 . .
Year for knowledge-based questions than for case-based questions,
Figure. Accuracy rates of chatbot models across DUS examination years indicating that the models performed better on theoretical
(2012-2021) o ; ) : :
DU Tyrkish Dental Speetalty Exarm content than on clinically oriented reasoning. This finding
is consistent with previous studies reporting that, although
LLMs canachieve highlevels of factual accuracy, they may have
DISCUSSION limitations in case interpretation and practice-based decision-
In the present study, the accuracy of the responses generated = making processes.”> No statistically significant differences
by different Al-based LLMs to prosthodontic questions were detected across examination years, suggesting generally
from the DUS was evaluated and compared. The findings stable performance across the evaluated periods.
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Ekici et al.” reported in their evaluation of DUS questions
that Al-based LLMs performed better on knowledge-based
questions, such as those in basic sciences, whereas their
performance was lower on questions requiring not only
factual knowledge but also clinical reasoning, discussion, and
interpretation, such as those in the clinical sciences.

Similarly, Haberal et al.** evaluated the performance of
different Al chatbots using restorative dentistry questions from
the DUS and reported that all models achieved high accuracy
levels. However, no statistically significant differences were
found among the models in terms of overall accuracy rates.
The study also noted a decrease in accuracy, particularly for
complex questions that require clinical interpretation. This
finding supports the view that LLMs may have limitations in
situations requiring clinical decision-making and advanced
reasoning.

The lower accuracy observed in case-based questions suggests
that LLMs may have limitations in multistep decision-making
processes that require clinical reasoning skills. Case-based
questions require not only the recall of factual knowledge
but also the integrated interpretation of clinical findings,
formulation of differential diagnoses, and development
of context-appropriate treatment plans. Previous studies
have reported that LLMs often generate responses through
probabilistic pattern matching based on training data rather
than genuine clinical reasoning, and may demonstrate
limited flexible reasoning, particularly in complex clinical
scenarios. Moreover, these models have been reported to
produce overconfident yet incorrect responses and to exhibit
a tendency toward hallucination during clinical problem-
solving. This may explain the reduced performance observed
in the case-based questions.*

Numerically lower accuracy was observed for implant-
supported prosthodontic questions. Implant dentistryinvolves
multidisciplinary considerations, including prosthetic design,
biomechanical assessment, anatomical risk analysis, and
long-term complication management.”**** However, this
finding should be interpreted cautiously because only four
implant-supported prosthodontic questions were included
in the present study. With such a small denominator, each
response changed the subgroup accuracy estimate by 25
percentage points. Therefore, the observed difference may
reflect sampling variability rather than a robust topic-specific
performance deficit. Larger and more balanced question
sets are required before firm conclusions can be drawn
regarding the performance of LLMs in implant-supported
prosthodontics.

Turan Gokduman et al.”’ evaluated DUS endodontic questions
and reported accuracy rates of 82.8%, 83.6%, and 77.9% for
ChatGPT, Gemini, and Copilot, respectively. No statistically
significant overall difference was found among the models.
In contrast to the present study, Copilot demonstrated a
significantly higher accuracy rate during 2012-2015 than
during the 2016-2021 period. These findings suggest that the
performance of Al models across different dental disciplines
within the DUS may be broadly similar in terms of overall
accuracy, although performance fluctuations may occur
in specific models depending on the examination year and
question structure.

A study evaluating oral radiology questions from the DUS in
Turkiye compared the performance of ChatGPT and Copilot

S

and reported that ChatGPT achieved a markedly higher
accuracy than Copilot. In that study, ChatGPT reached an
accuracy rate of 86.1%, whereas Copilot achieved 41.5%.
This finding suggests that ChatGPT may outperform Copilot
in answering multiple-choice examination questions in
dentistry.*

Diindar Sar1 found no significant difference between
ChatGPT and Gemini in terms of overall accuracy on DUS
questions; however, ChatGPT demonstrated significantly
superior performance in clinical dental sciences. Notably,
its higher accuracy in prosthodontics than that of Gemini
indicates that model performance may vary according to the
dental discipline evaluated.

When these studies are considered collectively, the
discrepancies among their findings may be attributable
to several factors. First, differences in question-set scope,
question type, and sample size used may directly influence
the performance of AI models. In addition, variations in the
dental disciplines examined, differences in model versions and
update timing may also contribute to differences in accuracy
rates. Collectively, these discrepancies may reflect differences
in dental discipline, question-set composition, sample size,
model version, training data, and evaluation timing.*

These findings suggest that LLMs may serve as supportive tools
in dental education, particularly for examination preparation,
rapid access to information, and self-directed learning
processes. The high accuracy rates observed especially in
theoretically oriented questions indicate that LLMs may
contribute to students’ knowledge reinforcement and revision
processes. However, several important limitations related
to reliability and patient safety remain in the clinical and
educational use of LLMs. Previous studies have reported that
LLMs may present non-existent or unverifiable information
in a fluent and convincing manner, which may lead to
erroneous diagnostic or therapeutic guidance, particularly
in clinical settings.*? Evidence from dental education further
indicates that LLMs may generate misinformation, provide
inaccurate or fabricated references, show a limited ability
to interpret visual content, and contribute to excessive
dependence among students.” Therefore, LLM-based systems
may be more appropriately used as complementary support
tools supervised by educators or clinicians rather than as
independent decision-making systems in dental education
and clinical practice.

Although LLM-based AI models can generate correct
answers, they often exhibit limitations in terms of explanatory
depth, reliability of reference support, and clinical reasoning.?
Similar concerns have been raised in studies focusing on
dentistry, reporting that although LLMs may provide some
correct answers to dental questions, their overall performance
may remain limited, their responses may be debatable,
and they may sometimes present incorrect answers with
seemingly convincing reasoning.** Therefore, evaluating Al
performance solely based on accuracy rates may not fully
reflect the educational and clinical reliability of these systems.

Only the first response generated by each model was analyzed,
although LLM outputs may vary across repeated queries. All
questions were presented in Turkish, which may limit cross-
language generalizability.”
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ABSTRACT

Aims: Pulp health is at risk from environmental factors such as caries or trauma. To prevent these risks, the pulp is treated with a
capping material, either directly or indirectly. The aim of this study was to evaluate the antibacterial effects of four different pulp
capping materials against Streptococcus mutans (S. mutans) and Lactobacillus acidophilus (L. acidophilus).

Methods: The antimicrobial activity of four different pulp capping materials (TheraCal LC, Dycal, MTA Angelus, and MTA Cem
LC) and a chlorhexidine control group was assessed using the agar diffusion method at three-time intervals (1, 3, and 5 days).
For each experimental group, twenty samples were prepared and tested against S. mutans (ATCC® 25175) and L. acidophilus
(ATCC® 11975), which served as standard bacterial strains. The obtained data were analyzed using repeated-measures ANOVA
followed by Bonferroni post hoc tests for multiple comparisons.

Results: Based on the overall mean values across all measurement periods, the chlorhexidine control group exhibited the highest
antimicrobial activity against both S. mutans and L. acidophilus. Analyzing the experimental groups, MTA Angelus, TheraCal LC,
and Dycal showed antimicrobial activity against S. mutans. MTA Cem LC demonstrated no discernible antimicrobial activity.
However, TheraCal LC and Dycal demonstrated antimicrobial activity against L. acidophilus. MTA Angelus and MTA Cem LC
exhibited no antimicrobial activity. Statistically significant differences were observed among the groups on all measurement days
(p<0.05).

Conclusion: The antibacterial performance of pulp capping materials was influenced by both material composition and bacterial
species. These findings highlight the importance of considering antibacterial properties alongside biological characteristics
when selecting pulp capping materials.

Keywords: Pulp capping, antibacterial activity, Streptococcus mutans, Lactobacillus acidophilus, mineral trioxide aggregate

INTRODUCTION

Vital pulp therapy aims to preserve the vitality of pulp tissues
compromised by deep carious lesions, restorative procedures,
or traumatic injuries in the absence of pulp necrosis. This
therapeutic approach, commonly referred to as pulp capping,
involves the placement of a biocompatible protective material
over the exposed pulp to promote tertiary dentin formation.!

Accurate assessment of pulp status prior to the capping
procedure is critical for determining treatment prognosis.
Clinical diagnosis is guided by responses to thermal stimuli,
pain on percussion, and radiographic findings.” In vital pulp
therapy, adequate pulp perfusion and periodontal health are
fundamental to preserving pulp vitality. Effective hemorrhage
control, thorough disinfection of the cavity walls, and the
selection of an appropriate capping material are equally
essential for achieving favorable treatment outcomes.’

Pulp capping is indicated in cases of deep carious lesions
or when pulp exposure results from carious progression.
Dental caries arise from the destruction of hard tooth tissues

*Corresponding Author: Savas Sagmak, savassagmak@adiyaman.edu.tr
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by acidogenic bacteria; therefore, reducing bacterial load
and activity is pivotal in arresting carious progression and
protecting the pulp. Streptococcus mutans (S. mutans) and
Lactobacillus acidophilus (L. acidophilus) are the principal
microorganisms implicated in caries development.* S. mutans,
which plays a central role in caries initiation, is recognized
as the predominant cariogenic species in the oral flora.
Its presence across various caries types is attributed to its
acidogenic and aciduric characteristics.” L. acidophilus is a
gram-positive bacterium that metabolizes sugars to produce
lactic acid. Although frequently identified in active carious
lesions, it is not considered a primary initiator of caries due to
its relatively late colonization; nonetheless, it is implicated in
the progression of dentinal caries in advanced stages.®

Vital pulp therapy pursues two principal objectives: arresting
carious progression and preventing its reactivation. This
begins with the elimination of communication between the
carious cavity and the oral environment. Following rubber
dam isolation, infected carious tissue is removed and bacterial
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contamination is reduced. The subsequent restoration should
incorporate antibacterial materials capable of inhibiting
bacterial proliferation and metabolic activity.”

Materials intended for pulp capping must fulfill a range
of essential criteria, including the capacity to stimulate
dentin repair, exert antibacterial effects, promote pulp
healing, demonstrate biocompatibility, and restrict lesion
advancement.® In recent years, the development of novel vital
pulp treatment materials has generated considerable research
interest regarding their antimicrobial properties.

Among the capping materials evaluated in the present
study, Dycal is a calcium hydroxide-based cavity liner with
well-established clinical use. Its principal properties include
acid neutralization, antibacterial activity, stimulation of
secondary dentin formation, radiopacity, and ease of clinical
application.”® TheraCal LC is a resin-modified, light-cured,
calcium silicate-containing pulp capping material suitable for
both direct and indirect pulp capping. It provides a protective
barrier for the pulp and is composed of calcium oxide,
strontium, silica, barium sulfate, calcium silicate, barium
zirconate, Bis-GMA, and polydimethacrylate. Its composition
consists of approximately 45% mineral content, 10%
radiopaque filler, 5% hydrophilic thickener, and 40-45% resin.
TheraCal LC is notable for its sustained release of calcium
ions." MTA Angelus is a mineral trioxide aggregate-based
material whose principal constituents include tricalcium
silicate, tricalcium aluminate, tricalcium oxide, and silicon
oxide. Its indications encompass root canal furcation repair,
management of internal resorption, pulpotomy, and both
direct and indirect pulp capping.? MTA Cem LC is a light-
polymerized, resin-modified, tricalcium = silicate-based
material indicated for use as a protective liner beneath light-
cured base materials and as a co-lining agent in deep cavities
or cases involving pulp exposure.”

Antibacterial activity is assessed through various
methodologies, including disk and well agar diffusion
tests and dilution assays. Among these, the agar diffusion
technique is widely regarded as the method of choice owing to
its cost-effectiveness, technical simplicity, and capacity for the
simultaneous comparison of multiple test materials."

Although the antibacterial properties of several pulp capping
materials have been investigated, limited information is
available regarding newly introduced resin-modified calcium
silicate-based materials. In particular, the antibacterial
activity of MTA Cem LC has not been previously reported.
Therefore, the present study aimed to evaluate the antibacterial
efficacy of four pulp capping materials-TheraCal LC, MTA
Angelus, Dycal, and MTA Cem LC-against S. mutans and L.
acidophilus, two microorganisms actively involved in carious
progression and pulp inflammation. The null hypothesis of
the study was as follows: there is no statistically significant
difference in antibacterial activity against S. mutans and L.
acidophilus among the tested pulp capping materials.

METHODS
Ethics

Since the study was conducted exclusively under laboratory
conditions using previously available bacterial strains, Ethics
Committee approval was not required in accordance with
the applicable institutional and national regulations. All

S

procedures were carried out in accordance with the ethical
rules and the principles.

The present study is an in vitro microbiological laboratory
study. The bacterial strains used in this research were obtained
from the laboratory collection of the Public Health Institution
of Turkiye. No human participants, patient samples, clinical
specimens, personal data, or animal subjects were involved in

the study.

Study Design

This study has been completed at the Faculty of Dentistry,
Adiyaman University. The laboratory phase of the study was
completed over a three-month period. The aim of the study
was to evaluate the antibacterial activity of four experimental
groups and one control group against S. mutans (ATCC
25175) and L. acidophilus (ATCC' 11975) on days 1, 3, and 5.

Preparation of Samples

An a priori power analysis was conducted using G*Power
3.1.9.7 for a repeated-measures ANOVA (within-between
interaction). Based on a large effect size [f(V)=0.50], a=0.05,
and 95% power, the minimum required sample size was 50
specimens. Accordingly, 50 specimens were analyzed for S.
mutans and 50 for L. acidophilus (n=10 per group), resulting
in a total of 100 specimens. For each experimental group,
twenty specimens measuring 4 mm in depth and 7 mm in
diameter were fabricated using cylindrical plastic molds
(Table 1). Specimens in groups 1 and 4 were polymerized
using a blue light-emitting LED for the durations specified
by the manufacturers. In contrast, specimens in groups 2
and 3 were prepared by manual mixing on a glass slab with
a metal spatula and subsequently placed into the molds. All
samples were covered with a mylar strip and glass coverslips
and allowed to set at 25°C. All procedures during sample
preparation were performed under sterile conditions using
sterile instruments, and the specimens were aseptically
placed onto the appropriate culture media without risk of
contamination.

Table 1. Experimental groups, manufacturers and material contents

Material Manufacturer Components LOT number
Light-curing single paste: Resin
(Bis-GMA and PEGD) modified
TheraCal  Bisco Langon calcium silicate, filled with CaO,
De Provence,  calcium silicate particles (type 2300110466
France III Portland cement), Sr glass,
fumed silica, barium sulfate, and
barium zirconate
Two-paste system made of a
base paste (1,3-butylene glycol
disalicylate, zinc oxide, calcium
Dentsply phosphate, calcium tungstate,
Tulsa Dental, and iron oxide pigments)
Dyeal Johnson City,  and a catalyst pasrieg(calcium PREl
TN, USA  hydroxide, N-ethyl-o/p-toluene
sulphonamide, zinc oxide,
titanium oxide, zinc stearate,
and iron oxide pigments)
Powder: tri-calcium silicate,
Angelus di-calcium silicate, tri-calcium
MTA L % P aluminate, ferroaluminate, tri-
Angelus ondria,  alcium, calcium oxide, bismuth LNP2ZE)
& Brazil > - >
oxide
Liquid: distilled water
MTA Cem  GC, Tokyo, BisGMA, CaO, silica, barium [~y 10714

LC Japan sulphate (BaSO4)

LC: Light-cured, Bis-GMA: Bisphenol A-glycidyl methacrylate, PEGD: Polyethylene glycol

dimethacrylate, CaO: Calcium oxide, Sr: Strontium, BaSO,: Barium sulfate
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Materials tested:

e Group 1: TheraCal LC

o Group 2: Dycal

«  Group 3: MTA Angelus

o Group 4: MTA Cem LC

o Group 5 (Control): Chlorhexidine (2%, BEST, Turkiye)

Assessment of Antibacterial Activity

For each experimental group, a total of 20 samples were
prepared, including 10 samples (n=10) inoculated with S.
mutans (ATCC® 25175) and 10 samples (n=10) inoculated
with L. acidophilus (ATCC® 11975) standard bacterial
isolates."" For the agar diffusion test, sheep blood agar (SBA)
(ThermoScientific Oxford, UK) and MRS (Man, Ragosa &
Sharpe) media were used. Lyophilized S. mutans (ATCC®
25175) and L. acidophilus (ATCC® 11975) strains were
cultured in appropriate growth media and incubated at
37°C under CO,-enriched conditions. Following incubation,
bacterial suspensions were prepared in physiological saline
and adjusted to a 0.5 McFarland turbidity standard (1.5x10°
CFU/ml). A 100 pL aliquot of the standardized suspension
was uniformly spread onto the surface of agar plates using
sterile cotton swabs. Wells measuring 7 mm in diameter were
created in the agar plates using the blunt end of a micropipette
tip, and the wells were completely filled with the test materials
(Figure 1, 2).

F ?i ¥

MTA Angelus

7

Theracal LC

MTA Cem LC

—
— -

Figure 1. Inhibition zone diameters against S. mutans on the 1* day

S. mutans: Streptococcus mutans, MTA: Mineral trioxide aggregate, LC: Light-cured, CEM: Calcium-
enriched mixture

TheraCal LC

. MTA Angelus

MTA Cem LC

-

Dycal

Figure 2. Inhibition zone diameters against L. acidophilus on the 1% day
L. acidophilus: Lactobacillus acidophilus, LC: Light-cured, MTA: Mineral trioxide aggregate, CEM:
Calcium-enriched mixture

Statistical Analysis

All data analysis of the data obtained in this study was
performed using SPSS version 28.0 (IBM Corp., Armonk, NY,
USA). The normality of data distribution wasassessed using the
Shapiro-Wilk test. Results were expressed as meantstandard
deviation (SD). Changes over time were evaluated using
repeated measures analysis of variance (repeated measures
ANOVA). Bonferroni post hoc tests were used for multiple
comparisons. p<0.05 was considered significant.

