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Abstract
Purpose: This study aims to compare the effectiveness of theoretical and hands-on teaching methods in preclinical settings,specifically evaluating the impact of video conference training versus dental simulator-based training on clinical skills during thepreclinical phase, as well as assessing the effects of theoretical education versus practical application on learning outcomes.
Materials and Methods: This study is a prospective, randomized investigation comparing the contributions of video conferencetraining and Nissin dental simulator communication-based training methodologies to the practical training competence of dentalstudents at two different institutions. Participants were then randomly divided into two groups based on the learning style to beapplied. Each student was asked to respond to a questionnaire consisting of ten questions assessing changes in their learningcapacities before and after the training. The responses were subsequently compared within and between the two different learningstyles. Independent t-tests were conducted to compare the measurements between the universities, while paired t-tests wereapplied to evaluate the pre- and post-test scores of learning styles within each university.
Results: No statistically significant increase in learning outcomes was observed among students utilizing the video conferencelearning method at either institution. Conversely, students engaged in Nissin dental simulator communication-based teachingmethods demonstrated a statistically significant increase in learning outcomes, both compared to their prior performance and tothose receiving video conference training. While no differences were observed between the learning styles within eitherinstitution, students at Bolu Abant Izzet Baysal University exhibited a greater increase in learning outcomes compared to those atAnkara Yildirim Beyazit University, receiving video conference training.
Conclusions: This study demonstrates that preclinical dental simulation training is more effective than video-conference-basedinstruction in enhancing dental students’ knowledge of anatomy and anesthesia, as well as their clinical skills. These findingshighlight the importance of integrating simulation-based methodologies more extensively into dental curricula, particularly incontexts where traditional patient-centered learning opportunities are limited.
Keywords: Dental; Education; Simulation

Introduction

Learning is a lifelong process that involves acquiring new knowl-edge, values, and skills as a result of knowledge accumulation. Ed-ucation refers to the process carried out by an educator during aspecific period in life, primarily focused on imparting informa-tion. 1 Learning style encompasses behavioral characteristics thatlearners use as cognitive, affective, and psychological determinants,relatively stable in terms of perception, interaction, and responsewithin learning environments. 2 It has been suggested that a teach-ing process compatible with students’ learning styles fosters pos-itive behaviors towards instruction, enhances effective learning,and contributes to academic success. Assessing learning styles is

crucial for understanding how individuals learn and determiningthe appropriate design and environment for teaching. 3
Traditional education systems, where the educator instructs andthe student passively listens without feedback, are being replacedby learner-centered approaches that employ modern auditory andvisual educational tools, demonstrating how students can accessknowledge. 4 The one-on-one patient-centered training methodfor dental students plays a key role in skill acquisition. 5 Simulation-based modern medical and dental education methods have becomesignificant components of technology-assisted education. 6 Cur-rent and anticipated approaches to dental education have sparkedwidespread interest in clinical simulation, leading to a notable in-crease in the availability of experiential tools that mimic “real-life”
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clinical conditions. 7 Different simulation models used in dentaleducation include traditional laboratory mannequins mounted onmetal rods, contemporary simulation clinics, and virtual realityor computer-assisted simulation clinics. 8 Compared to traditionaleducational methods, existing simulation-based training systemsenhance learning by transitioning educational settings from tra-ditional classrooms to virtual environments, thereby increasingstudent engagement. Furthermore, these methods allow for the re-peated application and assessment of specific skills. 9 However, un-like conventional teaching methods, laboratory simulation trainingtends to be more expensive. 10 Therefore, it is essential not to con-fine education to theoretical and communicative processes alone; abalanced teaching design should integrate both synchronous andasynchronous simulation applications.
The hypothesis of this study was that dental simulator–basedtraining is more effective than video-conference–based theoreticalinstruction in enhancing both the knowledge and clinical skills ofdental students during the preclinical phase of dental education.Preclinical dental education provides the foundation for develop-ing clinical competence, especially in core areas such as anatomyand local anesthesia, which are vital for patient safety and effectivetreatment. The teaching strategies applied at this stage can greatlyaffect students’ readiness for clinical practice. Simulation-basedtraining allows students to build clinical skills without risk to pa-tients and supports the integration of theoretical knowledge withhands-on learning. Recent studies indicate that dental students findhaptic VR simulators highly beneficial for improving manual skillsand regard them as effective complements to traditional preclini-cal education. 11–15 However, only a limited number of studies havecompared the outcomes of simulator-based training with a physicaldental anesthesia model to video-conference–only teaching, par-ticularly regarding both knowledge and practical skill development.The aim of this study was to evaluate the comparative effectivenessof two different learning methods: theoretical instruction deliveredsolely through video conferencing, and practice-based instructionutilizing the Nissin dental simulator.