RESULTS

The antibacterial activity of the tested pulp capping materials
against S. mutans is presented in Figure 3. When the mean
values of the three measurement periods were evaluated,
the chlorhexidine-treated control group demonstrated the
highest antimicrobial activity against S. mutans. Among the
experimental materials, MTA Angelus showed the greatest
antibacterial effect, followed by TheraCal LC and Dycal,
respectively. A reduction in antimicrobial effectiveness was
observed in subsequent measurements for these groups.
In contrast, MTA Cem LC did not exhibit any detectable
antimicrobial activity. Statistically significant differences
among the groups were identified on all measurement days

(p<0.05) (Table 2).
CONT

MTA ANGELUS NTROL
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MDayl mDay3

o
W
— =
—
- =
= ~ o~
III

THERACALLC DYCAL MTA CEM LC
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H g
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Figure 3. Graphical representation of the effectiveness obtained from the
experimental groups against S. mutans

S. mutans: Streptococcus mutans, MTA: Mineral trioxide aggregate, CEM: Calcium-enriched mixture,
LC: Light-cured

Table 2. Antimicrobial activity values against S. mutans

Groups Day 1 Day 3 Day 5 Mean/SD

TheraCal LC 17.90£0.73¢  13.10+0.99° 8.40+0.69° 13.13£1.33¢
Dycal 15.30+1.15¢ 13.40+1.34° 8.70+0.94° 12.47+0.74¢
MTA Angelus 18.80+1.03% 17.20+0.63° 15.90+0.73> 17.30+0.74°
MTA Cem LC 7.00£0.00¢  7.00+£0.00¢  7.00+0.00¢  7.00+0.00¢
Chlorhexidine 24.33+0.37¢  23.62+0.42* 22.72+0.66° 23.60+0.437

Values are presented as mean+SD. Different superscript letters indicate statistically significant
differences between groups according to Bonferroni post hoc comparisons (p<0.05). S. mutans:

Streptococcus mutans, SD: Standard deviation, LC: Light-cured, MTA: Mineral trioxide aggregate,
CEM: Calcium-enriched mixture

The data obtained from the experimental groups against L.
acidophilus are presented in Figure 4. Based on the mean
values obtained from three measurement periods, the
chlorhexidine-treated control group exhibited the highest
antimicrobial activity against L. acidophilus. Among the
experimental materials, TheraCal LC and Dycal demonstrated
antibacterial effects following the control group; however,
a reduction in their efficacy was observed in subsequent
measurements. In contrast, neither MTA Angelus nor MTA
Cem LC showed any detectable antimicrobial activity against
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L. acidophilus. Statistically significant differences among all
groups were identified at each measurement interval (p<0.05)
(Table 3).

n
<
<

THERACAL LC

L. ACIDOPHILUS

mDayl WDay3 mDay5

3
119,76
118,97
16,92

8

13,1
1

3o

III III

MTA CEM LC MTA ANGELUS

—

DYCAL

I 1 6,3
I 13

ANTIBACTERIALEFFECT ZONE (MM)

CONTROL

Figure 4. Graphical representation of the data obtained from the experimental
groups against L. acidophilus

L. acidophilus: Lactobacillus acidophilus, MTA: Mineral trioxide aggregate, CEM: Calcium-enriched
mixture, LC: Light-cured

Table 3. Antimicrobial activity values against L. acidophilus

Groups Day 1 Day 3 Day 5 Mean/SD

TheraCal LC 16.30+0.67° 14.50+0.53> 13.10+0.57° 14.63+0.43°
Dycal 13.30+0.95° 11.80+0.92°  8.90+1.20°  11.33+0.90°
MTA Angelus 7.00+0.00¢  7.00£0.00¢  7.00+0.00¢  7.00+0.00¢
MTA Cem LC 7.00+0.00¢  7.00+0.00¢ 7.00+0.00¢  7.00+0.00¢
Chlorhexidine 19.76+0.85* 18.87+0.55* 16.92+1.40° 18.86+0.79

Values are presented as mean+SD. Different superscript letters indicate statistically significant
differences between groups according to Bonferroni post hoc comparisons (p<0.05). L. acidophilus:

Lactobacillus acidophilus, SD: Standard deviation, LC: Light-cured, MTA: Mineral trioxide aggregate

DISCUSSION

Microorganisms play a central role in the etiology of
dental caries. The dominant bacteria and their metabolic
byproducts in deep dentinal caries that have reached the pulp
pose a direct threat to pulp health. Preserving pulp vitality
therefore requires the use of a biocompatible material with
proven antibacterial properties.”” Accordingly, S. mutans the
predominant species in enamel caries and L. acidophilus the
dominant species in dentinal caries were selected as the test
microorganisms in this study.

The agar disk diffusion method is widely employed in
dental research owing to its technical simplicity and cost-
effectiveness; however, arecognizedlimitation of this approach
is its inability to characterize the specific mechanisms or
temporal dynamics of the antimicrobial effect."

Pulp exposure may arise as a complication of prosthetic
treatment, trauma, or carious progression. The primary
objective of vital pulp therapy is to preserve the health of the
pulp tissue. Both direct and indirect pulp capping protect pulp
vitality by establishing a biological barrier against thermal,
chemical, and microbial insults.'® The essential function of
a capping material is to shield the exposed pulp and sustain
its vitality through the stimulation of reparative dentin
formation. Calcium hydroxide, a cornerstone of vital pulp
therapy, induces a superficial necrotic zone on the exposed
pulp surface, thereby triggering hard tissue deposition
through repair mechanisms. Simultaneously, calcium
hydroxide applied over a thin residual dentin layer undergoes
dissolution, facilitating the release of growth factors from
the pulp.” In addition to organic solvent- or water-based

suspensions and calcium salicylate-based paste formulations
such as Dycal, resin monomer-based calcium hydroxide
preparations are also available. Beyond these conventional
materials, contemporary bioactive pulp capping agents have
been developed. Bioactive materials are defined as therapeutic
agents designed to initiate biomineralization while inherently
possessing antibacterial properties.'® Tricalcium silicate-
based materials such as MTA and Biodentine do not contain
calcium oxide in their composition; however, calcium
hydroxide is generated upon contact with tissue fluids."” In the
present study, four widely used pulp capping materials were
evaluated; TheraCal LC, Dycal, MTA Angelus,and MTA Cem
LC.

TheraCal LC is a light-cured, resin-modified, calcium
silicate-based pulp capping material. The release of hydroxyl
ions (OH") from TheraCal LC establishes a highly alkaline
environment with bactericidal properties.® Poggio et al.”!
assessed the antibacterial effects of six pulp capping materials-
Dycal, Calcicur, Calcimol LC, TheraCal LC, MTA Angelus,
and Biodentine-against three streptococcal species and
reported that TheraCal LC demonstrated antibacterial activity
against S. mutans. Similarly, Fathy et al.?? investigated the
antimicrobial effects of Biodentine and TheraCal LC against S.
mutans and found that, although Biodentine exhibited greater
antibacterial efficacy, the difference between the two materials
was not statistically significant. Our findings are consistent
with previous reports demonstrating the antibacterial activity
of TheraCal LC against S. mutans.

Gandolfi et al.”’ reported that TheraCal LC releases higher
levels of calcium than ProRoot MTA and Dycal, yet displays
considerably lower solubility, while the pH of TheraCal LC was
comparable to that of ProRoot MTA. Overall, TheraCal LC
has been shown to exhibit antibacterial activity comparable
to that of calcium hydroxide and calcium silicate-based
materials.”!

Dycal is a calcium hydroxide-based material used for both
direct and indirect pulp capping that sets via a chemical
reaction. Upon dissolution in water, it dissociates into calcium
and hydroxyl ions. The resulting alkaline environment disrupts
bacterial cell wall integrity and induces protein denaturation,
thereby conferring antibacterial properties.'” Moradi et al.,**
in a comparative study involving Fuji II LC glass ionomer,
Dycal, Calcimol LC, TheraCal LC, and ACTIVA BioACTIVE,
reported that Dycal exhibited the highest antimicrobial
activity among all tested groups.

The elevated pH of MTA results from the sustained release
of calcium ions and the subsequent formation of calcium
hydroxide. This high alkalinity, combined with significant
ion release, underlies the antibacterial properties attributed
to MTA.” While MTA has demonstrated efficacy against
certain facultative bacteria, it has been shown to be ineffective
against anaerobic species. Kim et al.*® found that MTA
Angelus exhibited greater antibacterial activity against S.
mutans compared to two other mineral trioxide aggregate
formulations, Endocem MTA and ProRoot MTA.

Elshamy et al.*® compared the antimicrobial properties of
MTA, Dycal, and bioceramic materials against S. mutans and
L. acidophilus using an agar diffusion test, and determined
that MTA exhibited the highest level of antimicrobial activity.
The authors attributed this finding to the strong correlation
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between MTA’s elevated pH and its pronounced antibacterial
properties.

MTA Cem LC is a recently introduced light-cured, resin-
modified, tricalcium silicate-based material indicated for
directandindirect pulp cappingas well as for use asa protective
base or liner beneath composite restorations, amalgams,
cements, and other restorative base materials. To date, no
studies evaluating the antibacterial efficacy of this material
have been reported in the literature. In the present study,
MTA Cem LC did not demonstrate any inhibitory effect on the
tested bacteria. This may be attributed to the reduction in ion
release associated with its resin content, which likely impairs
the degree of pH elevation and consequently diminishes its
antimicrobial potential. The absence of published data on
this material underscores the need for further investigation.
Considering its resin-modified formulation, future studies
should evaluate not only its antibacterial activity but
also calcium ion release, alkalinity, and bioactivity using
complementary in vitro and in vivo models.

Bakir et al.”” reported that MTA demonstrated antibacterial
activity against S. mutans, L. acidophilus and Enterococcus
faecalis (E. faecalis). Zarrabi et al.®® similarly reported
antibacterial activity of MTA against E. faecalis and S. mutans.

Poggio et al.”’ conducted a comparative analysis of the
antibacterial activity of six pulp dressing materials against
Streptococcus salivarius, S. sanguis, and S. mutans. Among the
materials tested, MTA Angelus, Calcicur, Dycal, and TheraCal
LC demonstrated inhibitory activity against S. mutans, with
MTA Angelus producing the most pronounced effect, followed
by TheraCal LC, Dycal, and Calcicur, in descending order.
Biodentine and Calcimol LC did not exhibit any measurable
antimicrobial activity.?” The findings of the present study are
in agreement with these results; MTA Angelus was the most
effective material against S. mutans, followed by TheraCal
LC and Dycal, respectively. MTA Cem LC, however, did not
demonstrate any antimicrobial effect.

The antibacterial activity of pulp capping materials may be
considered a relevant factor in the clinical decision-making
process during vital pulp therapy. Although the success of vital
pulp therapy is primarily associated with the preservation of
pulp vitality and the induction of reparative dentin formation,
the presence of residual microorganisms following caries
removal remains a potential challenge. Therefore, materials
exhibiting antibacterial properties may provide a biological
advantage by limiting bacterial activity at the pulp-dentin
interface and supporting a more favorable environment for
pulpal healing."” However, the clinical performance of pulp
capping materials is determined by a combination of factors,
and antibacterial activity should be evaluated together with
other important characteristics, such as biocompatibility,
bioactivity, sealing ability, and mechanical properties.*’

Limitations

This study has several limitations. First, the antibacterial
activity of the tested materials was evaluated only under in
vitro conditions using the agar diffusion method, which may
not fully reflect the complex biological environment of the
oral cavity. Moreover, this method primarily evaluates the
inhibitory effect of materials and may be influenced by their
diffusion properties within the agar medium. Second, only
two cariogenic bacterial species were investigated, whereas

clinical dental caries is associated with a more diverse
microbial community. In addition, the present study focused
on antibacterial activity and did not evaluate other biological
properties of the materials, such as biocompatibility,
bioactivity, or long-term interaction with pulp tissues.
Therefore, further in vivo and long-term clinical studies
involving broader microbial models and comprehensive
biological evaluations are needed to confirm the clinical
relevance of the present findings.

CONCLUSION

Within the limitations of this in vitro study, the antibacterial
activity of pulp capping materials was found to vary according
to both the material composition and the bacterial species
tested. While MTA Angelus, TheraCal LC, and Dycal exhibited
antibacterial activity against S. mutans, only TheraCal LC
and Dycal demonstrated activity against L. acidophilus. In
contrast, MTA Cem LC showed no detectable antibacterial
effect against either bacterial species under the experimental
conditions. These findings suggest that the antimicrobial
performance of pulp capping materials may be influenced by
their composition and should be considered alongside their
biological and physicochemical properties when selecting a
material for vital pulp therapy. Further well-designed in vivo
and long-term clinical studies are required to confirm the
clinical relevance of these findings.
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ABSTRACT

Aims: To investigate undergraduate and graduate dentistry students’ perceptions of distance education (DE), learning
preferences, and anxiety levels during the early phase of the COVID-19 pandemic, and to compare these outcomes according
to academic level.

Methods: A multicenter cross-sectional study was conducted between March and June 2020 using a 44-item questionnaire
organized into five domains. Anxiety was assessed using the Brazilian Portuguese version of the State-Trait Anxiety Inventory
Short Form (STAI-S-6). Comparisons between undergraduate and graduate students were performed using Chi-square tests,
independent samples t-tests, and one-way analysis of variance, adopting a significance level of 5%.

Results: A total of 293 students participated (150 undergraduates and 143 graduate students). Undergraduate students were
significantly younger and more frequently belonged to lower socioeconomic strata (p<0.001). Female students, undergraduates,
and participants from intermediate-to-lower socioeconomic strata (particularly class C1 according to the Brazilian Economic
Classification Criteria) exhibited higher anxiety levels (p<0.05). A weak negative correlation was observed between age and
anxiety scores (r=-0.125; p=0.032). Significant differences between groups were observed regarding perceptions of DE, learning
preferences, academic performance, and the perceived relationship between DE and anxiety (p<0.001). Students reporting
extremely negative effects of DE on academic performance and those perceiving that DE greatly increased anxiety presented the
highest STAI-S-6 scores (p<0.001).

Conclusion: These findings suggest that dentistry students experienced considerable psychological burden during the early
phase of the COVID-19 pandemic. Undergraduate students appeared to report greater difficulties adapting to DE and higher
anxiety levels than graduate students. The results may indicate the importance of mental-health-centered educational strategies
and equitable access to digital resources to support students during periods of educational disruption.

Keywords: Dentistry, perception, distance education, COVID-19, anxiety

INTRODUCTION

The COVID-19 pandemic abruptly disrupted higher education
worldwide, compelling institutions to adopt emergency
distance education (DE) with little time for pedagogical
restructuring.! This sudden transition reshaped academic
routines and affected students’ psychological well-being,?
with meta-analytic evidence indicating a high prevalence
of anxiety, depression, and stress among students receiving
DE during this period.** Although vaccination campaigns
and the return to face-to-face activities have occurred, more
recent studies have described educational and psychological
challenges associated with remote and hybrid learning
environments. These observations are presented only to
provide context for understanding the experiences reported
during the early stages of the COVID-19 pandemic.>>**

In dentistry, these challenges were amplified by the central role
of clinical and preclinical training.” The sudden interruption

of laboratory and clinical activities, concerns regarding
infection, and uncertainty about academic progression were
associated with emotional distress among dental students.>*”
A recent meta-analysis estimated that nearly one-third of
dental students experienced anxiety symptoms during the
pandemic,® illustrating the magnitude of the psychological
burden observed in this population.

Early studies conducted during the first waves of COVID-19
reported higher levels of anxiety, stress, and depressive
symptoms, particularly among younger students, female, and
those experiencing difficulties adapting to DE."” More recent
investigations have described similar findings, indicating
that DE, social isolation, and reduced clinical exposure
were associated with less favorable emotional outcomes.'"
Although more recent studies have documented persistent
academic fatigue and anxiety associated with remote and
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hybrid learning environments, these observations are
presented only to contextualize findings obtained during the
early phase of the COVID-19 pandemic.""*"

Perceptions of impaired academic performance, lower content
quality, and greater difficulty maintaining concentration
appear to be particularly relevant, yet their relationship with
validated anxiety measures remains insufficiently explored.
To assess psychological impact with methodological rigor,
the State-Trait Anxiety Inventory (STAI) remains one of the
most frequently used instruments worldwide,” including in
educational and clinical settings. The Brazilian short-form
version of the state scale (STAI-S-6) demonstrates robust
validity and reliability and is suitable for large online surveys
requiring efficient and low-burden assessment of anxiety
symptoms.'

Despite the growing body of literature examining the
educational and psychological consequences of the COVID-19
pandemic, relatively few studies have directly compared
undergraduate and graduate dentistry students. Because these
groups differ in age, academic responsibilities, professional
expectations, and levels of autonomy, they may have
experienced emergency DE differently during the early phase
of the pandemic. Moreover, most previous investigations
have focused primarily on undergraduate students, with
limited information regarding possible differences in
learning preferences, perceptions of DE, and anxiety levels
between academic stages. A better understanding of these
differences may provide valuable insights for the development
of more resilient, equitable, and student-centered educational
strategies.

Therefore, the aim of this multicenter cross-sectional study
was to investigate learning preferences, perceptions of DE,
and state anxiety (STAI-S-6) among undergraduate and
graduate dentistry students during the early phase of the
COVID-19 pandemic, and to compare these outcomes
according to academic level. In addition, the associations
between sociodemographic characteristics, DE experiences,
and anxiety scores were explored. It was hypothesized that
undergraduate and graduate students would differ in their
perceptions of DE and anxiety profiles.

METHODS
Ethics

The study protocol was approved by the This study was
approved by the Universitario Pedro Ernesto Ethics
Committee (Date: 17.05.2020, Decision No: 4.029.405, CAAE
No: 30637420.3.0000.0008), and all participants provided
electronicinformed consent before enrollment. All procedures
were carried out in accordance with the ethical rules and the
principles of the Declaration of Helsinki.

Study Design

This cross-sectional observational study was designed and
reported in accordance with the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology)
guidelines” for cross-sectional studies and adhered
to the CHERRIES (Checklist for Reporting Results of
Internet E-Surveys)'® criteria to ensure transparency and
methodological rigor during online data collection.

This multicenter cross-sectional study was conducted
between March and June 2020, during the early phase of the

S

COVID-19 pandemic, using a 44-item online questionnaire
organized into five domains.

Participants, Eligibility Criteria, and Recruitment

Participants included undergraduate and graduate dentistry
students enrolled in multiple dental schools in Brazil during
the period of emergency DE. Recruitment was conducted
through institutional communication channels, including
e-mail, WhatsApp Messenger, and Facebook academic
groups, in order to maximize geographic and institutional
representation. Eligibility criteria included current enrollment
in undergraduate or graduate dental programs and voluntary
agreement to participate in the study. Questionnaires with
incomplete responses were excluded from the analysis.

Survey Administration and Structure

Data were collected using a self-administered questionnaire
created in Google Forms and organized into five domains: (1)
demographic and socioeconomic characteristics; (2) social
isolation and concerns related to the COVID-19 pandemic; (3)
preferences regarding distance education; (4) perceptions of
the impact of DE on academic performance and anxiety; and
(5) psychological assessment using the Brazilian Portuguese
version of the State-Trait Anxiety Inventory Short Form
(STAI-S-6) (Table 1).¢

To prevent duplicate submissions and ensure the integrity
of the dataset, participants were required to sign in to a
Google account before accessing the survey. This verification
procedure was used exclusively to restrict responses to one
submission per participant and did not allow investigators to
identify respondents. No personally identifiable information
was collected, and all responses were analyzed anonymously.
Access to the database was restricted to the research team and
protected by password-secured files, ensuring confidentiality
and compliance with ethical standards. Socioeconomic
status was classified according to the Brazilian Economic
Classification Criteria (ABEP), which categorizes households
into strata ranging from A (highest) to E (lowest) based on
household assets and educational level.

Ancxiety Assessment

Psychological assessment was performed using the validated
Brazilian Portuguese version of the STAI-S-6, which consists
of six items derived from the original 20-item state anxiety
scale.16 Responses were recorded on a four-point Likert scale
ranging from 1 (“not at all”) to 4 (“very much”). Positively
worded items were reverse scored, and the resulting raw scores
were converted to the standardized STAI metric according to
the procedure proposed by Fioravanti-Bastos et al.® Higher
scores corresponded to higher levels of state anxiety.