Material and Methods

Ethical approval was obtained from the Clinical Research EthicsCommittee of Ankara Yıldırım Beyazıt University (Approval no.475/48-2019). Conducted concurrently during the 2019-2020 aca-demic year at Ankara Yildirim Beyazit University and Bolu AbantIzzet Baysal University, the study involved preclinical third-yearstudents pursuing basic dental education. Written informed con-sent was obtained from all participants prior to their inclusion inthe study. All students first attended a 45-minute lecture coveringkey anatomical landmarks and anesthesia techniques (Table 1). Theintroductory lesson encompassed a brief demonstration of visualanatomy and direct examination of the anatomical points listed inTable 1. Following this, students underwent a multiple-choice test,with those achieving a score of 70 or above included in the study.Students possessing a shared foundational knowledge base wererandomly assigned to two study groups (Group A and Group B), eachconsisting of 40 participants, without discrimination based on thechosen training method (video conference-supported visual train-ing for Group A and Nissin dental simulator-based communicationtraining for Group B). In this study, students from two different uni-versities were divided into four groups to evaluate the effect of the-oretical and practical training on their learning of dental anesthesiatechniques. Group A comprised students whose learning outcomeswere assessed prior to receiving a theoretical video-conference-based training, whereas Group A’ included those whose knowledgewas assessed following the theoretical instruction. Group B con-sisted of students evaluated before receiving practical training us-ing a dental simulation model, while Group B’ comprised thoseassessed after completing the simulation-based practical training.

Table 1. Identifying the characteristics of anesthesia application tech-niques and evaluation of anatomical points in the multiple choice testexam
ANATOMIC LANDMARKS1-Foramen mandibularis2-Foramen p. majus3-Mental foramen4- Infraorbital foramen5-Foramen incisivus
IMPLEMENTATION CRITERIA1- Nervus alveolaris inferior2- Nervus maxillaris3- Nervus mentalis4- Nervus infraorbitalis5-Nervus incisivus
BASIC INJECTION TECHNIQUESAnatomical evaluation for local anesthesiaMaxillary anesthesia techniquesMandibular anesthesia techniques IMandibular anesthesia techniques II

Figure 1. A flowchart of the study design shows methodology

The flow chart of the study design has been added as Figure 1.
This study utilized a Nissin dental simulation model mounted onmetal rods (CAM SUG2005-UL-SP; Nissin Dental Products, Kyoto,Japan) (Figure 2). The simulators feature 32 anatomically shapedteeth and 11 anesthetic contact sensor points (seven in the upperjaw and four in the lower jaw), equipped with auditory and visualindicators confirming correct positioning and angle. Students inboth groups completed a pre- and post-training questionnaire con-sisting of ten questions measuring attitudes, knowledge, and skilllevels. Based on their learning outcomes, students were asked torespond using a 7-point Likert scale, ranging from 0 (very poor) to 7
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Figure 2. NISSIN Computer-Aided Dental Simulator

(very good), to express their opinions on anatomical formations, in-terpretation of anatomical regions, recognition of anesthesia tech-nique characteristics, and clinical skills based on the taught mate-rials (Table 2,3,4,5). Following the questionnaire, Group A receivedvideo conference training (computer-assisted visual training usingvisual slides), while Group B underwent Nissin dental simulatorsimulation-based training. Finally, students were asked to respondto the same ten questions post-training to assess changes in theirlearning outcomes and the differences between the two learningtechniques.

Statistical analysis

This study, aimed at examining the impact of two different learningstyles, specifically Video Conference and Nissin dental simulatorcommunication-based teaching methodologies across two univer-sities, calculated the sample size with a power of at least 0.80 anda Type I Error rate of 0.05. Descriptive statistics for continuousvariables were expressed as Mean, Standard Deviation, Minimum,and Maximum. Shapiro-Wilk (n<50) and Skewness-Kurtosis testswere used to determine whether the continuous measurement aver-ages were normally distributed, and parametric tests were applieddue to normal distribution. Independent T-tests were employed tocompare measurements between universities, while Paired T-testswere calculated for the pre- and post-scores of learning styles ap-plied separately at each university. A statistical significance level(α) of 5% was adopted, with calculations performed using SPSS(IBM SPSS for Windows, ver.24) statistical software (Table 6).

Results

Intra-University Comparison Results

At Ankara Yildirim Beyazit University, no statistically significantdifference was observed between Group A and Group A’ (pre- andpost-video conference training) scores (p>0.05). Likewise, no sig-nificant increase was noted in Group A’ (post-video conferencetraining) scores. However, a statistically significant change wasdetected between Group B and Group B’ (pre- and post-Nissin den-tal simulator simulation-based training) scores at Ankara Yildirim

Beyazit University (p<0.05), indicating a significant increase inGroup B’ scores. Furthermore, a statistically significant differencewas identified between Group A’ and Group B’ (post-video confer-ence training vs. post-Nissin dental simulator simulation-basedtraining) scores (p<0.05), with Group B’ (post-Nissin dental simu-lator simulation-based training) scores exceeding those of GroupA’ (post-video conference training).
Similarly, at Bolu Abant Izzet Baysal University, no statisticallysignificant difference was found between Group A and Group A’(pre- and post-video conference training) scores (p>0.05), and nosignificant increase was observed in Group A’ scores. Nevertheless,a statistically significant change was recorded between Group B andGroup B’ (pre- and post-Nissin dental simulator simulation-basedtraining) scores at this university (p<0.05), reflecting a significantincrease in Group B’ scores. A statistically significant differencewas also found between Group A’ and Group B’ scores at Bolu AbantIzzet Baysal University (p<0.05), with Group B’ scores being higherthan those of Group A’.

Inter-University Comparison Results

No statistically significant difference was observed between thepre-video conference training scores of Group A across the two uni-versities (p>0.05), indicating that the Group A scores do not vary byuniversity. However, a statistically significant difference was notedbetween the post-video conference training scores of Group A (A’Group) across the two institutions (p<0.05), indicating variability.Specifically, the “A’ Group score” at Bolu Abant Izzet Baysal Univer-sity was significantly higher than that at Ankara Yildirim BeyazitUniversity. The pre- and post-Nissin dental simulator simulation-based training scores of Group B did not show a statistically signif-icant difference across the two universities (p>0.05). However, asignificant difference was noted in the post-scores of the Nissindental simulator simulation-based training of Group B (B’ Group)across the universities (p<0.05), with the B’ Group score at BoluAbant Izzet Baysal University being statistically higher than that atAnkara Yildirim Beyazit University.
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Table 2. Responses of Group A, were assessed prior to receiving theoretical training via video conference, using a 7-point Likert scale to evaluateperceptions of clinical skills related to local anesthesia applications
GROUP A

Questions Very Good
(7 points)

Good
(6 points)

Somewhat
Good(5 points)

Somewhat
Bad(4 points)

Bad
(3 points)

Very Bad
(2 points)