Sample Size Calculation

Sample size calculations were performed using G*Power
software (version 3.1; Heinrich-Heine University, Diisseldorf,
Germany). Sample size estimation was based on detecting a
clinically meaningful difference in STAI-S-6 anxiety scores
between undergraduate and graduate students. Preliminary
estimates of variability were obtained from a pilot study
conducted with dentistry students, which yielded standard
deviations of 11.41 and 7.97 for undergraduate and graduate
students, respectively. A minimum difference of 6.67 points
was derived from the distribution of pilot scores and was
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Table 1. Schematic representation of the questions included in the online questionnaire to collect information on undergraduate and graduate dentistry

students
Section 1. Sociodemographic data (10 questions)
Questions about your personal life, status and academic degree
QIl. Gender: () Male () Female
Q2. How old are you?
Q3. What race do you declare yourself? () White () Black () Brown () Yellow ( ) Indigenous
Q4. Which religion do you stand for? (') Catholic () Protestant ( ) Spiritism ( ) Jewish () Buddhist () No religion to state
Q5. What is your civil status? () Single () Married () Divorced () Widower
Q6. Mark the Brazilian region you currently live in: () North () Northeast () Southeast () Midwest ( ) South
Q7. How many people currently live in the household with you? () None () 1 ()2 ()3 ()4 or more
Q8. Where are you taking virtual dentistry classes? () Graduation ( ) Postgraduate courses
Q9. Which educational institution are you attending? () Public () Private
Q10. What is your highest academic degree reached? () Complete high school () Graduate () Specialist () Masters () Doctorate
Section 2. Socioeconomic criteria (15 questions)
Questions about items in the household that you currently live for economic classification. All items of electronics that are listed below must be working,
including those that are stored. If they are not working, consider only if you intend to repair or replace them within the next 6 months
Q11. Number of passenger cars exclusively for private use: () None () 1 ()2 ()3 ()4 or more
Q12. Number of monthly employees, considering only those who work at least 5 days a week: () None () 1 ()2 ()3 ()4 or more
Q13. Number of washing machines, excluding six pack: () None () 1 ()2 () 3 () 4 or more
Q14. Number of bathrooms: () None () 1 ()2 () 3 () 4 or more
Q15. Quantity of DVD, including any device that reads DVD and disregards car DVD: () None () 1 ()2 () 3 () 4 or more
Q16. Number of refrigerators: () None () 1 ()2 ()3 () 4 or more
Q17. Number of independent freezers or part of duplex refrigerator: () None () 1 ()2 ()3 ()4 or more
Q18. Number of microcomputers, considering desktop computers, laptops, notebooks and netbooks, disregarding tablets, palms or smartphones
()None ()1()2()3()4ormore
Q19. Quantity of dishwasher: () None () 1 ()2 ()3 ()4 or more
Q20. Quantity of microwave oven: () None () 1 ()2 ()3 ()4 or more
Q21. Number of motorcycles, excluding those used exclusively for professional use: () None () 1 ()2 () 3 () 4 or more
Q22. Number of clothes drying machines, considering lava and drought: () None () 1 ()2 () 3 () 4 or more
Q23. The water used at home comes from: () General distribution network () Well or spring () Other source
Q24. Considering the street segment of your household, you would say that the street is: () None () 1 ()2 () 3 () 4 or more
Q25. How educated is the head of the family? Consider as the head of the household the person who contributes most of the household income in question
() Illiterate/elementary 1 incomplete () Elementary 1 completed/elementary 2 incomplete () Completed elementary/high school incomplete () Completed
high school/incomplete higher education () Completed higher education
Section 3. Work relationships (2 questions)
For each question, the participant can only choose one option
Q26. What is your main concern regarding the coronavirus pandemic?
() Professional instability, the chance of unemployment ( ) Economic crisis in the country () Contagion () Food () Education
Q27. How are you respecting the quarantine during social isolation?
() I do not leave home for nothing () I am staying home as much as possible (going out only to buy food/medicine) () I am going out as usual
Section 4. Methods of distance education (11 questions)
For each question, the participant can only choose one option
Q28. During COVID-19 pandemic, what is your frequency of virtual lessons? () Always () Many times () Sometimes () Rarely () Never
Q29. Which of the following options would be your preferred distance education modality?
() Video lessons recorded and available for me to watch for as long as I want, without the possibility of asking questions
() Video lessons recorded and available for me to watch for as long as I want, with the possibility of taking questions by e-mail
() Unrecorded video lessons, only with the teacher’s virtual presence, without sharing slides on the screen, without the student’s face screen and without the
possibility of asking questions.
() Video lessons not recorded, with virtual presence of the teacher, with slide sharing on the screen, with the screen of the student’s face and with the
possibility of asking questions
() Unrecorded video lessons, without the teacher’s virtual presence, only with his live voice, with sharing slides on the screen, without the screen of the
student’s face and with the possibility of answering questions.
Q30. Did you have difficulty attending online classes?
() No difficulty () Low difficulty () Average difficulty () A lot of difficulty () Extreme difficulty
Q31. What was the biggest difficulty encountered when attending classes online?
() Not applicable (as theoretically reported having no difficulty in the previous question) ( ) Impaired Wi-Fi connection ( ) How to make questions
() Lack of interaction between student and teacher () I can’t focus () Platform adaptation
Q32. What would be your suggestion for improving distance learning methods?
() Standardization and organization of content with creation of schedules and goals to develop student autonomy
() Improve dynamics, have a summary at the end of the class, provide complementary material such as PDF documents and exercises
() Availability to answer questions with an online tutor
(') Video storage lessons so I can watch as many times as I want
() Improving the stability of videoconferencing platforms
Q33. Regarding the online class hours, what time do you define as ideal for one lesson? () 15 minutes ( ) 30 minutes ( ) 45 minutes () 1 hour () More than 1 hour
Q34. What is your class modality of preference? () Online class () Face-to-face class
Q35. Mark the option that justifies the chosen preference: () More organized content ( ) Practicality in answering questions () Greater interactivity between
student and teacher () I stay more concentrated () I am used to it
Q36. Video lessons require the student to look at the computer screen for a long period of time. How do you think it affects your performance during distance
education? () Affects extremely negatively () Affects negatively () Does not affect () Affects positively () Affects extremely positively
Q37. Regarding the content of the course, how do you evaluate online classes?
() Very limited (') Limits a little () No effect () Covers a little () Completely covers
Q38. To what extent do you believe that distance learning activities affect students” anxiety levels?
(') Increases a lot () Increases a little () Does not affect () Reduces a little () Reduces a lot
Section 5. Psychological assessment (6 questions)
Your personal self-assessment regarding the CURRENT moment. Please select one of the numbers 1, 2, 3 or 4 to indicate how you feel NOW. There are
no right or wrong answers. Do not spend too much time on any of the statements. Try to mark an answer that comes closest to how you feel IN THIS
MOMENT. For each question, the participant can only choose one option
Q39.1 feel calm: () 1=not at all () 2=somewhat ( ) 3=moderately ( ) 4=very much
Q40. T'am tense: () 1=not at all () 2=somewhat ( ) 3=moderately ( ) 4=very much
Q41.1 feel at easy: () 1=not at all ( ) 2=somewhat ( ) 3=moderately ( ) 4=very much
Q42. I feel nervous: () 1=not at all () 2=somewhat ( ) 3=moderately () 4=very much
Q43. 1 am relaxed: () 1=not at all () 2=somewhat ( ) 3=moderately () 4=very much
Q44.Tam worried: () 1=not at all () 2=somewhat ( ) 3=moderately () 4=very much

Q: Question, COVID-19: Coronavirus disease 2019, Wi-Fi: Wireless fidelity, PDF: Portable document format, DVD: Digital versatile disc, Al: Artificial Intelligence, STAI: State-Trait Anxiety Inventory
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considered clinically meaningful. Assuming a two-sided
significance level of 5% and a statistical power of 90%,
intentionally chosen to reduce the probability of type II error,
a minimum sample of 92 participants (46 per group) was
required. The corresponding expected standardized effect size
(Cohen’s d) was approximately 0.68, indicating a moderate-
to-large effect.?’

Statistical Analysis

All data analyses were performed using SPSS software (IBM
SPSS Statistics, version 21.1; IBM Corp., Armonk, NY, USA).
Descriptive statistics were calculated for all variables. Data
distribution was assessed using the Shapiro-Wilk test.

Comparisons between undergraduate and graduate students
were performed using independent samples t-tests for
continuous variables and Chi-square tests for categorical
variables. One-way analysis of variance (ANOVA) was
used to compare mean STAI-S-6 scores across categories
containing more than two groups. When appropriate, post
hoc comparisons were performed, and statistically significant
differences between groups were indicated by superscript
letters in the tables.

Pearson’s correlation coefficient was used to evaluate the
association between age and STAI-S-6 scores. Correlation
coefficients were interpreted according to conventional
thresholds, with values below 0.30 considered weak, between
0.30 and 0.50 moderate, and above 0.50 strong. Statistical
significance was established at p<0.05.

RESULTS

Sample Characterization

A total of 293 dentistry students completed the survey,
including 150 undergraduate and 143 graduate students. The
mean age of participants was 26.5 years, with undergraduate
students being significantly younger than graduate students
(22.0£3.4 vs. 31.0+74 years; p<0.001; Cohen’s d=1.58).
Most respondents were female (82.9%), enrolled in public
institutions (67.6%), and belonged to economic classes A
or B (78.9%) according to ABEP criteria. The STAI-S-6
demonstrated satisfactory internal consistency in the present
sample, with a Cronbach’s alpha coefficient of 0.82. A weak
but statistically significant negative correlation was observed
between age and STAI-S-6 scores (r=-0.125; p=0.032) (Figure
1). Significant differences between undergraduate and
graduate students were observed across several demographic
and socioeconomic variables (Table 2).

STAI-S-6 score
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Figure 1. Scatter plot showing the correlation between age and STAI-S-6
anxiety scores among dentistry students. The fitted regression line illustrates
the weak negative association identified (r=-0.125; p=0.032)

STAI-S-6: State-Trait Anxiety Inventory-State 6-item short form

S

Table 2. Profile and between-group comparison of demographic,

socioeconomic, and academic variables in the study sample

Groups
Total Undergraduate  Graduate
(n=293)n (%) (0=150)n (%) (0=143)n(%) p*
Gender
Female 243 (82.9) 124 (82.7) 119 (83.2) >0.999
Male 50 (17.1) 26 (17.3) 24 (16.8)
Race
White 193 (65.9) 86 (57.3) 107 (74.8)  0.002
Black 22 (7.5) 18 (12) 4(2.8)
Brown 74 (25.3) 43 (28.7) 31 (21.7)
Others 4(1.4) 3(2) 1(0.7)
Religion
Catholic 129 (44.3) 51 (34.5) 78 (54.5) 0.014
Protestant 51 (17.5) 31 (20.9) 20 (14)
Spiritism 21(7.2) 11 (7.4) 10 (7)
Buddhist 3(1) 2(1.4) 1(0.7)
No religion to state 87 (29.9) 53 (35.8) 34 (23.8)
Civil status
Single 231 (78.8) 144 (96) 87(60.8)  <0.001
Married 57 (19.5) 6 (4) 51 (35.7)
Divorced 5(1.7) 0 (0) 5(3.5)
Brazilian region
North 18 (6.1) 7 (4.7) 11 (7.7) 0.066
Northeast 49 (16.7) 33 (22) 16 (11.2)
Southeast 209 (71.3) 103 (68.7) 106 (74.1)
South 17 (5.8) 7 (4.7) 10 (7)
Number of people currently living in the household
None 18 (6.1) 5(3.3) 13 (9.1) 0.002
1 49 (16.7) 15 (10) 34 (23.8)
2 71 (24.2) 39 (26) 32 (22.4)
3 78 (26.6) 44 (29.3) 34 (23.8)
4 or more 77 (26.3) 47 (31.3) 30 (21)
Institution
Public 198 (67.6) 93 (62) 105(73.4)  0.050
Private 95 (32.4) 57 (38) 38 (26.6)
Highest academic degree
Completedhigh 145 (50.5)  148.(98.7) 0(0)  <0.001
Graduated, DDS 47 (16) 2(1.3) 45 (31.5)
Specialist 39 (13.3) 0(0) 39 (27.3)
Masters, MSD 53 (18.1) 0 (0) 53 (37.1)
Doctorate, PhD 6(2) 0 (0) 6 (4.2)
Economic class rate
A 87 (29.7) 35(23.3) 52(36.4)  <0.001
Bl 65 (22.2) 23 (15.3) 42 (29.4)
B2 79 (27) 46 (30.7) 33(23.1)
Cl 44 (15) 33 (22) 11 (7.7)
C2 18 (6.1) 13 (8.7) 5(3.5)
Mean (SD) Mean (SD) Mean (SD)  p**
Age (years) 26 (7.1) 22 (3.4) 31(7.4) <0.001

Legend: *Chi-square test for categorical variables and **independent samples t-test for age. DDS:
Doctor of dental surgery, MSD: Master of science in dentistry, PhD: Doctor of philosophy, SD:
Standard deviation

Comparison Between Groups

Significant differences between undergraduate and graduate
students were observed regarding social isolation, pandemic-
related concerns, preferences related to DE, perceived
difficulties, instructional modality, perceived academic
performance, content quality, and the perceived relationship
between DE and anxiety (Table 3; p<0.05).
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Table 3. Comparison of perceptions, concerns, and DE-related variables between undergraduate and graduate dentistry students

Groups

Total Undergraduate Graduate
n (%) (n=150)n (%) (n=143)n (%) p*

Social isolation
I am going out as usual 36 (12.3) 5(3.3) 31 (21.7)
I am staying home as much as possible (going out only to buy food/medicine) 195 (66.6) 95 (63.3) 100 (69.9)  <0.001
I do not leave home for nothing 62 (21.2) 50 (33.3) 12 (8.4)
Concern
Professional instability, the chance of unemployment 28 (9.6) 9 (6) 19 (13.3)
Economic crisis in the country 70 (23.9) 27 (18) 43 (30.1)
Contagion 181 (61.8) 102 (68) 79 (55.2) 0.001
Food 4(1.4) 4(2.7) 0 (0)
Education 10 (3.4) 8 (5.3) 2(1.4)
Frequency of virtual lessons
Many times 37 (12.6) 14 (9.3) 23 (16.1)
Sometimes 62 (21.2) 30 (20) 32 (22.4) 0.083
Rarely 115 (39.2) 57 (38) 58 (40.6) .
Never 79 (27) 49 (32.7) 30 (21)
Distance education preferences
Vilt(iieo lessons recorded and available for me to watch for as long as I want, without the possibility of 5(17) 5(3.3) 0(0) 0.002
asking questions
Video lessons recorded and available for me to watch for as long as I want, with the possibility of taking -, (587) 95 (63.3) 77 (53.8)
questions by email
Unrecorded video lessons, only with the teacher’s virtual presence, without sharing slides on the screen, 3(1) 0(0) 3(2.1)
without the student’s face screen and without the possibility of asking questions :
Video lessons not recorded, with virtual presence of the teacher, with slide sharing on the screen, with
the screen of the student’s face and with tEe possibility of asking questions £ @) e s @)
Unrecorded video lessons, without the teacher’s virtual presence, only with his live voice, with sharing
slides on the screen, without the screen of the student’s face and with the possibility of answering 28 (9.6) 17 (11.3) 11 (7.7)
questions
Difficulty
No difficulty 59 (20.1) 17 (11.3) 42 (29.4) <0.001
Low difficulty 79 (27) 41 (27.3) 38 (26.6)
Average difficulty 97 (33.1) 51 (34) 46 (32.2)
A lot of difficulty 38 (13) 25 (16.7) 13 (9.1)
Extreme difficulty 20 (6.8) 16 (10.7) 4(2.8)
Difficulty justification
Not applicable (as theoretically reported having no difficulty in the previous question) 47 (16) 18 (12) 29 (20.3) 0.348
Impaired Wi-Fi connection 72 (24.6) 41 (27.3) 31 (21.7)
How to make questions 7 (2.4) 5(3.3) 2(1.4)
Lack of interaction between student and teacher 19 (6.5) 11 (7.3) 8 (5.6)
I can’t focus 126 (43) 64 (42.7) 62 (43.4)
Platform adaptation 22 (7.5) 11 (7.3) 11 (7.7)
Improvement suggestion
iltleigizl;ﬂiyzation and organization of content with creation of schedules and goals to develop student 56 (19.1) 23 (15.3) 33 (23.1) 0.142
;nls%rgve dynamics, have a summary at the end of the class, provide complementary material such as 124 (42.3)  74(49.3) 50 (35)
ocuments and exercise
Availability to answer questions with an online tutor 10 (3.4) 5(3.3) 5(3.5)
Video storage lessons so I can watch as many times as I want 82 (28) 39 (26) 43 (30.1)
Improving the stability of videoconferencing platforms 21(7.2) 9 (6) 12 (8.4)
Ideal time of lesson
<30 minutes 41 (14) 20 (13.4) 21 (14.7) 0.709
45 minutes 92 (31.5)  45(302) 47 (32.9)
1 hour 118 (40.4) 65 (43.6) 53 (37.1)
More than 1 hour 41 (14) 19 (12.8) 22 (15.4)
Class modality
Online class 22 (7.5) 3(2) 19 (13.3) <0.001
Face-to-face class 271 (92.5) 147 (98) 124 (86.7) :
Class modality justification
More organized content 12 (4.1) 4(2.7) 8 (5.6)
Practicality in answering questions 11 (3.8) 6 (4) 5(3.5)
Greater interactivity between student and teacher 78 (26.6) 38 (25.3) 40 (28) 0.451
I stay more concentrated 157 (53.6) 80 (53.3) 77 (53.8)
T am used to it 35 (11.9) 22 (14.7) 13 (9.1)
Performance
Affects extremely negatively 44 (15) 31 (20.7) 13 (9.1)
Affects negatively 141 (48.1) 80 (53.3) 61 (42.7)  <0.001
Does not affect 108 (36.9) 39 (26) 69 (48.3)
Content
Very limited 71 (24.2) 55 (36.7) 16 (11.2) <0.001
Limits a little 116 (39.6) 61 (40.7) 55 (38.5)
No effect 43 (14.7) 14 (9.3) 29 (20.3)
Covers a little 37 (12.6) 14 (9.3) 23 (16.1)
Completely covers 26 (8.9) 6 (4) 20 (14)
Relationship DE/anxiety
Increases a lot 90 (30.7) 65 (43.3) 25 (17.5) <0.001
Increases a little 125 (42.7) 58 (38.7) 67 (46.9)
Does not affect 39 (13.3) 16 (10.7) 23 (16.1)
Reduces a little 39 (13.3) 11 (7.3) 28 (19.6)
Anxiety (categorized)
Has no anxiety 16 (5.5) 9 (6) 7 (4.9) 0.874
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Anxiety State Scale Impact

STAI-S-6 scores differed significantly according to gender,
academic level, socioeconomic status, perceived academic
performance, and the perceived relationship between DE and
anxiety (Table 4; Figures 2 and 3).

Table 4. Between-group comparisons of mean STAI-S-6 scores across

demographic, educational, and behavioral variables
STAI-S-6 score (SD) p

Gender'
Female 57.4 (12.5) DT
Male 52.3 (12.4) ’
Group*
Undergraduate 58.4 (13.0) B
Graduate 54.6 (11.9) ’
Institution®
Public 56.4 (12.8)
Private 56.8 (12.4) 0.803
Economic class rate®
A 53.9* (12.9)
Bl 56.9% (10.7)
B2 55.7% (12.8) 0.022
C1 60.3" (11.6)
C2/D/E 62.0* (16.4)
Social isolation*
I am going out as usual 55.6 (10.5)
(o oot o5y to ey Food/medicing ¢ 5640128 0730
I do not leave home for nothing 57.6 (13.1)
Frequency of virtual lessons*
Always/many times 55.2 (13.8)
Sometimes 54.0 (12.9) 0226
Rarely 57.7 (11.5)
Never 57.6 (13.2)
Ideal time of lesson®
<30 minutes 55.0 (13.0)
45 minutes 58.9 (12.5) 0.104
1 hour 56.1 (12.0) ’
More than 1 hour 53.7 (13.6)
Class modality*
Online class 51.7 (10.9) L
Face-to-face class 56.9 (12.7) ’
Performance®
Affects extremely negatively 61.1* (13.1)
Affects negatively 58.1* (11.7) <0.001
g((t):: rﬁg{ya}iifgcjté&z]f&;ts positively or 52.7° (12.6)
Self-perception-relationship DE/anxiety*
Increases a lot 62.7%(11.9)
Increases a little 54.2° (10.7)
Does not affect 54.4 (12.4) <0.001
Reduces a little/too much 52.1° (15.2)

Legend: 1-Independent samples t-test; 2-One-way ANOVA. Means with different superscript letters
indicate statistically significant differences between groups (p<0.05). Means sharing at least one

letter are not significantly different. STAI-S-6: State-Trait Anxiety Inventory-State 6-item short
form, SD: Standard deviation, DE: Distance education, ANOVA: Analysis of variance

-
8
<
P
a3 e
o
g s
al so

T Fl 2 g 2 < = o 3 W 4 8y ] 2 B
; g $ 3 R A Pl
i 131 ¢% ¢ s|if. 3y 12 °
i 85 83 & §
7 L
£ 2| 8
BoBeg 5|2
- ]
Eg_ 3
Gender Group Institution ‘Economic Class rate Social Isolation ‘Frequency of virtual lessons.

Variables
Figure 2. Mean STAI-S-6 scores according to demographic and
socioeconomic characteristics. Black dots represent mean values and vertical
bars indicatetstandard deviation

STAI-S-6: State-Trait Anxiety Inventory-State 6-item short form

=]
80
5
§70
3| &
2
E60
%55
g s J
45 - e
0
* B 8 = g a 2 = > = -
S N SN IO B TN S S R B B B
b o & § § E i E
2 2 k| 3 8 2 3, <
N g & H 3% = § L
2 i s A .
§ g8 ]
] 2 é
< 4
Ideal time of lesson Class modality Performance Relationship DE / Anxiety

Variables

Figure 3. Mean STAI-S-6 anxiety scores and standard deviations according to
DE-related variables. Black dots represent the mean STAI-S-6 scores for each
DE category, and vertical bars indicatetstandard deviation

STAI-S-6: State-Trait Anxiety Inventory-State 6-item short form, DE: Distance education

Students reporting extremely negative effects of DE on
academic performance presented the highest STAI-S-6
scores (61.1+13.1), whereas those reporting no negative effects
exhibited lower scores (52.7+12.6; p<0.001; n*=0.11).

Similarly, students who perceived that DE greatly increased
anxiety exhibited the highest STAI-S-6 scores (62.7+12.4),
significantly higher than those observed in the remaining
categories (p<0.001; n*=0.18). No significant differences in
STAI-S-6 scores were observed according to social isolation
status, frequency of virtual classes, or preferred class duration
(p>0.05).

To complement the statistical significance tests, effect size
estimates were calculated for all significant comparisons
involving STAI-S-6 scores (Table 5). A large effect size was
observed for age differences between undergraduate and
graduate students (Cohen’s d=1.58). Small-to-moderate effects
were identified for gender (Cohen’s d=0.41) and academic
level (Cohen’s d=0.31). For variables analyzed using one-way
ANOVA, the largest effect size was found for the perceived
relationship between DE and anxiety (n°=0.18), followed
by the perceived impact of DE on academic performance
(1*=0.11), whereas socioeconomic status showed a smaller
effect (17=0.05).

Table 5. Effect sizes for significant comparisons involving STAI-S-6 scores

Variable Statistical test Effect size Magnitude

Age (undergraduate vs. Independent samples  Cohen’s Larce

graduate students) t-test d=1.58 8

Gender Independent samples  Cohen’s  Small-to-
t-test d=0.41 moderate

. Independent samples  Cohen’s

Academic level rost d=031 Small

Socioeconomic status One-way ANOVA  n>=0.05 Small

Per&eivgd impfaact s Do One-way ANOVA  1°=0.11  Moderate

academic performance

Perceived relationship One-way ANOVA  17=0.18 Large

between DE and anxiety

Legend: Interpretation of effect sizes followed conventional criteria. For Cohen’s d, values of
approximately 0.20, 0.50, and 0.80 were considered small, moderate, and large, respectively. For eta

squared (n?), values of approximately 0.01, 0.06, and 0.14 were interpreted as small, moderate, and
large effects, respectively. STAI-S-6: State-Trait Anxiety Inventory-State 6-item short form, DE:
Distance education, ANOVA: Analysis of variance

DISCUSSION

This study provides insight into dentistry students’
psychological and academic experiences during the early
phase of the COVID-19 pandemic, when emergency DE was
abruptly implemented. Relatively few studies have directly
compared undergraduate and graduate students, and the
present findings suggest that academic level may influence
how students perceive DE and its relationship with anxiety.
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More recent studies have reported similar educational and
psychological challenges in hybrid and DE settings, although
caution is warranted when comparing these findings with
data obtained during the early phase of the pandemic.'»'242!

An important finding of the present study was that subjective
perceptions related to DE, particularly perceived academic
performance decline and the belief that DE was associated
with increased anxiety, were accompanied by higher STAI-S-6
scores. These findings suggest that students” appraisal of DE
may have been more strongly related to psychological distress
than structural characteristics of DE itself.?**

Differences in social isolation patterns and pandemic-related
concerns were observed between undergraduate and graduate
students. Graduate students appeared to be more concerned
about professional instability and the economic consequences
of the pandemic, whereas undergraduate students more
frequently reported concerns related to contagion and
educational issues. These differences may reflect distinct
academic responsibilities and career stages, findings that are
consistent with previous reports describing heterogeneous
psychological — responses among health  professions
students.***

The interruption of clinical and preclinical activities was
associated with emotional distress among dental students,
consistent with previous studies showing that reduced
opportunities for practical training, uncertainty regarding
academic progression, and concerns about professional
preparedness are associated with anxiety and perceived
academic  impairment.*****  Limited  teacher-student
interaction and reduced opportunities for hands-on learning
have also been identified as stressors that may negatively affect
student engagement and perceived quality of education.”'***

Undergraduate students exhibited higher anxiety levels
than graduate students. This finding may reflect differences
in academic maturity, self-regulation skills, familiarity
with independent learning, and expectations regarding
professional training. Similar patterns have been reported
in studies evaluating emotional responses across different
educational stages.'"”'"”” Socioeconomic disparities also
emerged as an important factor, with students from lower
economic strata presenting higher anxiety scores, which
is consistent with evidence suggesting greater academic
and digital burdens among socially vulnerable students.?
Although the correlation between age and STAI-S-6 scores
reached statistical significance, its magnitude was weak
(r=-0.125), indicating limited practical relevance. Therefore,
age alone should not be considered a major determinant of
anxiety levels among dentistry students.

A noteworthy contribution of this study was the association
between subjective DE experiences, including perceived
academic performance decline and self-perceived anxiety
related to DE, and objective anxiety scores measured by
the STAI-S-6. Similar relationships have been described in
studies reporting that cognitive overload, prolonged screen
exposure, and perceived reductions in learning quality are
associated with less favorable psychological outcomes.'?'»2%
Recent investigations have also suggested that DE fatigue
may be accompanied by reduced concentration and increased
frustration.'®*2

The findings of the present study underscore the importance
of pedagogical approaches that combine flexibility
with structured and interactive educational activities.

Strategies such as shorter synchronous sessions, active
learning opportunities, and improved instructional design
may help reduce cognitive burden and enhance student
engagement.'”'>?* In dental education, combining digital
resources with supervised practical activities and hybrid
learning models may contribute to improving academic
continuity and student well-being.

Although Artificial Intelligence (AI)-based educational tools
were not investigated in the present study, recent technological
advances may provide opportunities to address some of the
educational challenges identified during emergency DE.
Future studies are warranted to evaluate the potential role of
Al-assisted educational approaches in dental education.

Limitations

Several limitations should be considered when interpreting
the present findings. First, the cross-sectional design precludes
causal inference. Second, the use of self-reported measures
may have introduced reporting bias. Third, because the survey
was administered online, selection bias cannot be excluded.
Furthermore, data collection was conducted between March
and June 2020, and therefore the findings reflect the specific
circumstances of the early phase of the COVID-19 pandemic.
Consequently, caution is warranted when extrapolating these
results to later phases of the pandemic or contemporary
educational settings.

Potentially relevant confounding variables, including
previous psychiatric disorders, psychotropic medication
use, social support, and academic performance before the
pandemic, were not assessed and may have influenced anxiety
scores. Although multivariable regression models may be
useful for identifying independent predictors of anxiety, such
analyses were beyond the exploratory objectives of the present
study. Future longitudinal investigations are warranted to
better elucidate the relative contribution of these factors to
psychological outcomes among dentistry students.

CONCLUSION

These findings suggest that dentistry students experienced
considerable psychological burden during emergency
DE implemented in the early phase of the COVID-19
pandemic, with higher anxiety levels observed among
females, undergraduate students, and individuals from
lower socioeconomic backgrounds. The results may indicate
that difficulties adapting to DE and the perception that DE
increased anxiety were associated with higher STAI-S-6
scores. Overall, these findings underscore the potential
importance of mental-health-oriented educational strategies
and equitable access to digital resources during periods of
major educational disruption. Lessons learned from the early
pandemic period may help inform the development of more
resilient and student-centered educational models in the
future.
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ABSTRACT

Aims: This study aimed to examine the digital literacy and computer self-efficacy of faculty members and undergraduate
students in dental education and to investigate their associations with demographic and technology-related characteristics.
Methods: This cross-sectional survey included 102 undergraduate dental students and all 12 faculty members employed at the
institution during the study period. Data were collected using the Personal Information Form, Questionnaire for Determining
Prospective Teachers’ Digital Literacy Levels, and Computer Self-Efficacy Scale. Descriptive statistics, independent-samples
t-tests, Welch’s t-test, one-way analysis of variance, non-parametric tests, correlation analyses, and multiple linear regression
analyses were performed as appropriate.

Results: Male students had higher digital literacy and computer self-efficacy scores than female students, whereas no significant
differences were observed between age groups. Personal computer ownership and previous computer-related training were
associated with higher scores on both outcomes. In the multivariable analyses, gender, personal computer ownership, and
previous computer-related training remained significantly associated with both digital literacy and computer self-efficacy after
adjustment for age, grade level, and frequency of internet use. Grade level was not independently associated with either outcome
after adjustment. Faculty members had higher digital literacy and computer self-efficacy scores than students. Digital literacy
and computer self-efficacy were strongly positively correlated among students, whereas no statistically significant association
was identified among faculty members.

Conclusion: Digital literacy and computer self-efficacy among dental students were associated with gender, access to a personal
computer, and previous computer-related training. These findings support the integration of structured technology-supported
learning opportunities into dental education while emphasizing that the observed associations should not be interpreted causally.
Keywords: Digital literacy, computer self-efficacy, dental education, higher education, educational technology, digital competence

INTRODUCTION

Rapid developments in digital technologies have digital literacy includes competencies such as information

transformed individuals’ processes of accessing information,
communication, learning and professional practice. In
particular, the widespread integration of digital tools
into educational environments has restructured teaching
and learning processes, making online platforms, mobile
technologies, simulation applications and interactive digital
content central components of contemporary education.?
This transformation has increased the importance of not only
using technology effectively, but also accessing, evaluating,
analysing and producing information ethically within digital
environments.> Accordingly, digital literacy and computer
self-efficacy have become critical competencies in modern
education systems.*

Digital literacy is a multidimensional concept referring to
individuals’ ability to use digital technologies effectively,
critically, safely and consciously. Beyond technical skills,

*Corresponding Author: Oguz Cetin, oguzcetin@ohu.edu.tr
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access, information evaluation, digital communication,
content creation and problem-solving.* Today, digital
literacy is considered an essential competency for academic
achievement and professional success.” Particularly within
higher education, the increasing prevalence of digital learning
environments has made the digital competence levels of
students and faculty members increasingly important.®

Computer self-efficacy, on the other hand, refers to individuals’
perceptions of their competence in using computers and
digital technologies. Based on Bandura’s self-efficacy theory,
computer self-efficacy is regarded as one of the key variables
influencing individuals’ motivation regarding technology
use, their attitudes toward digital environments and their
confidence in performing technology-related tasks.” The
literature suggests that individuals with stronger self-efficacy
beliefs demonstrate more positive attitudes toward technology
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use, adapt more easily to digital learning environments
and perform more successfully in technology-supported
applications.®’

Previous studies have also demonstrated a significant
relationship between digital literacy and computer self-
efficacy. Individuals who can use digital tools effectively
tend to develop stronger confidence regarding technology
use, whereas individuals with high self-efficacy beliefs are
more likely to engage actively with digital environments and
adapt more successfully to technology-supported learning
processes.**!? Therefore, digital literacy and computer self-
efficacy may be considered mutually reinforcing constructs
that contribute to individuals’ successful participation in
contemporary educational environments.

The increasing integration of digital technologies into health
education has further emphasized the importance of digital
competence among both students and faculty members.
Dental education, in particular, represents one of the health
disciplines in which digital technologies are used extensively.
Digital radiography systems, CAD/CAM applications, virtual
simulations, intraoral scanners, three-dimensional modelling
technologies and online learning platforms have become
integral components of contemporary dental education.'"
These technologies not only facilitate the development of
students’ theoretical and clinical skills but also require
faculty members to develop advanced digital pedagogical
competencies.”

Recent research has further demonstrated the growing
importance of digital competence within dental education.
Studies involving dental students have examined their
experiences with CAD/CAM systems, intraoral scanners,
digital workflows, and other technology-supported learning
environments, generally indicating positive attitudes toward
digital dentistry while also identifying variability in practical
experience, confidence, and preparedness for technology-
supported clinical practice.!**® Recent evidence also suggests
that structured exposure to digital technologies during
dental education may be relevant to students’ confidence and
preparedness for digital clinical workflows."'* At a broader
level, recent systematic reviews demonstrate that digitalization
is becoming increasingly integrated into undergraduate and
postgraduate dental education, although implementation
and educational outcomes remain heterogeneous across
institutions and technologies."”'

More recent research has begun to examine digital competence
itself among dental students rather than focusing exclusively
on individual dental technologies. Shooriabi et al."” assessed
dental students using a DigComp 2.2-based instrument and
reported relatively high self-perceived digital competence,
while overall competence did not differ significantly
according to gender, age, academic year, or duration of daily
internet use. These findings illustrate the growing interest in
broader digital competence within dental education while
also suggesting that its demographic correlates may vary
across educational contexts.

Technology-supported educational environments, including
online learning systems, virtual reality applications and
simulation-based instructional tools, contribute to the
development of students’ clinical competencies and support
more interactive and individualized learning experiences.”
However, the effective integration of digital technologies into

S

educational processes is closely associated with individuals’
levels of digital literacy and their confidence regarding
computer use.”> Consequently, determining the digital
competence levels of students and faculty members has
become increasingly important for improving the quality
of dental education and supporting effective technology
integration within professional training environments.*

Although the literature on digitalization in dental education
has expanded considerably in recent years, much of the
existing research has focused on students’ perceptions,
experiences, or performance regarding specific technologies
such as CAD/CAM systems, intraoral scanners, virtual
simulation, and other digital workflows.'*'* Recent research
has begun to examine broader digital competence and digital
literacy among dental students,'”* but comparatively limited
attention has been given to digital literacy and computer
self-efficacy as related but distinct constructs within dental
education, particularly through the simultaneous inclusion
of students and faculty members.”> Although previous dental
education research has compared students and faculty
members in related areas such as e-learning readiness,* digital
literacy and computer self-efficacy have received substantially
less attention as distinct but potentially interrelated constructs
examined concurrently across these two groups. Moreover,
evidence regarding the demographic and technology-related
characteristics independently associated with these constructs
among dental students remains limited."**

Accordingly, the present study aimed to examine digital
literacy and computer self-efficacy among dental students
and faculty members within the same institutional context
and to investigate the relationship between these constructs.
In addition, the study examined their associations with
demographic and technology-related characteristics among
students and used multivariable analyses to determine which
factors remained independently associated with digital
literacy and computer self-efficacy after adjustment for other
measured characteristics. By examining both constructs and
both participant groups within a single dental education
setting, the study seeks to contribute to a more comprehensive
understanding of digital competence and technology-related
confidence in contemporary dental education.

METHODS
Ethics

This study was approved by the Nigde Omer Halisdemir
University Ethics Committee (Date: 29.03.2024, Decision No:
2024/07-16). All procedures were conducted in accordance
with the Declaration of Helsinki.

Study Design

This study employed a cross-sectional survey design* to
examine the digital literacy levels and computer self-eflicacy
beliefs of dental students and faculty members. Within
this framework, the relationships between digital literacy,
computer self-efficacy and various demographic variables
were analysed.

Participants

The target population of the study consisted of all
undergraduate students and faculty members at the Faculty
of Dentistry, Nigde Omer Halisdemir University, during
the data collection period. A total population approach was
adopted, and all eligible students and faculty members were
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invited to participate in the study rather than selecting a
subgroup through a sampling procedure.”

At the time of data collection, 121 undergraduate students
were enrolled in the faculty. Of these students, 102 provided
complete and valid responses and were included in the final
analysis, corresponding to a valid response rate of 84.3%. The
faculty employed 12 academic staff members during the same
period, all of whom participated in the study, corresponding
to a response rate of 100%. Thus, the final analytical sample
consisted of 114 participants (102 students and 12 faculty
members).

At the time of the study, the faculty of dentistry was newly
established and provided education only to first-, second-,
and third-year students. Fourth- and fifth-year cohorts had
not yet been established at the institution. Therefore, fourth-
and fifth-year students were not excluded on the basis of any
eligibility or sampling criterion; rather, these cohorts did not
exist during the study period. This institutional characteristic
should be considered when interpreting comparisons across
year levels.

Anapriorisample size or power calculation was not performed
because the study was designed to invite the entire eligible
population of the faculty during the data collection period
rather than to select a predetermined sample. Nevertheless,
the small absolute number of faculty members (n=12) should
be considered when interpreting analyses involving this
group.

Of the students, 64 were female (62.7%) and 38 were male
(37.3%); the overall distribution of the study group, including

the faculty members, was evaluated within the scope of the
research.