Undecided
(1 point) Total

Understanding of Basic
Injection Techniques 0 2 6 4 2 1 1 69

Understanding of Local
Anesthesia Techniques 0 3 5 4 2 1 1 68

Ability in Maxillary
Anesthesia Techniques 0 3 6 2 3 1 1 70

Understanding of Mandibular
Anesthesia Techniques 0 3 5 3 3 1 2 70

Confidence in Patient Ap-
proach

0 2 6 4 2 1 1 69

Attention Level in
Treatment Application 1 4 6 2 1 1 1 65

Knowledge Increase
Compared to Pre-Education 2 4 4 2 2 1 1 75

Practical Approach Ability
Post-Education 2 2 4 4 1 1 2 72

Ability for Quick Decision and
Application in Treatment
Approach

0 3 6 3 0 1 3 65

Anxiety Level Regarding
Complication-Related Errors 2 3 3 2 3 1 2 68

TOTAL 49 174 255 120 57 20 15

Table 3. Responses of Group A’, were assessed after receiving theoretical training via video conference, using a 7-point Likert scale to evaluateperceptions of clinical skills related to local anesthesia applications
GROUP A’

Questions Very Good
(7 points)

Good
(6 points)

Somewhat
Good(5 points)

Somewhat
Bad(4 points)

Bad
(3 points)

Very Bad
(2 points)

Undecided
(1 point) Total

Understanding of Basic
Injection Techniques 1 3 4 3 1 1 1 63

Understanding of Local
Anesthesia Techniques 2 3 4 2 1 2 0 67

Ability in Maxillary
Anesthesia Techniques 1 3 3 4 1 2 0 63

Understanding of Mandibular
Anesthesia Techniques 1 4 4 3 1 0 1 67

Confidence in Patient Ap-
proach

2 3 3 2 1 2 1 63

Attention Level in Treatment
Application 3 4 2 1 3 1 0 70

Knowledge Increase Compared
to Pre-Education 4 4 1 4 1 0 0 66

Practical Approach Ability
Post-Education 4 7 3 0 0 0 0 85

Ability for Quick Decision and
Application in Treatment
Approach

3 6 4 0 1 0 0 80

Anxiety Level Regarding
Complication-Related Errors 4 4 2 2 1 1 0 75

Total 205 246 150 84 33 18 3
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Table 4. Responses of Group B were assessed prior to receiving practical training using a dental simulation model, using a 7-point Likert scale toevaluate perceptions of clinical skills related to local anesthesia applications
GROUP B

Questions Very Good
(7 points)

Good
(6 points)

Somewhat
Good(5 points)

Somewhat
Bad(4 points)

Bad
(3 points)

Very Bad
(2 points)

Undecided
(1 point) Total

Understanding of Basic
Injection Techniques 0 5 2 4 3 4 3 76

Understanding of Local
Anesthesia Techniques 1 2 3 3 7 4 1 96

Ability in Maxillary
Anesthesia Techniques 1 2 1 5 5 3 4 69

Understanding of Mandibular
Anesthesia Techniques 1 1 3 4 6 3 3 71

Confidence in Patient Ap-
proach

3 1 4 4 3 3 4 82

Attention Level in Treatment
Application 1 2 4 4 3 3 4 74

Knowledge Increase Compared
to Pre-Education 2 2 5 4 4 2 2 85

Practical Approach Ability
Post-Education 1 3 4 4 3 3 3 79

Ability for Quick Decision and
Application in Treatment
Approach

1 2 3 3 3 2 4 63

Anxiety Level Regarding
Complication-Related Errors 3 2 4 3 2 5 2 83

Total 98 132 165 152 117 64 30

Table 5. Responses of Group B’ were assessed after receiving practical training using a dental simulation model, using a 7-point Likert scale toevaluate perceptions of clinical skills related to local anesthesia applications
GROUP B’

Questions Very Good
(7 points)

Good
(6 points)

Somewhat
Good(5 points)

Somewhat
Bad(4 points)

Bad
(3 points)

Very Bad
(2 points)