Data Collection Tools

The Personal Information Form, Questionnaire for
Determining Prospective Teachers’ Digital Literacy Levels
and the Computer Self-Efficacy Scale were used as data
collection tools in the study.

Personal Information Form: The personal information form,
developed by the researchers, consists of questions designed
to determine demographic variables such as gender, age,
year group, ownership of a personal computer, frequency
of internet use, and whether the respondent has received
computer-related training.

Questionnaire for Determining Prospective Teachers’
Digital Literacy Levels: Digital literacy was assessed
using the instrument developed by Kiyici*® to determine
prospective teachers’ digital literacy levels. The instrument
was developed following a review of the relevant literature
and existing questionnaires. An initial pool of 128 Likert-
type items addressing digital literacy and its dimensions was
prepared. The draft instrument was reviewed by eight field
experts in terms of content appropriateness, clarity of the
instructions and items, and response format. Based on expert
feedback, 16 items were removed, and the revised instrument
was subsequently pilot-tested with 251 prospective teachers.
The internal consistency coeflicient obtained in the pilot study
was Cronbach’s a=.9798. Following item analysis, items with
unsuitable corrected item-total correlations were removed,
resulting in a final 107-item instrument. The instrument
addresses digital literacy through four dimensions: computer
literacy, information literacy, technology literacy, and

media literacy. Items are rated on a five-point frequency-
based response format ranging from never to always, with
intermediate categories of rarely, sometimes, and often. Scores
are calculated using the arithmetic mean of the relevant items,
with higher scores indicating higher levels of digital literacy. In
the present study, the Cronbach’s a coeficient was calculated
as 0.984, indicating a high level of internal consistency.

Computer Self-Efficacy Scale: The Computer Self-Efficacy
Scale developed by Sensoy”” was used to assess participants’
perceived self-eflicacy regarding computer use. During the
development of the instrument, an initial pool of 20 items
was prepared. Following expert review for content relevance,
the instrument was revised to 16 items. The 16-item form
was subsequently pilot-tested with 109 teachers. Item
analyses supported the retention of all 16 items, and the scale
demonstrated high internal consistency, with a Cronbach’s
a coeficient of .89. The instrument uses a five-point Likert-
type response format ranging from 1 (strongly disagree)
to 5 (strongly agree), with higher scores indicating higher
perceived computer self-efficacy. In the present study, the
Cronbach’s a coeflicient was calculated as 0.814, indicating
acceptable reliability.

Data Collection

The data collection phase of the study was carried out during
the 2024-2025 academic year. The data collection tools
were administered to faculty members and students who
volunteered to participate in the study using both paper-based
and electronic formats. Participants were informed about the
purpose of the study, and informed consent was obtained
prior to data collection. Completion of the questionnaires
took approximately 15 minutes. The data obtained from
participants were handled in accordance with the principle of
confidentiality. Before the statistical analyses were conducted,
the questionnaires were checked for completeness, and only
complete responses were included in the analysis.

Statistical Analysis

Prior to inferential analyses, the distributions of the study
variables were examined using the Shapiro-Wilk test,
skewness and kurtosis values, and inspection for potential
outliers. Homogeneity of variance for group comparisons
was assessed using Levene’s test. For two-group comparisons,
student’s independent-samples t-test was used when the
homogeneity-of-variance assumption was satisfied, whereas
Welch’s t-test was used when this assumption was violated.
For comparisons involving more than two groups, one-
way ANOVA was used when the relevant assumptions
were satisfied. When the omnibus one-way ANOVA was
statistically significant, Tukey’s honestly significant difference
(HSD) test was used for post-hoc pairwise comparisons, with
multiplicity-adjusted p-values reported.

For the student sample, both digital literacy and computer
self-efficacy scores showed acceptable distributional
characteristics; therefore, Pearson’s correlation coefficient
was used to examine their association. In contrast, given the
small faculty sample (n=12), the significant departure from
normality observed for computer self-efficacy scores, and
the presence of a potential outlying observation, Spearman’s
rank-order correlation coefficient was used to examine the
association between digital literacy and computer self-efficacy
among faculty members. Statistical significance was set at
p<.05.
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In the results of the independent samples t-test, Cohen’s d
coeflicient was calculated to determine the effect size. In the
interpretation of Cohen’s d-values, 0.20 was considered a
small, 0.50 a medium, and 0.80 a large effect size.”® In one-way
analyses of variance, the eta squared (n*) coefficient was used
to determine the effect size. In the interpretation of n” values,
0.01 was considered a small effect size, 0.06 a medium effect
size, and 0.14 a large effect size.”

To account for potential confounding among demographic
and technology-related characteristics, two multiple linear
regression models were additionally conducted for the student
sample, with digital literacy and computer self-efficacy
entered separately as dependent variables. Gender, age, grade
level, personal computer ownership, frequency of internet
use, and previous computer-related training were entered
simultaneously as predictors.

Given that multiple hypothesis tests were conducted across
several demographic and technology-related variables,
the possibility of an increased family-wise type I error rate
was considered. These subgroup analyses were treated as
exploratory rather than confirmatory; therefore, no formal
multiplicity adjustment was applied. Statistical significance
was evaluated at the conventional a=.05 level, but findings with
p-values close to this threshold were interpreted cautiously
and in conjunction with their corresponding effect sizes.
Accordingly, these results should be regarded as hypothesis-
generating and warrant confirmation in future studies.

RESULTS

Demographic Findings for the Sample Group

A total of 114 participants took part in the study, including
102 students and 12 faculty members. Among the students,
62.7% were female (n=64) and 37.3% were male (n=38). Most
participants were between the ages of 17 and 19. In terms of
grade level, 43.1% of the students were in year 1, 35.3% were in
year 2 and 21.6% were in year 3 (Table 1).

Table 1. Demographic characteristics of students in the sample group

Characteristic f %
Female 64 627
Gender
Male 38 373
17-19 54 529
Age
20 + 48 471
Year 1 44 431
Class Year 2 36 353
Year 3 22 216
Yes 58 56.9
Ownership of a personal computer
No 44 431
Medium 14 137
Frequency of internet use Frequent 50 49.0
Very frequent 38 373
Yes 33 324
Status of computer-related training
No 69  67.6
H_omewor_k preparation/ 23 226
information gathering
Playing games 8 78
Students’ purpose of internet use Social 65 63.8
E-mail 329
For professional use 3 29
Total 102 100

S

More than half of the students owned a personal computer
(56.9%), while 49% reported frequent internet use. However,
67.6% stated that they had not received any computer-related
training previously. Regarding the purpose of internet use,
most students reported using the internet mainly for social
purposes.

Table 2 shows that faculty members primarily used the
internet for information gathering and e-mail communication.
Both groups reported regular engagement with digital
technologies. Nevertheless, the proportion of students who
had received computer-related training remained relatively
low.

Table 2. Purposes of internet use among faculty members in the sample
group

Characteristic f %
Information gathering 6 50

Playing games 0 0
Purpose of internet use by faculty e — 2 166

members

E-mail 4 333

For professional use 0 0
Total 12 100

Findings on Normality

As shown in Table 3, neither digital literacy (p=.061) nor
computer self-efficacy (p=.373) scores showed a statistically
significant departure from normality among students.
Skewness and kurtosis values were also within acceptable
limits.

Table 3. Results of the normality assessment for digital literacy and

computer self-efficacy scores among students

Shapiro-Wilk
Variable X SD Median Skewness Kurtosis Statistics p
Digital literacy 3.46 .72 3.31 238 -.594 976 .061
Computer 351 58 353 -259 -352 986 373
self-efficacy

P>.05 indicates no statistically significant departure from normality. SD: Standard deviation

As shown in Table 4, digital literacy scores did not significantly
deviate from normality (p=.894), whereas computer self-
efficacy scores showed a statistically significant departure
from normality (p=.042). Given the small faculty sample
(n=12), this distributional characteristic was taken into
account when selecting the subsequent statistical procedures.

Table 4. Results of the normality assessment for digital literacy and

computer self-efficacy scores among faculty members

Shapiro-Wilk

Variable X SD Median Skewness Kurtosis Statistics p
Digital literacy 393 56 391 -.097 -.641 968  .894
Computer self-efficacy 3.91 48 4.03 -1.114 .898 .855  .042*

P<.05 indicates a statistically significant departure from normality. *Significant at the p<.05 level.

SD: Standard deviation

Findings Regarding Digital Literacy and Computer
Self-Efficacy Levels

Table 5 shows that the mean digital literacy score among
students was 3.46 (SD=0.72), while the mean computer self-
efficacy score was 3.51 (SD=0.58). Because validated cutoft
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values for categorizing these scale scores as low, moderate, or
high are not available, the scores are presented and interpreted
as continuous measures rather than categorical levels.

Table 5. Distribution of students’ scores on digital literacy levels and

attitudes towards computer self-efficacy beliefs

_ Observed Possible
X Mode Median SD

Variable n range range
Digital literacy 102 346 2.76 3.310 .72 1.82-5.00 1.00-5.00
Computer self-efficacy 102 3.51 3.50 3.531 .58 1.94-4.62 1.00-5.00

SD: Standard deviation

Table 6 indicates that faculty members had higher mean
scores for both digital literacy and computer self-efficacy
than students. In addition, faculty members’ scores showed a
narrower observed range.

Table 6. Distribution of scores for faculty members’ digital literacy levels

and attitudes towards computer self-efficacy beliefs

_ Observed Possible
X Mode Median SD

Variable n range range
Digital literacy 12 393 3.06 3915 .56 3.06-4.86 1.00-5.00
Computer self-efficacy 12 3.91 4.25 4.031 .48 2.81-4.37 1.00-5.00

SD: Standard deviation

Findings Regarding the Gender Variable

Table 7 shows a statistically significant gender difference in
students’ digital literacy scores, Welch’s t (59.92)=-2.220,
p=.030, with male students reporting higher scores than
female students. A statistically significant gender difference
was also observed for computer self-efficacy, t (100)=-2.432,
p=.017, again in favour of male students.

Table 7. Comparison of students’ digital literacy and computer self-
efficacy scores according to gender

Variable Gender n X SD df Te.St. p Cohen’sd
statistic
L Female 64 3.33 .61
Digital literacy 59.92 -2.220* .030* 47
Male 38 3.68 .84
~ F le 64 341 .52
GRS s S L 100 -2432° 017* 50
efficacy Male 38 3.69 .64

XWelch’s t-test was used because the homogeneity-of-variance assumption was violated. KStudent’s

independent-samples t-test was used because the homogeneity-of-variance assumption was
satisfied. *Significant at the p<.05 level. SD: Standard deviation

Findings Regarding the Age Variable

As shown in Table 8, students aged 17-19 years did not differ
significantly in digital literacy from those aged 20 years and
over, t (100)=0.772, p=.442, Cohen’s d=0.15. Similarly, no
statistically significant difference was observed in computer
self-efficacy between the two age groups, t (100)=-0.567,
p=.572, Cohen’s d=-0.11. The small effect sizes further indicate
that age-related differences in both outcomes were limited.

Table 8. Comparison of students’ digital literacy and computer self-

efficacy scores according to age

Variable Age n X SD df t p Cohen’sd
17-19 54 351 .78

Digital literacy 100 0772 442 .15
20+ 48 340 .65

Computerself- 179 9SO 0o s L

efficacy 20+ 48 355 54

SD: Standard deviation

Findings Regarding Class Level

Table 9 shows that students’ digital literacy scores did not
differ significantly across grade levels, F (2, 99)=2.097, p=.128,
n’=.041. In contrast, computer self-efficacy scores differed
significantly according to grade level, F (2, 99)=3.263, p=.042,
n°=.062. Third-year students had the highest mean computer
self-efficacy score (X =3.73, SD=0.51), followed by first-year
(X =3.54, SD=0.58) and second-year students (X=3.35,
SD=0.59). Tukey HSD post-hoc comparisons indicated that
the difference between second- and third-year students was
statistically significant (mean difference=0.387, adjusted
p=.035), whereas the differences between first- and second-
year students (adjusted p=.281) and between first- and
third-year students (adjusted p=.403) were not statistically
significant. Therefore, although third-year students had the
highest mean computer self-efficacy score, the findings do
not indicate a gradual increase in computer self-efficacy with
academic progression.

Table 9. Comparison of students’ digital literacy and computer self-efficacy
scores according to grade level

)‘( 2

Variable Classlevel n SO f P 0
Year 1 44 3.56 .73

Digital literacy Year 2 36 327 .70 2.097 .128 .041
Year 3 22 3,59 .70
Year 1 44 354 .58

Computer self-efficacy Year2 36 3.35 .59 3.263 .042* .062
Year 3 22 373 .51

Tukey HSD post-hoc comparisons were conducted following the significant omnibus ANOVA for
computer self-efficacy. Only the year 2-year 3 comparison was statistically significant (adjusted

P=.035); year 1-year 2 (adjusted p=.281) and year 1-year 3 (adjusted p=.403) were not significant.
*n’=eta squared. Significant at the p<.05 level. SD: Standard deviation, HSD: Honestly significant

difference, ANOVA: Analysis of variance

Findings Regarding Ownership of a Personal
Computer

Table 10 shows that students who owned a personal computer
had significantly higher digital literacy scores (X =3.64,
SD=0.69) than those who did not own a personal computer
(X =3.23, SD=0.70), t (100)=2.922, p=.004, Cohen’s d=0.58.
Similarly, students who owned a personal computer reported
significantly higher computer self-efficacy scores (X =3.67,
SD=0.50) than those without a personal computer (X =3.31,
SD=0.62), t (100)=3.201, p=.002, Cohen’s d=0.64. These
findings indicate that personal computer ownership was
associated with higher scores on both digital literacy and
computer self-efficacy.

Table 10. Comparison of students’ digital literacy and computer self-

efficacy scores according to personal computer ownership

Computer _
Variable ownership n X SD df t p Cohen’sd
Yes 58 3.64 .69
Digital literacy 100 2.922 .004* .58
No 44 3.23 .70
Yes 58 3.67 .50
Cf‘ﬁmputer el 100 3201 .002* .64
elncacy No 44 331 .62

Cohen’s d was calculated using the pooled standard deviation. *Significant at the p<.05 level. SD:

Standard deviation

Findings Regarding Frequency of Internet Use

The Kruskal-Wallis test examined whether students’” digital
literacy and computer self-efficacy scores differed according
to the frequency of internet use. Table 11 shows that the
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rank averages for digital literacy scores were similar across Table 13. Comparison of digital literacy scores of students and faculty
students who used the internet moderately, frequently and  EIERES
very frequently. The analysis therefore revealed no significant Rank Effect
difference between the groups (X?=0.167, p=.920). Variable Status n mean Total U p  sizer
Digital Student 102 55.15 5625.50 .

. s i 1 ] , 372.500 .027% 207

Table 11. Comparison of students’ digital literacy and computer self- literacy Faculty members 12 77.46 929.50

efficacy scores according to internet usage frequency

Variable Frequency n Rankmean df X* p
Medium 14 49.14
Digital literacy Frequent 50 51.18 2 .167 .920
Very frequent 38 52.79
Medium 14 46.79
Computer self-efficacy Frequent 50 53.41 2 591 .744
Very frequent 38 50.72

Similarly, computer self-efficacy scores did not differ
significantly based on internet usage frequency (X*=0.591,
p=.744). Although students who used the internet frequently
reported slightly higher rank averages, the differences
between the groups remained statistically insignificant.
Overall, internet usage frequency did not produce a significant
difference in students’ digital literacy or computer self-efficacy
levels.

Findings Regarding the Status of Computer-Related
Training

Table 12 shows that students who had received previous
computer-related training reported significantly higher
digital literacy scores (X =3.71, SD=0.61) than those who had
not received such training (X =3.34, SD=0.74), t (100)=2.455,
p=.016, Cohen’s d=0.52. Similarly, students with previous
computer-related training demonstrated significantly higher
computer self-efficacy scores (X =3.80, SD=0.49) than students
without such training (X =3.38, SD=0.58), t (100)=3.637,
p<.001, Cohen’s d=0.77. These findings indicate that previous
computer-related training was associated with higher levels
of both digital literacy and computer self-efficacy. The effect
size was moderate for digital literacy (Cohen’s d=0.52) and
moderate-to-large for computer self-efficacy (Cohen’s d=0.77).

Table 12. Comparison of students’ digital literacy and computer self-

Effect size r was calculated as |Z|/VN. *Significant at the p<.05 level

Table 14 shows a similar pattern for computer self-efficacy
scores. Faculty members again reported higher rank averages
than students, and the difference between the groups
reached statistical significance (U=362.000, p=.021, r=.216).
Accordingly, faculty members demonstrated significantly
higher computer self-efficacy levels compared to students.

Table 14. Comparison of scores for students’ and faculty members’
computer self-efficacy beliefs

Rank Effect

Variable Status n mean Total U p sizer
Student 102 55.05 5615.00

oo 362.000 .021% 216

self-efficacy gy ylty members 12 7833 940.00

Effect size r was calculated as |Z|/‘/ N. *Significant at the p<.05 level

Findings Regarding the Relationship Between Digital
Literacy and Computer Self-Efficacy Beliefs

Given the small faculty sample and the departure from
normality observed in computer self-efficacy scores,
Spearman’s rank-order correlation was used to examine
the relationship between digital literacy and computer self-
efficacy. As shown in Table 15, a weak positive but statistically
non-significant association was observed between the two
variables (p=.177, p=.583).

Table 15. Spearman’s rank-order correlation between digital literacy and

computer self-efficacy among faculty members
Variables n

12

Spearman’s p

P

Digital literacy-computer self-efficacy 177 .583

Spearman’s rank-order correlation was used because of the small faculty sample and the departure

from normality observed in computer self-efficacy scores

efficacy scores according to previous computer-related training

Receipt of _
Variable training n X SD df t p Cohen’sd
Yes 33 371 .61
Digital literacy 100 2.455 .016* .52
No 69 334 .74
Yes 33 3.80 .49
Computer 100 3.637 <001* .77
sell-etlicacy No 69 3.38 .58

Cohen’s d was calculated using the pooled standard deviation, *Significant at the p<.05 level. SD:

Standard deviation

Findings Regarding the Comparison of Digital
Literacy and Computer Self-Efficacy Levels Among
Faculty Members and Students

Table 13 presents the results of the Mann-Whitney U test
comparing the digital literacy levels of students and faculty
members. Faculty members obtained higher rank averages
than students, and the difference between the groups was
statistically significant (U=372.500, p=.027, r=.207). These
findings suggest that faculty members demonstrated higher
digital literacy levels than students.

Table 16 presents the relationship between students’ digital
literacy levels and computer self-efficacy beliefs. The analysis
revealed a strong positive and statistically significant
correlation between the two variables (r=.660, p<.001). In
other words, students with higher digital literacy levels also
reported stronger computer self-efficacy beliefs.

Table 16. The relationship between students’ digital literacy levels and
computer self-efficacy beliefs

Correlations Digital literacy Computer self-efficacy
r 1 .660**
Digital literacy p <.001
n 102 102
r .660** 1
Computer self-efficacy p <.001
n 102 102

*Significant at the p<.05 level

Multivariable Analyses

To examine whether the observed associations remained
after accounting for potentially interrelated participant
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characteristics, two multiple linear regression analyses
were conducted in the student sample. Gender, age, grade
level, personal computer ownership, frequency of internet
use, and previous computer-related training were entered
simultaneously as predictors.

As shown in Table 17, the overall model predicting digital
literacy was statistically significant, F (8, 93)=3.229, p=.003,
explaining 21.7% of the variance in digital literacy scores
(R*=.217; adjusted R*=.150). After simultaneous adjustment
for the other variables in the model, gender (p=-.247, p=.013),
personal computer ownership (f=-.246, p=.012), and previous
computer-related training (p=-.221, p=.026) remained
significantly associated with digital literacy. Female students
had lower adjusted digital literacy scores than male students,
while students without a personal computer and those without
previous computer-related training also had lower adjusted
scores. Age, grade level, and frequency of internet use were
not independently associated with digital literacy.

Table 17. Multiple linear regression analysis predicting digital literacy

among students

Predictor B B P

Gender (female vs. male) -0.365 -.247  .013*
Age (220 vs. 17-19 years) -0.066 -.046  .700
Grade level (year 2 vs. year 1) -0.314 -210 .072
Grade level (year 3 vs. year 1) -0.165 -.095  .483
Personal computer ownership (no vs. yes) -0.355  -246  .012*
Internet use (frequent vs. medium) 0.117 .081 .585
Internet use (very frequent vs. medium) 0.147  .099 .508
Previous computer-related training (no vs. yes) ~ -0.338 -221  .026%

Reference categories were male, 17-19 years of age, year 1, personal computer ownership, medium

internet use, and previous computer-related training. R*=.217; adjusted R*=.150. Overall model: F
(8, 93)=3.229, p=.003. *Significant at the p<.05 level

As presented in Table 18, the model predicting computer
self-eflicacy was also statistically significant, F (8, 93)=4.757,
p<.001, accounting for 29.0% of the variance (R*=.290; adjusted
R?=229). Gender (B=-.229, p=.015), personal computer
ownership ($=-.288, p=.002), and previous computer-related
training (B=-.290, p=.003) remained significantly associated
with computer self-efficacy after simultaneous adjustment.
Female students, students without a personal computer,
and students without previous computer-related training
had lower adjusted computer self-efficacy scores. Age, grade
level, and frequency of internet use were not independently
associated with computer self-efficacy.

Table 18. Multiple linear regression analysis predicting computer self-

efficacy among students

Predictor B [ P

Gender (female vs. male) -0.274 -229 .015*
Age (220 vs. 17-19 years) 0.075 .065  .568
Grade level (year 2 vs. year 1) -0.260 -215  .053
Grade level (year 3 vs. year 1) -0.087 -.062  .629
Personal computer ownership (no vs. yes) -0.337  -288  .002*
Internet use (frequent vs. medium) 0.221  .191 .180
Internet use (very frequent vs. medium) 0.155 .129  .365
Previous computer-related training (no vs. yes) -0.358 -290 .003*

Reference categories were male, 17-19 years of age, year 1, personal computer ownership, medium

internet use, and previous computer-related training. R’=.290; adjusted R?=.229. Overall model: F
(8, 93)=4.757, p<.001. *Significant at the p<.05 level

DISCUSSION

Digital technologies have become increasingly central to both
theoretical instruction and clinical training within dental
education. In this context, the present study examined the
digital literacy and computer self-efficacy levels of dental
students and faculty members. The results showed measurable
variation in digital literacy and computer self-efficacy scores
across students and faculty members, with faculty members
obtaining higher scores than students on both measures.
These findings should be interpreted on the basis of the
observed continuous scores rather than categorical levels, as
validated cutoff values for classifying these measures as low,
moderate, or high are not available. Similar observations
have been reported in previous studies emphasizing the
expanding role of online learning systems, digital simulations
and technology-enhanced educational applications in health
education settings.*?* In dentistry specifically, technologies
such as digital radiography systems, CAD/CAM applications
and intraoral scanners are no longer peripheral tools but
increasingly routine components of professional training and
clinical practice."

The digital literacy and computer self-efficacy scores observed
among students may be associated with the extent to which
digital technologies are embedded within contemporary
university life. Students today routinely engage with online
learning platforms, mobile applicationsand digital educational
resources throughout their academic experiences. Continuous
interaction with such technologies may be associated
with greater technological competence and confidence
regarding digital tool use. Previous studies have similarly
reported positive associations between sustained exposure
to digital learning environments and digital competence
and self-efficacy perceptions.”'” The present findings appear
particularly relevant in dental education, where students
increasingly encounter technology-intensive systems during
both pre-clinical and clinical training processes.***

Recent dental education research provides additional context
for these findings. Ceylan et al.*® reported a significant
positive relationship between digital literacy and perceived
professional competence among dental students, highlighting
the relevance of digital literacy to students’ perceptions of
their professional capabilities. More recently, Shooriabi et
al,”” using a DigComp 2.2-based assessment, found that
dental students demonstrated a heterogeneous profile of
self-perceived digital competence, with relatively stronger
perceptions in some technical and functional domains and
lower competence in higher-order domains such as critical
thinking, digital citizenship, and lifelong learning. Taken
together, these findings suggest that digital competence among
dental students should be considered a multidimensional
construct rather than being inferred solely from students’
routine exposure to digital technologies.

The study further revealed that faculty members demonstrated
higher levels of digital literacy and computer self-efficacy
than students. A similar pattern has been reported in recent
dental education research. Zahid and Agou®™ compared
dental students and faculty members and found that faculty
members demonstrated higher scores than students across
almost all domains of e-learning readiness, including
computer skills, online skills, and overall readiness. Although
e-learning readiness is conceptually distinct from digital
literacy and computer self-efficacy, these findings provide
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dental education-specific evidence that students and faculty
members may differ in their preparedness for technology-
supported educational environments. One possible
interpretation of the higher digital literacy and computer
self-efficacy scores observed among faculty members
may be considered within the Technological Pedagogical
Content Knowledge (TPACK) framework.” This framework
emphasizes the integration of technological, pedagogical, and
content knowledge in educational practice. Faculty members
may have greater opportunities than students to engage with
technology in teaching, research, and professional activities.
However, TPACK was not directly measured in the present
study; therefore, this framework is used only as a possible
theoretical perspective for interpreting the observed group
differences rather than as an explanation directly supported
by the study data. Faculty members may have opportunities
to engage with digital tools through teaching, research,
academic communication, and other professional activities;
however, the frequency and nature of such technology use
were not directly assessed in the present study.’>** From a
theoretical perspective, their higher scores may be consistent
with greater opportunities to engage with technological
and pedagogical practices; however, the present study did
not directly assess faculty members’ ability to integrate
pedagogical strategies with technological applications. From
the perspective of Bandura’s self-efficacy theory,* repeated
successful experiences in orchestrating technology-enhanced
learning environments serve as mastery experiences,
thereby reinforcing their beliefs regarding their capability
to perform technology-related tasks effectively. Accordingly,
potential explanations involving professional experience,
age, technology exposure, or pedagogical technology use
should be regarded as hypotheses for future research rather
than explanatory mechanisms established by the present
study.

In addition, the concept of digital pedagogical competence
may help explain the higher digital competence levels observed
among faculty members. Digital pedagogical competence
involves not only technical technology use but also the ability
to integrate digital tools into teaching and learning processes
effectively. Particularly after the rapid expansion of online and
hybrid education models, faculty members have been required
to adapt to technology-supported instructional approaches
more intensively. Similar findings have been reported in the
literature indicating that greater professional experience
with digital technologies is positively associated with digital
literacy and self-eflicacy beliefs.®” Nevertheless, the relatively
high digital competence levels observed among students also
suggest that contemporary students are increasingly familiar
with digital technologies prior to entering higher education.

One of the most notable findings of the present study is the
significant positive relationship identified between digital
literacy and computer self-efficacy among students. This
finding supports theoretical perspectives suggesting that
digital competence and self-efficacy are mutually reinforcing
constructs.”® According to self-efficacy theory, individuals
who successfully perform technology-related tasks develop
stronger beliefs regarding their ability to use technology
effectively.* Similarly, individuals with high levels of self-
efficacy tend to engage more actively with digital technologies,
persist when encountering technological difficulties and
adapt more successfully to digital learning environments.”*

S

Accordingly, higher digital literacy may coexist with stronger
perceptions of computer self-efficacy, while greater confidence
regarding technology use may likewise be associated with
more extensive engagement with digital tools. However, the
cross-sectional nature of the present study does not allow the
direction of this relationship to be determined.

This finding is also consistent with previous studies reporting
positive relationships between digital literacy and computer
self-efficacy.”'* However, the current study contributes to the
literature by examining this relationship specifically within
dental education. In dentistry, students are increasingly
expected to use digital diagnostic systems, simulation
technologies and technology-supported clinical applications
throughout their education and professional practice.
Therefore, digital literacy and computer self-efficacy may be
important competencies associated with students’ readiness
to engage with contemporary clinical technologies and
technology-supported professional environments.

Male students reported higher levels of digital literacy and
computer self-efficacy than female students in the unadjusted
comparisons. Importantly, the multivariable analyses showed
that gender remained significantly associated with both digital
literacy (B=-.247, p=.013) and computer self-efficacy (f=-.229,
p=.015) after adjustment for age, gradelevel, personal computer
ownership, frequency of internet use, and previous computer-
related training. However, technology-related interests,
patterns of technology use, and other potentially relevant
psychosocial or contextual factors were not directly measured
in the present study. Therefore, these explanations should be
regarded as possible interpretations rather than mechanisms
demonstrated by the present data. Thus, the observed gender
differences could not be explained solely by differences in these
measured characteristics. Previous studies have suggested
that repeated exposure to technology-related experiences
can strengthen perceptions of technological competence and
self-efficacy.®® At the same time, these findings should be
interpreted cautiously. Recent research increasingly indicates
that gender-based differences in digital competence may be
narrowing as access to digital technologies and participation
in online learning environments become more widespread.*

However, recent evidence from dental education does not
consistently demonstrate gender-related differences in digital
competence. Shooriabi et al."” found no statistically significant
difference in overall self-perceived digital competence
between male and female dental students (p=.73), with a
negligible effect size (Cohen’s d=.05). Similarly, a large study
of undergraduate dental students examining ICT-related skills
and technology use reported no significant gender differences
in overall ICT skills or educational use of digital technologies.”
These findings contrast with the present study, in which
male students had higher digital literacy and computer self-
efficacy scores and gender remained independently associated
with both outcomes after adjustment for the other measured
characteristics. This discrepancy suggests that gender-related
patterns in digital competence may vary across institutional,
educational, and sociocultural contexts and should not be
assumed to represent a consistent characteristic of dental
students.

Although gender remained independently associated with
both outcomes in the adjusted analyses, this association
should not be interpreted as evidence of a causal effect of
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gender. Other unmeasured factors, including the nature and
quality of previous digital experiences, technology usage
patterns, socio-cultural influences, individual interest in
technology, and opportunities for engagement with digital
learning environments, may contribute to the observed
differences. The cross-sectional design of the present study
also precludes causal inference.

Within the context of dental education, this issue becomes
particularly important because contemporary dental training
increasingly requires all students, regardless of gender, to
engage actively with technology-intensive systems such as
digital imaging applications, virtual simulations, CAD/CAM
systems and computer-assisted treatment planning tools.***
Consequently, educational initiatives aimed at reducing
possible inequalities in digital competence development may
contribute to more equitable participation in technology-
supported clinical education processes.”® From this
perspective, minimizing gender-based disparities in access to
and use of digital technologies may support more inclusive
and sustainable professional training environments.*

No significant differences were identified between the
17-19-year-old and >20-year-old student groups in terms of
digital literacy or computer self-efficacy. This result may be
related to the relatively similar digital experiences shared by
contemporary university students. Regardless of age, students
are now routinely exposed to online learning systems,
mobile technologies and digital communication platforms
throughout their education. As a result, age may no longer
functionasastrongdifferentiating factor in technology-related
competence within higher education environments. Similar
findings have been reported in previous studies suggesting
that digital technologies have become integrated into the
everyday educational experiences of younger generations.'*’
Accordingly, age-related differences in digital competence
may have become less pronounced compared with previous
periods." In contemporary higher education settings, access
to digital technologies and routine engagement with online
platforms may contribute to more homogeneous levels of
digital experience among students.*?

This finding is consistent with several previous studies
reporting that age does not necessarily create significant
differences in digital literacy or computer self-efficacy among
university students.'” Nevertheless, some studies have argued
that older individuals may experience greater difficulties
in adapting to emerging technologies.’ The absence of
significant age differences in the current study may therefore
be explained by the relatively homogeneous age distribution of
the participants and their similar exposure to digital learning
environments within higher education.

Recent dental education research provides further support for
theabsenceofaclearage-related pattern. Shooriabietal."” found
no statistically significant difference in overall self-perceived
digital competence among dental students according to age.
This dental education-specific finding is consistent with the
present results, in which neither the unadjusted comparisons
nor the multivariable analyses identified a significant
association between age and digital literacy or computer self-
efficacy. Nevertheless, given the relatively restricted age range
of the present sample, these findings should not be interpreted
as evidence that age is unrelated to digital competence across
broader or more age-diverse dental populations.

From the perspective of health education, this finding may
indicate that digital competence is increasingly becoming
a universal educational requirement rather than an age-
dependent skill.**** Particularly in dental education, students
are expected to utilise digital systems actively regardless of
age due to the increasing prevalence of technology-supported
diagnostic and clinical applications.”” Consequently,
initiatives aimed at improving digital competence should be
designed inclusively to address all student groups.

The multivariable findings further supported this pattern,
as age was not independently associated with either digital
literacy (B=-.046, p=.700) or computer self-efficacy (B=.065,
p=.568) after adjustment for the other measured demographic
and technology-related characteristics.

In the unadjusted analysis, students’ computer self-efficacy
differed significantly according to grade level, with third-
year students reporting higher levels than the other grade
groups. One possible theoretical perspective for interpreting
this pattern is Situated Learning Theory proposed by Lave
and Wenger.** Although situated learning was not directly
measured in the present study, this framework may help
contextualize the observed grade-level pattern. As students
progress through dental education, they increasingly
encounter dental-specific digital systems, such as CAD/
CAM technologies, intraoral scanners, and digital imaging,
within authentic or simulated professional contexts.”?* Such
experiences may transform abstract technological knowledge
into applied professional competence. Repeated interaction
with these technologies may also provide mastery experiences
that contribute to stronger computer self-efficacy beliefs,
consistent with Bandura’s theoretical framework.** Previous
research has similarly suggested that greater practical
experience with technology may contribute positively to
computer self-efficacy.®’

However, the multivariable analysis provided a more nuanced
interpretation of this finding. After adjustment for gender,
age, personal computer ownership, frequency of internet use,
and previous computer-related training, grade level was no
longer independently associated with computer self-efficacy.
Thus, although greater exposure to professional technologies
among upper-year students may plausibly contribute to the
pattern observed in the unadjusted analysis, the findings do
not support interpreting grade level itself as an independent
factor. Rather, the initial grade-level difference may partly
reflect differences in students’ broader technology-related
experiences and access.

Recent evidence from dental education also suggests that
academic progression may not necessarily correspond to
higher overall digital competence. Shooriabi et al.”” reported
no statistically significant differences in overall self-perceived
digital competence across academic years among dental
students. Although the construct assessed in that study is not
identical to computer self-efficacy, its findings reinforce the
need for caution when interpreting year-of-study differences
as evidence of progressive development in technology-related
competence. In the present study, this caution is particularly
important because the unadjusted difference in computer
self-efficacy was not retained after adjustment for other
demographic and technology-related characteristics.

No significant grade-level difference was observed for digital
literacy in the unadjusted analysis, and grade level likewise
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showed no independent association with digital literacy in
the multivariable model. This may suggest that students
enter university with a relatively established baseline of
digital competence, given the extensive integration of digital
technologies into their everyday and educational lives.***
Taken together, these findings indicate that progression
through dental education should be considered alongside
students’ access to technology and previous technology-
related learning experiences rather than as an isolated
determinant of digital competence.

Another important finding of the study was that students
who owned personal computers demonstrated significantly
higher levels of digital literacy and computer self-efficacy in
the unadjusted comparisons. Importantly, personal computer
ownership remained significantly associated with both digital
literacy (p=-.246, p=.012) and computer self-efficacy (p=-
.288, p=.002) after adjustment for gender, age, grade level,
frequency of internet use, and previous computer-related
training. This finding highlights the potential relevance
of access to technology in relation to digital competence.”
Students who own personal computers may have greater
opportunities for autonomous learning, repeated practice, and
continuous interaction with digital environments.” According
to self-efficacy theory, repeated successful experiences with
technology may contribute to stronger beliefs regarding one’s
technological capabilities.’® Therefore, regular engagement
with digital tools may support both digital literacy and
perceptions of computer self-efficacy.

The literature similarly suggests that access to digital
technologies contributes positively to digital competence
development.** The persistence of the association with
personal computer ownership after multivariable adjustment
suggests that access to a personal computer may represent
an important correlate of digital competence within this
sample, beyond the other measured demographic and
technology-related characteristics. However, because of
the cross-sectional design, this association should not be
interpreted causally. This issue may be particularly relevant
within dental education because of the increasing reliance on
digital technologies in both theoretical and clinical training.
Applications such as digital radiography systems, virtual
simulations, digital patient management platforms, and three-
dimensional modelling software often require continued
engagement with digital devices outside classroom settings.
Therefore, limited access to personal digital technologies
may restrict opportunities to develop digital competence and
technology-related confidence.

Dental education-specific evidence also suggests that
prior experience with digital technologies may be relevant
to students’ engagement with digital workflows. In an
undergraduate digital dentistry training module involving
intraoral scanning and computer-aided design, students with
previous CAD experience demonstrated better performance
in CAD task completion and intraoral scanning than students
without such experience.”” Although prior CAD experience is
not equivalent to personal computer ownership, this finding
provides additional context for the possibility that differences
in access to and experience with digital technologies may be
associated with students’ readiness to engage with technology-
intensive dental education.

S

Students who had received previous computer-related training
also demonstrated significantly higher levels of digital literacy
and computer self-efficacy in the unadjusted comparisons.
These associations remained statistically significant after
adjustment for the other measured characteristics, both for
digital literacy (B=-.221, p=.026) and computer self-efficacy
(B=-.290, p=.003). Thus, previous computer-related training
emerged as an important correlate of both outcomes even
when gender, age, grade level, personal computer ownership,
and frequency of internet use were considered simultaneously.

Nevertheless, this association should not be interpreted as
evidence that previous computer-related training caused
higher digital literacy or computer self-efficacy. Because
participation in such training was not experimentally
assigned, students with greater pre-existing interest in
technology, greater confidence in using digital tools, or more
previous technology experience may have been more likely
to participate in computer-related training. Therefore, the
direction of the observed association cannot be established
from the present cross-sectional data.

This finding highlights a potentially important association
between previous technology-based educational experiences
and digital competence.* Previous research has suggested that
computer-related training may be associated with stronger
problem-solving abilities in digital environments, lower
technology-related anxiety, and greater confidence regarding
technology use.”*® From the perspective of self-efficacy theory,
structured learning experiences and repeated successful
interactions with technology may function as mastery
experiences that reinforce individuals’ beliefs regarding their
technological capabilities.*

Recent dental education research provides more specific
support for the educational relevance of structured exposure
to digital technologies. Nassani et al."* reported significant
improvements in dental students perceived knowledge and
skills following a CAD/CAM educational exercise, while Liu
et al.'® found improvements in theoretical knowledge and
practical performance following the integration of intraoral
scanning and digital analysis tools into a dental training
model. Research on full digital workflows has also indicated
that students with previous CAD experience may demonstrate
better performance in digital tasks such as CAD procedures
and intraoral scanning.** Although these studies examined
specific digital dentistry interventions and prior digital
experience rather than the broader computer-related training
variable assessed in the present study, collectively they
support the educational relevance of structured and repeated
exposure to digital technologies within dental curricula.

Within dental education specifically, this finding has
considerable importance because contemporary dental
practice increasingly depends on technology-supported
diagnostic and clinical systems. The growing use of CAD/
CAM systems, digital radiography, virtual simulation
technologies and digital patient records requires dental
students to develop advanced digital competencies during
their education.”?* Therefore, expanding practical digital
competence training within dental curricula may contribute
significantly to students’ professional readiness and
technological adaptability.***

In contrast, frequency of internet use was not significantly
associated with either digital literacy or computer self-efficacy
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in the unadjusted analyses. This pattern was also supported by
the multivariable analyses, in which frequency of internet use
was not independently associated with either outcome after
adjustment for gender, age, grade level, personal computer
ownership, and previous computer-related training. These
findings suggest that the frequency of internet use alone may
be less relevant to digital competence than the nature and
purpose of technology engagement. In other words, greater
frequency of internet use may not necessarily translate
into more advanced digital skills or stronger confidence in
computer use.

Recent dental education research provides further support
for this interpretation. Shooriabi et al.”” found no statistically
significant differences in overall self-perceived digital
competence among dental students according to the duration
of daily internet use. This finding is consistent with the present
results and suggests that the amount of time spent online may
not, by itself, reflect the quality or educational relevance of
students’ digital engagement. Indeed, frequent use of digital
technologies does not necessarily imply competence across
more complex domains such as information evaluation,
critical thinking, digital content creation, or responsible
participation in digital environments."

Among faculty members, Spearman’s rank-order correlation
indicated a weak positive but statistically non-significant
association between digital literacy and computer self-efficacy
(p=.177, p=.583). This finding differs from the strong positive
association observed among students. However, the faculty
result should be interpreted with considerable caution because
the faculty group was small (n=12), which substantially
limits statistical power and the precision of the estimated
association. In addition, the relatively homogeneous digital
competence levels observed among faculty members may
have restricted variability and, consequently, the ability to
detect an association between the two constructs. It is also
possible that faculty members’ professional technology use is
associated with institutional responsibilities and occupational
requirements rather than with individual self-efficacy
perceptions alone.*? Therefore, the absence of a statistically
significant association in this small faculty group should not
be interpreted as evidence that digital literacy and computer
self-efficacy are unrelated among faculty members. Future
studies with larger faculty samples are needed to examine this
relationship more reliably.

Overall, the findings of the present study suggest that digital
literacy and computer self-efficacy are closely interconnected
among dental students, consistent with previous research
on the relationship between digital competence and self-
efficacy.” The increasing integration of technology into dental
training and clinical practice makes digital competence
an essential component of professional preparation.*
Therefore, educational environments that support students’
active engagement with digital technologies may contribute
not only to the development of digital literacy but also
to stronger self-confidence regarding technology use.” In
this regard, expanding technology-supported learning
environments, simulation-based instructional practices and
practical digital competence training within dental education
programmes may support both academic achievement and
professional readiness in increasingly digitalised healthcare
environments.***

This study examined the digital literacy levels and computer
self-efficacy beliefs of dentistry students and faculty members
within the context of higher education. Furthermore, the
study contributes to the growing body of literature examining
digital competence within health and dental education.”

While age, grade level, and frequency of internet use were
not independently associated with either outcome in the
multivariable analyses, gender, personal computer ownership,
and previous computer-related training remained significantly
associated with both digital literacy and computer self-
efficacy. These findings highlight the potential relevance of
technology access and prior structured technology-related
learning experiences to students’ digital competence, while
also indicating that the observed associations should not be
interpreted causally. Furthermore, faculty members exhibited
significantly higher levels across both variables compared
with students; however, given the observational design and
the small faculty sample, this group differences should be
interpreted as associations rather than consequences of
professional or pedagogical technology engagement.*

Implications for Dental Education

The findings of the present study have several important
implications for dental education. First, the results suggest
that digital competencies should be integrated more
systematically into undergraduate dental curricula rather
than being addressed through isolated technology-related
courses. The increasing use of digital radiography systems,
CAD/CAM applications, virtual simulations and digital
patient management systems within contemporary dentistry
requires students to develop not only technical knowledge
but also confidence regarding technology use. Therefore,
embedding technology-supported learning experiences into
both theoretical and clinical training processes may contribute
to stronger digital literacy and computer self-efficacy among
dental students. From a theoretical perspective, Situated
Learning Theory proposed by Lave and Wenger* may
provide a useful framework for considering how authentic
engagement with professional digital technologies could
support digital competence development. However, situated
learning processes were not directly assessed in the present
study, and this interpretation should therefore be regarded as
a theoretically informed implication rather than an empirical
finding of the study.

Recent dental education research reinforces the need for more
systematic curricular integration of digital technologies.
Mwogosi et al*® identified substantial gaps in digital
competency, infrastructure, and structured digital training
within dental education and emphasized the combined
importance of institutional readiness, faculty development,
technological infrastructure, and student competency
development. Similarly, recent evidence from clinical-year
dental students indicates strong interest in digital dentistry
alongside perceived insufficiency in existing curricular
coverage, further supporting the need for structured and
progressive integration of digital technologies throughout
dental education.”” These findings provide contemporary
dental education-specific support for moving beyond isolated
exposure toward more systematic and competency-oriented
digital training.

The findings also highlight the importance of supporting
continuous digital pedagogical development among faculty
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members. This implication is supported by recent dental
education evidence demonstrating persistent limitations
in faculty training for digital technologies. Mwogosi et
al.*® reported limited formal digital training among dental
educators and identified faculty development as a central
component of effective and sustainable digital integration
in dental education. In this regard, Wenger’s concept of
Communities of Practice®® may provide a valuable framework
for fostering collaborative professional learning, knowledge
sharing and sustainable technology integration within
dental education environments. Because Communities of
Practice was not directly examined in the present study, this
framework is proposed as a potential approach for future
faculty development rather than as an explanation empirically
tested by the current data. Creating collaborative learning
communities among faculty members may encourage the
exchange of technological experiences, strengthen digital
pedagogical competencies and support the effective adaptation
of emerging educational technologies into teaching practices.

Another important implication concerns equitable access
to digital technologies. The findings demonstrated that
personal computer ownership and prior computer-related
training were positively associated with both digital
literacy and computer self-efficacy, and these associations
remained statistically significant after adjustment for the
other measured characteristics. The second-level digital
divide framework® may provide one possible theoretical
perspective for interpreting the observed associations
between technology access, previous computer-related
training, and digital competence. This framework emphasizes
inequalities not only in access to digital technologies but also
in the skills, experiences, and opportunities required to use
these technologies effectively. However, the dimensions of
the digital divide were not directly measured in the present
study; therefore, this framework is used only to contextualize
the findings rather than as an empirically tested explanation.
Therefore, universities should implement supportive policies
aimed at reducing inequalities in digital competence
development and expanding students’ opportunities to
engage with technology-supported learning environments
both inside and outside the classroom.

This implication is also supported by dental education-
specific evidence. Bayazit and Oztiirk Bayazit™ reported that
oral and dental health students with limited access to the
internet and personal digital devices experienced particular
difficulties with distance education and emphasized the
importance of identifying and addressing digital inequalities
among learners. More recent evidence from dental training
institutions has likewise demonstrated disparities in access
to digital infrastructure and digital tools across institutional
settings.*® Together, these findings reinforce the importance
of considering equitable access alongside skills and training
when planning the digital transformation of dental education.

Finally, future research should examine digital literacy and
computer self-efficacy within larger and more diverse samples
across different dental schools and educational contexts.
Mixed-methods studies incorporating qualitative data may
also provide a deeper understanding of how students and
faculty members experience technology integration within
dental education and how these experiences are associated
with professional readiness in increasingly digitalized
healthcare environments.

D
Limitations

Several limitations should be considered when interpreting
the findings of this study. First, the study was conducted at
a single institution, which may limit the generalizability
of the findings to dental students and educational settings
with different institutional, curricular, or technological
characteristics. Although the study aimed to reach the entire
eligible student and faculty populations at the institution,
the findings remain specific to this institutional context.
In addition, although all faculty members employed at the
institution participated in the study, the absolute size of the
faculty group was small (n=12) because the faculty of dentistry
was newly established at the time of data collection. This small
group size limits the statistical power of analyses involving
faculty members, particularly correlation analyses; therefore,
findings pertaining to this group should be regarded as
exploratory and interpreted cautiously.

Second, because the institution had not yet established fourth-
and fifth-year cohorts, the student population consisted
exclusively of first-, second-, and third-year students.
Consequently, the findings, particularly those concerning
grade level, cannot be generalized to senior dental students,
who may have greater exposure to clinical practice and digital
dental technologies.

Third, both digital literacy and computer self-efficacy were
assessed using self-report instruments. Accordingly, the
responses may be subject to self-report bias, including
differences in participants’ perceptions of their own
competencies, and may not necessarily reflect objectively
demonstrated  digital skills or  technology-related
performance. In addition, the instruments used in the present
study were originally developed and validated in educational
populations other than dental students and faculty members.
Although internal consistency was assessed in the present
sample, the applicability and measurement properties of these
instruments specifically within dental education populations
require further investigation. More specifically, although the
Digital Literacy Questionnaire demonstrated high internal
consistency in the present sample, this finding provides
evidence of reliability rather than construct validity. Because
this instrument was originally developed for prospective
teachers and its construct validity has not been specifically
established among dental students or dental faculty members,
findings derived from this instrument should be interpreted
with this measurement limitation in mind.

Fourth, the cross-sectional design of the study limits causal
interpretation of the observed associations. Although
multivariable analyses were conducted to account for
potential confounding among gender, age, grade level,
personal computer ownership, frequency of internet use, and
previous computer-related training, residual confounding
due to unmeasured factors cannot be excluded. Therefore, the
adjusted associations identified in the present study should
not be interpreted as evidence of causal relationships.

Finally, a relatively large number of statistical comparisons
were conducted across demographic and technology-related
characteristics. Because these analyses were exploratory,
no formal adjustment for multiple testing was applied.
Consequently, an increased risk of type I error cannot be
excluded, particularly for findings with p-values close to
the conventional significance threshold. These findings
should therefore be interpreted cautiously and confirmed in
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future studies using larger samples, prospectively defined
hypotheses, and confirmatory analytical approaches.

CONCLUSION

This study examined digital literacy and computer self-efficacy
among dental students and faculty members and explored
their relationships with demographic and technology-related
characteristics. Digital literacy and computer self-efficacy
were strongly and positively associated among students,
whereas no statistically significant association was identified
among faculty members; however, the latter finding should
be interpreted cautiously because of the small faculty
sample. The multivariable findings showed that gender,
personal computer ownership, and previous computer-
related training remained significantly associated with both
digital literacy and computer self-efficacy after adjustment
for the other measured characteristics. In contrast, age, grade
level, and frequency of internet use were not independently
associated with either outcome. These findings suggest
that access to digital technologies and previous structured
technology-related learning experiences may be particularly
relevant when considering students’ digital competence
and confidence in technology use. Nevertheless, because
of the cross-sectional design, these associations should not
be interpreted as causal relationships. From an educational
perspective, the findings support providing dental students
with equitable opportunities to access digital technologies
and participate in structured technology-supported learning
experiences throughout their education. Future multicentre
and longitudinal studies with larger student and faculty
samples are needed to clarify the factors associated with
digital competence and to examine how these competencies
develop over the course of dental education.
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ABSTRACT

Articulators are mechanical or digital devices that simulate

mandibular movements and reproduce maxillomandibular

relationships in prosthodontic procedures. Throughout prosthodontic history, articulators have evolved from simple hinge
devices to fully adjustable mechanical and virtual systems. This narrative review summarizes conventional and digital articulator
systems, with emphasis on their clinical indications, limitations, and relevance to contemporary prosthodontic workflows.
Mechanical articulators remain useful for diagnostic mounting, treatment planning, and laboratory communication; however,
they cannot fully reproduce patient-specific neuromuscular control, tissue resilience, tooth mobility, or dynamic occlusion.
Digital facebows, mandibular motion analyzers, computer-aided design/computer-aided manufacturing (CAD/CAM) systems,
and virtual articulators may improve data integration and visualization, but their clinical value depends on the quality of input
records, software compatibility, cost, and clinician experience. A critical understanding of each system is therefore necessary
for selecting an articulator according to treatment complexity, occlusal risk, vertical dimension changes, and the need for

individualized mandibular movement simulation.

Keywords: Dental occlusion, mandibular movement, temporomandibular joint, jaw relation record, computer-aided design,

computer-aided manufacturing

INTRODUCTION

Articulators are mechanical devices designed to mimic all
or part of jaw movements, to which upper and lower models
can be attached, and which can represent the jaws and
temporomandibular joint (TM])." They are used for diagnosis,
treatment planning, prosthesis fabrication, and laboratory
communication. For accurate prosthodontic treatment, the
movements and positional relationships of the mandible must
be transferred and interpreted as reliably as possible.?

Although articulators may reproduce selected anatomical
and functional determinants of mandibular movement, they
should not be considered exact replicas of the stomatognathic
system. Muscles, ligaments, the TM]J, bone, connective
tissues, neuromuscular adaptation, tissue resilience, and tooth
mobility cannot be fully reproduced in mechanical devices.**
Therefore, the value of an articulator depends not only on its
mechanical complexity but also on the accuracy of clinical
records and the clinician’s ability to interpret its limitations.

Historically, before the first mechanical articulator attributed
to Gariot in 1805, plaster occludators were used to preserve
horizontal and vertical relationships between casts.” Since
then, articulators have evolved from simple hinge devices
to semi-adjustable, fully adjustable, and virtual systems.
The current clinical question is not whether one articulator

*Corresponding Author: Oguzhan Kaya, o.kaya@firat.edu.tr
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is universally superior, but which system provides sufficient
accuracy and practicality for a specific treatment scenario.

CLINICALROLE AND INHERENT LIMITATIONS
OF CONVENTIONAL ARTICULATORS

The clinical value of conventional articulators lies
transferring maxillomandibular relationships to a stable
laboratory setting, reducing chairside adjustments, and
improving communication between the clinician and the
dental technician. Nevertheless, their limitations must be
interpreted critically. Increasing mechanical complexity does
notautomatically improve clinical outcome if facebow transfer,
interocclusal records, cast mounting, or occlusal analysis
are inaccurate.*® These clinical benefits and limitations are
summarized in Table 1.

in

ARTICULATOR RECORDS AND CLASSIFICATION

Traditional classifications of articulators are based on the type
of mandibular movement reproduced, the records accepted
by the device, and the degree of adjustability. Instead of
presenting long historical lists of device names, the clinically
relevant distinction is whether the articulator can accept
facebow transfer, interocclusal records, graphic records,
and patient-specific movement information.”’® A clinically
oriented classification is presented in Table 2.

@ G) @@ This work is licensed under a Creative Commons Attribution 4.0 International License.
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Table 1. Clinical value and limitations of conventional articulators

Clinical aspect Potential benefit

. . . Static
Permits extraoral evaluation of occlusion and . N
neuromuscular adaptation or tissue

resilience

Diagnostic mounting jaw relations

Allows occlusal adjustments and wax-up/

Laboratory procedures ./ 2 tion design without the patient present

Mandibular movement

simulation intercondylar distance

May reduce chairside occlusal adjustments
when the selected system matches the clinical
problem

Clinical efficiency

Main limitation

Errors
deformation, mounting inaccuracies,
and articulator instability

Complex systems require additional
time, cost, and operator skill

Clinical implication

casts  cannot  reproduce

Useful for planning, but intraoral verification
remains necessary

may arise from record

Accurate records and careful mounting are
as important as articulator type

Higher-level articulators can approximate Mechanical pathways remain simplified Semi- or fully adjustable devices are more
condylar guidance, Bennett movement, and compared with
functional movement

patient-specific justified in extensive rehabilitations than in
simple single-unit treatments

| Selection  should  balance accuracy,
practicality, treatment extent, and clinician
experience

Table 2. Clinically oriented classification of conventional articulators

Articulator category Records commonly required Strengths
Centric relation or maximum

Sihegpllelimmore e amaiion: intercuspation record only

Average condylar/incisal settings;
usually no individualized dynamic
records

Mean-value articulators

More functional than hinge articulators and individualization and
practical for simple prosthetic procedures

Limitations/appropriate use

Inexpensive, rapid mounting, suitable for Cannot orient casts to the TMJ or simulate
limited procedures when eccentric contacts eccentric movements; not appropriate for
are not being developed

complex occlusal rehabilitation

Uses values; limited
limited relevance
when anterior guidance is absent or vertical

dimension is changed

population-based

Allows adjustment of condylar inclination,

Facebow transfer and protrusive/ Bennett

Semi-adjustable articulators lateral interocclusal records

angle, and
parameters;

selected guidance Movements are still mechanically simplified;
useful for routine fixed/ record quality strongly influences accuracy

removable prosthodontics

Kinematic facebow, pantographic/
graphic records, and interocclusal
records

Fully adjustable articulators

Depends on the chosen category

Arcon/non-arcon design and mounting protocol

Allows the highest level of individualization
among mechanical systems

Arcon design resembles the anatomical
relationship of condyle and fossa; non-arcon
designs may provide simpler centric locking

Technique»sensitive, time-consuming,
and rarely necessary for simple cases; best
reserved for complex occlusal rehabilitation

Evidence is not uniform regarding clinical
superiority; the operator must understand
how design affects vertical dimension
changes and lateral movement interpretation

TM]J: Temporomandibular joint

ARCON AND NON-ARCON DESIGNS

Arcon and non-arcon articulators differ in the location
of the mechanical condylar and fossae elements. In arcon
articulators, the mechanical fossae are located on the upper
member, approximating the anatomical relationship of the
glenoid fossae to the cranium. In non-arcon systems, the
arrangement is reversed.'"'® The literature does not support
a simple assumption that one design is always superior;
rather, the clinical effect depends on record accuracy, vertical
dimension changes, and the intended restorative procedure.
Goyal et al.”” reported different sagittal condylar guidance
values between arcon and non-arcon articulators, whereas
previous reports have also noted comparable condylar
guidance or improved mandibular movement representation
with arcon devices.'®?° The main clinical differences between
the two designs are summarized in Table 3.

CLINICAL SELECTION OF ARTICULATORS

Articulator selection should be guided by four variables: the
patient’s occlusal characteristics, the extent of restorative

treatment, the limitations of the device, and the clinician’s
skill.'®2>2> Simple or mean-value articulators may be
acceptable when restoring a single unit or when stable anterior
guidance is present. Semi-adjustable articulators are generally
more appropriate for routine fixed prosthodontics, balanced
complete denture arrangements, and removable partial
dentures. Fully adjustable articulators are most justified
when extensive fixed prostheses, full-mouth rehabilitation,
major occlusal adjustment, or vertical dimension changes
are planned. The most sophisticated device may still lead to
inaccurate outcomes if clinical records are poor; conversely, a
semi-adjustable articulator used by an experienced clinician
may outperform a fully adjustable device used without proper
records.

FACEBOW RECORDS: EVIDENCE AND
CLINICAL INDICATIONS

A facebow records the spatial relationship of the maxillary
arch to selected cranial reference points and transfers this
relationship to the articulator.! Although prosthodontic

Table 3. Comparative clinical interpretation of arcon and non-arcon articulators

Design feature Arcon articulator

Condylar elements are on the lower
member and fossae on the upper
member

Anatomic analogy

Non-arcon articulator

Clinical interpretation

Condylar elements are generally on the Arcon design is more intuitive for demonstrating
upper member

mandibular movements

Condylar guidance settings are less Changes in vertical dimension may Arcon systems may be advantageous when vertical

Vevittedl dhimsilon deiien s by opening the articulator require greater caution or readjustment dimension is altered

Upper and lower members can More compact assembly and simpler Ease of laboratory handling must be balanced

Laboratory handling often be separated easily centric locking against maintenance of centric relation

Some studies report more accurate Some reports suggest similar condylar Selection should not rely on design alone; records,

Evidence-based selection " " - P y L
movement representation guidance values calibration, and clinician skill are decisive
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teaching has traditionally emphasized facebow use, clinical
evidence is mixed.”* In extensive fixed restorations, full-
mouth rehabilitation, or cases involving alteration of vertical
dimension, facebow records may be more defensible because
errors in the arc of closure may be clinically relevant.’®*” For
complete dentures and occlusal splints, systematic review
evidence has not shown consistent superiority of facebow
transfer.”>?** The main facebow-related records and clinical
considerations are summarized in Table 4.

in a digital environment.”** It should be regarded as an
adjunctive diagnostic and planning tool rather than a complete
replacement for biological assessment. Virtual articulators
may incorporate average-value settings, semi-adjustable
mechanical parameters, or patient-specific movement data
from jaw tracking systems.’****¢ Their clinical utility is
greatest when data acquisition and transfer are standardized.
The principal data inputs and limitations of virtual approaches
are summarized in Table 5.

Table 4. Facebow records and evidence-based clinical use

Record/system Clinical purpose Advantages
Transfers the maxillary cast to an
Arbitrary facebow articulator using average hinge-axis

references

Kinematic facebow 3 . .
hinge axis more precisely

el feredboy motion data in a digital workflow

No facebow/simplified Uses
mounting

average  mounting
simplified jaw relation records

PANTOGRAPHIC AND DIGITAL RECORDS

Pantographs graphically record mandibular movement
pathways and provide information for articulator
adjustment.” In contemporary workflows, digital facebows
and jaw-motion tracking systems extend this concept by
integrating facial scans, intraoral scans, cone-beam computed
tomography (CBCT) data, and mandibular movement
records.’”?* Digitalization may reduce physical record storage,
improve repeatability, and facilitate communication; however,
accuracy is dependent on scanner calibration, registration
protocols, software alignment, and operator training.

Digital facebow techniques share a common principle: digital
facial data are aligned with intraoral or cast scan data to
determine the spatial position of the maxillary arch. Systems
and protocols vary, including the use of optical face scanners,
jaw tracking devices, intraoral scanners, photogrammetry,
and virtual mounting software.**** Therefore, current
evidence should be interpreted according to the specific
hardware/software combination rather than generalized to all
digital facebow systems.

VIRTUAL ARTICULATORS AND DIGITAL
OCCLUSAL ANALYSIS

A virtual articulator is software that simulates

maxillomandibular relationships and mandibular movements

Simple, widely taught, and useful for many
semi-adjustable articulator protocols

Limitations/evidence considerations

Skin and external reference points may be
unreliable; benefit for complete dentures and
splints is not consistently supported

Locates the transverse horizontal Provides more individualized axis transfer for Time-consuming and technique-sensitive; may be
fully adjustable systems

uncomfortable or unstable in edentulous patients

Aligns facial, intraoral, and/or jaw- Improves data storage, transfer, visualization, Requires scanners, software, calibration, and
and clinician-technician communication

interoperable data formats

or May be practical for simple cases and complete Less suitable when vertical dimension is altered or
dentures where evidence does not show clear full-arch fixed prostheses require individualized
superiority of facebow use

transfer

Earlier digital articulator designs and integrated craniofacial
movement models also demonstrate the broad range of virtual
simulation approaches.*”

Several studies suggest that full-arch digital impressions and
virtual interocclusal registration may provide clinically useful
data when appropriate software and scanning protocols are
used.”** However, virtual contacts should be interpreted
cautiously because scanner accuracy, matching algorithms,
mandibular recording errors, and data export formats can
affect the final occlusal design. The lack of a universal digital
format for mandibular movement transfer remains a relevant
limitation.*

CRITICAL COMPARISON OF
CONVENTIONAL AND DIGITAL SYSTEMS

The transition from mechanical to virtual articulators should
be understood as an expansion of available clinical tools
rather than a linear replacement. Mechanical articulators
are accessible, familiar, and adequate for many treatments,
whereas virtual systems can improve visualization, dynamic
occlusal assessment, and digital design integration. Yet digital
systems are not free of error; they shift the source of error
from stone casts and mechanical joints to scan accuracy,
registration algorithms, software compatibility, and clinician
training. In addition, adoption of fully digital workflows can
be influenced by the clinician’s learning curve.’® The major
comparative advantages and limitations of conventional and
digital systems are summarized in Table 6.

Table 5. Digital and virtual articulator approaches

Virtual approach/system Data input Potential benefit Main limitation

Mathematically simulated

Average or user-defined condylar and Easy integration with CAD/CAM design Relies on average values; cannot fully
articulator

incisal parameters and educational visualization represent individual mandibular dynamics

Jaw movement analyzer, pantographic/ Allows static and dynamic occlusal
dynamic records, intraoral scans, and contact analysis during mandibular
facial/CBCT data when available movement

Optical systems such as Optical tracking of mandibular Can visualize functional movement and Cost and
Modjaw or Freecorder BlueFox movement and digital model integration support dynamic occlusal mapping systems

May support three-dimensional
visualization of craniofacial structures
and jaw motion

Patient-specific virtual

Requires additional hardware, calibration,
articulator

and technical expertise

interoperability vary across

Radiographic data combined with

Radiation exposure, hardware requirements,
facial or mandibular tracking data

CBCT/4D-integrated systems and clinical indications must be justified

CBCT: Cone-beam computed tomography, CAD/CAM: Computer-aided design/computer-aided manufacturing
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Table 6. Critical comparison of conventional and digital articulator systems

S

System Main advantages

Low to moderate cost, familiar protocols, Limited simulation of dynamic occlusion,
physical handling of casts, compatibility potential mounting and material errors, inability to
reproduce tissue resilience and tooth mobility

Mechanical articulators
with many laboratory workflows

Practical balance between
individualization and efficiency; accepts
facebow and eccentric records

Semi-adjustable articulators

Highest mechanical individualization
and compatibility with pantographic
records

Fully adjustable mechanical
articulators

Digital storage, visualization, CAD/CAM Software/hardware cost, interoperability issues,
data-entry requirements, dependence on
scanner and motion-recording accuracy

Virtual articulators integration, potential dynamic occlusal

analysis, improved communication

Main limitations

Still mechanically simplified; depends heavily on
record accuracy

Complex, time-consuming, costly, and
technique-sensitive

Most relevant indications

Diagnostic mounting, routine fixed/
removable prosthodontics, complete
denture tooth arrangement

Routine crown/bridge work,
removable prostheses, balanced
occlusion arrangements

Full-mouth rehabilitation, major
vertical dimension alteration,
complex occlusal analysis

Digital prosthodontics, full-arch
digital workflows, complex treatment
planning, patient education

CAD/CAM: Computer-aided design/computer-aided manufacturing

CONCLUSION

Articulators remain important instruments in prosthodontics
because they allow the clinician and technician to evaluate
maxillomandibular relationships outside the oral cavity.
However, the clinical value of an articulator is determined by
the match between device capability, treatment complexity,
record accuracy, and clinician experience. Mechanical systems
remain suitable for many conventional procedures, while
digital facebows, jaw motion analyzers, and virtual articulators
provide additional opportunities for three-dimensional
visualization and individualized digital restoration design.
Current evidence supports a selective rather than universal
approach. Simple or mean-value articulators may be adequate
for limited procedures, semi-adjustable devices provide a
practical standard for routine prosthodontics, and fully
adjustable or virtual systems are most justified in complex
rehabilitations, vertical dimension changes, and workflows
requiring dynamic occlusal analysis. Future improvements in
sensor accuracy, software interoperability, and standardized
digital record transfer may further increase the role of virtual
articulators in routine prosthodontic practice.
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ABSTRACT

Calcium hydroxide, a commonly used intracanal medication in endodontic treatment, can lead to serious bone and soft tissue
damage if it is extruded uncontrollably. This case report describes the surgical management of extensive tissue necrosis resulting
from the extrusion of a calcium hydroxide paste containing barium sulfate. A fourteen-year-old female patient presented with
severe pain and diffuse, firm swelling in the posterior right mandibular region after root canal treatment. Cone beam computed
tomography revealed that the extruded material extended beyond the lingual cortex into the submandibular space, causing bone
destruction; however, the inferior alveolar nerve was spared. Surgical treatment included removal of the extruded material,
debridement of necrotic tissue, and extraction of the affected tooth. Histopathological examination revealed necrosis and a
foreign body reaction. No complications occurred during the postoperative period. This case demonstrates that serious tissue
destruction can occur even without nerve damage and highlights the importance of early surgical interventions.

Keywords: Calcium hydroxide extrusion, necrotic changes in bone tissue, complications related to endodontic treatment,

surgical debridement, inferior alveolar nerve

INTRODUCTION

Calcium hydroxide is an intracanal medication widely used
in endodontic treatments because of its potent antimicrobial
properties and high alkaline pH."* It is frequently preferred in
clinical practice because it reduces the microbial load in the
root canal system and contributes to periapical tissue healing.
However, if the material extends beyond the apical limits, it
can cause serious and, in some cases, irreversible damage to
the surrounding hard and soft tissues.’

The high pH level of calcium hydroxide (approximately
12.5) causes tissue necrosis through protein denaturation,
disruption of cell membrane integrity, and adverse effects on
microvascular circulation. This pathophysiological process
may manifest as pain, inflammation, ulceration, and delayed
healing. The literature reports that such complications are
most frequently associated with inferior alveolar nerve injury,
with neurosensory disorders such as paresthesia, dysesthesia,
and anesthesia being among the primary symptoms.®

However, current case reports indicate that significant bone
and soft tissue destruction can occur, despite the preservation
of nerve structures.® The potential for extruded material
to advance through anatomical spaces is considered a
determining factor in the extent of damage. The thinness of
the lingual cortex, particularly in the posterior mandibular

region, can facilitate the passage of materials into the
submandibular space. This study aims to present the surgical
treatment of bone and soft tissue necrosis extending to
the submandibular space due to extrusion of a calcium
hydroxide paste containing barium sulfate and to highlight
the importance of early diagnosis and an appropriate surgical
approach in such complications.

CASE

A 14-year-old girl in good general health presented to our
clinic with symptoms that developed following the application
of intracanal calcium hydroxide during an interim session
of root canal treatment initiated on the right mandibular
second molar (#47). The patient reported intense pain in
the right mandibular region that began shortly after the
procedure and increased in severity over time, accompanied
by firm and widespread swelling. The symptoms increased
significantly within the first 24-48 h, and sensitivity during
chewing and palpation became more pronounced (Figure
1). No findings suggestive of fever, systemic illness, or
systemic infection were observed in the patient. Panoramic
radiography revealed a radiopaque appearance around the
affected tooth, consistent with extruded material (Figure 2).
Cone-beam computed tomography revealed that the foreign
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body had penetrated the lingual cortical bone, causing bone
destruction in the mandibular basal region and extending
into the submandibular space (Figure 3). However, the
integrity of the inferior alveolar nerve canal was maintained.
Clinical neurosensory examination was performed using
light-touch, pin-prick, and two-point discrimination tests in
the distribution of the inferior alveolar and mental nerves. No
sensory deficits were detected at presentation. Based on the

clinical and radiographic findings, a preliminary diagnosis of

chemical tissue injury and osteonecrotic changes secondary
to extrusion of a calcium hydroxide paste containing barium
sulfate was made. Owing to the progressive nature of the
clinical picture, surgical treatment was planned. Under local
anesthesia, a lingual sulcular incision was made, and a full-
thickness mucoperiosteal flap was elevated (Figure 4). Local
anesthesia was achieved using 4% articaine with 1:100,000
epinephrine. Following flap elevation, extensive necrotic
soft tissue and devitalized bone were identified. The affected
soft tissues appeared grayish, nonviable, and lacked normal
vascularity, consistent with extensive soft tissue necrosis.
The clinical appearance was consistent with extensive
soft tissue necrosis, which was subsequently confirmed
by histopathological examination. The extruded calcium
hydroxide paste was carefully removed using surgical curettes
and copious saline irrigation. Debridement was continued
until viable bleeding bone and healthy soft tissue margins
were observed.

Figure 1. Firm swelling of the right mandible with facial asymmetry
secondary to paste extrusion

Figure 2. Radiopaque lesion in the right mandible consistent with extruded paste

Figure 3. Cone-beam computed tomography showing a hyperdense lesion in
the right mandible with surrounding bone necrosis

Figure 4. Intraoperative view of extruded paste following the sulcular incision

During surgical exploration, necrotic soft tissue and destructive
bone were observed. The extruded material was carefully
removed, and the necrotic tissue was debrided (Figure 5). Tooth
47, which had a poor prognosis, was extracted. Extraction
was considered necessary because of extensive surrounding
bone destruction, contamination by the extruded material,
compromised periodontal support, and the low likelihood of
predictable long-term functional preservation. The surgical site
was copiously irrigated with sterile saline and rifampicin solution
to remove residual foreign material and necrotic debris before
primary closure was achieved with sutures. Histopathological
examination revealed necrotic bone tissue, inflammatory cell
infiltration, and foreign body reactions. These findings support
the clinical diagnosis.

Figure 5. Extracted tooth No. 47 with the paste material removed
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In the postoperative period, the patient received amoxicillin-
clavulanic acid, nonsteroidal anti-inflammatory analgesics,
and chlorhexidine mouthwash. Detailed oral hygiene
instructions were provided, and the patient was closely
monitored for signs of infection, wound dehiscence, or
neurosensory complications.

The patient was followed up regularly, and no complications
were observed at the 1-week and 1-month follow-up visits
(Figure 6, 7).

Figure 6. Panoramic radiograph taken 1 week postoperatively showing
removal of the paste material

Figure 7. Cone-beam computed tomography at 1 month postoperatively
demonstrated bone healing

DISCUSSION

Although rare, calcium hydroxide extrusion can lead to
serious iatrogenic complications. The chemical burn effect,
resulting from a highly alkaline pH, causes coagulation
necrosis through protein denaturation and microvascular
damage.” Calcium hydroxide-induced tissue injuryis mediated
by multiple mechanisms, including cellular membrane
destruction, vascular thrombosis, protein denaturation, and
disruption of local blood supply. These effects may lead to
progressive soft tissue necrosis and osteonecrosis, particularly
when large volumes of material are extruded into confined
anatomical spaces. In the literature, the vast majority of these
complications have been associated with inferior alveolar
nerve injury.’ However, it is noteworthy that the nerve
structures were preserved in the present case.

Previously reported cases have generally described sensory
disturbances following extrusion into the inferior alveolar
canal, frequently requiring prolonged follow-up and, in some
instances, microsurgical intervention. Unlike those reports,
the present case was characterized by extensive osseous

S

and soft tissue necrosis without neurosensory impairment,
suggesting that tissue destruction may occur independently
of direct nerve injury.

Nevertheless, the significant bone destruction and
submandibular extension observed indicate that tissue
damageis notlimited to neurological findings. This highlights
the need for clinicians to consider that serious complications
can develop even without neurological findings. The ability
of the extruded material to spread through anatomical
spaces facilitates its extension into the submandibular space,
especially in the presence of lingual cortical perforation. This
suggests that mechanical spread, along with chemical toxicity,
playsarolein pathogenesis. Preservation of theinferioralveolar
nerve in this patient may be explained by the anatomical
pathway of material dissemination. CBCT imaging indicated
preferential spread through the lingual cortex toward the
submandibular space, thereby minimizing direct contact with
the neurovascular bundle. Although the exact mechanism of
extrusion could not be determined retrospectively, excessive
pressure during intracanal medicament placement and the
presence of an open apical pathway may have contributed
to displacement of the calcium hydroxide paste beyond the
root canal system. Similar mechanisms have been proposed
in previously reported cases of calcium hydroxide extrusion.”

Cone-beam computed tomography plays a significant role in
the diagnosis of this condition. Three-dimensional imaging
allows for detailed assessment of the location of the extruded
material, the direction of its spread, and its relationship with
vital anatomical structures. While a conservative approach
may be sufficient in cases with minimal symptoms, surgical
intervention is required in cases of progressive pain, the
presence of necrotic tissue, and spread into anatomical spaces.®
In the present case, progressive pain, cortical perforation,
extensive necrotic tissue formation, and extension into
the submandibular space constituted clear indications for
surgical intervention. Surgical debridement allows for the
control of inflammation by removing extruded materials and
eliminating necrotic tissues. This approach plays a critical role
in preventing the progression of complications of the disease.’
In the present case, a successful clinical outcome was achieved
with early surgical treatment. This supports the decisive
impact of early diagnosis and appropriate surgical approaches
on prognosis. Furthermore, the current literature shows that
delayed intervention in similar cases is associated with greater
tissue loss."

A limitation of the present report is the relatively short follow-
up period, which precluded assessment of long-term bone
remodeling and neurosensory outcomes.

CONCLUSION

Although calcium hydroxide is an effective and reliable
intracanal medication for endodontic treatment, it can lead to
serious jatrogenic complications in the event of uncontrolled
extrusion. This case demonstrates that significant bone and
soft tissue destruction can develop even when the inferior
alveolar nerve is preserved. Particular attention should
be paid to the proximity of anatomical structures in the
mandibular posterior region, and excessive pressure should be
avoided during medication administration. Early diagnosis,
use of appropriate imaging methods, and determination of
the correct treatment approach are critical for prognosis. In
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the presence of progressive symptoms and widespread tissue
damage, successful clinical outcomes can be achieved through
surgical debridement, removal of extruded material, and
elimination of necrotic tissue. Therefore, clinicians must be
aware that complications associated with calcium hydroxide
extrusion are not limited to neurosensory findings and should
be attentive to early intervention.
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