Undecided
(1 point) Total

Understanding of Basic
Injection Techniques 2 6 7 3 2 1 0 105

Understanding of Local
Anesthesia Techniques 4 6 5 4 1 0 1 109

Ability in Maxillary
Anesthesia Techniques 4 4 6 3 1 1 1 100

Understanding of Mandibular
Anesthesia Techniques 3 5 7 3 1 1 103

Confidence in Patient Ap-
proach

6 5 6 1 1 1 1 112

Attention Level in Treatment
Application 8 4 6 3 0 1 123

Knowledge Increase Compared
to Pre-Education 7 7 5 1 1 0 1 124

Practical Approach Ability
Post-Education 3 3 2 4 3 2 4 80

Ability for Quick Decision and
Application in Treatment
Approach

1 2 6 5 3 1 3 83

Anxiety Level Regarding
Complication-Related Errors 2 3 5 4 2 4 1 88

TOTAL 294 270 270 124 45 22 13



Online Early
The role of Dental Anesthesia Simulator in Learning | 145

Table 6. Comparison of the statistical results of measurements by “Intra-University and Inter-University”
Ankara Yildirim Beyazit University Bolu Abant Izzet Baysal University *p.Mean Std. Dev. Min. Max. Mean Std. Dev. Min. Max.A 74,90 8,58 67,00 91,00 69,10 3,00 65,00 75,00 ,059A’ 78,40 3,63 75,00 84,00 69,90 7,68 63,00 85,00 ,005

**p. ,172 ,777B 78,00 9,48 64,00 96,00 77,80 9,37 63,00 96,00 ,963B’ 105,80 16,52 85,00 135,00 102,70 15,36 80,00 124,00 ,669
**p. ,001 ,001A’ 78,40 3,63 75,00 84,00 69,90 7,68 63,00 85,00B’ 105,80 16,52 85,00 135,00 102,70 15,36 80,00 124,00
***p. ,001 ,001

*Inter-University Comparison (Independent T-test) **Intra-University Before-After Comparison (Paired T-test) ***Intra-University A’-B’ Comparison (Independent
T-test)

Discussion

This study compared video conference and Nissin dental simu-lator simulation-based training across two universities. Videoconference training did not significantly improve Group A scores,whereas simulator-based training led to significant gains in GroupB scores, with Group B outperforming Group A post-training. Inter-university comparisons revealed similar baseline scores but higherpost-training improvements at Bolu Abant Izzet Baysal University,suggesting possible contextual or implementation differences. Tra-ditional lectures effectively inform students about concepts andexplanations; however, they have limitations in capturing students’attention and in facilitating the learning of practical applications inclinical practice. Learning supported by practical application aids inthe development of professional skills in preclinical settings. 16 Theconstraints of a time-limited curriculum and increasingly complexsurgical techniques make it challenging for students to achieve thenecessary high level of psychomotor skills in a short timeframe.Thus, there is a need to develop both theoretical and practical teach-ing methods to enhance effective learning and the acquisition ofpractical knowledge and skills in dental education. Updating edu-cational techniques and methods could be a means to increase effi-ciency in surgical training. To ensure low error rates and high suc-cess rates in treatments, educational clinical devices that enhancelearning and skill acquisition, such as tools and diagnostic methodsthat allow for various practical applications, are increasingly beingutilized. 17 In today’s context, technology has enabled simulationto become an experiential learning method that closely mirrorsreal-life situations. In this regard, dental simulations are definedas systems that replicate the clinical conditions of dental practicesand allow for their repeated application. 9 A study by Marei et al. 8
assessed the effectiveness of simulation-based teaching methodsfor local anesthesia compared to traditional lecture methods amongstudents who had not yet entered clinical practice. Similar to thisstudy’s findings, participants in the simulation laboratory groupscored significantly higher on a 15-question multiple-choice testcompared to those in the traditional lecture group.

Regarding local anesthesia education strategies, Brand et al. 18
evaluated how local anesthesia training is implemented in schoolsacross Europe, noting that most institutions taught both theoreticaland practical components of local anesthesia through textbooks,while very few employed preclinical simulation methods. 9 In astudy conducted by Lee et al. 19, students were given their firstanesthesia experience, with one group receiving simulation train-ing and the other not. The study reported positive effects of sim-ulation training prior to the students’ first local anesthesia expe-rience. Reviews of the effectiveness of simulations indicate thatsimulation-based teaching allows for learning through doing, con-verting abstract knowledge into concrete experiences, and helpingstudents construct their own understanding. The competence ofphysicians in patient examination and treatment is critical for theaccurate diagnosis and treatment of numerous medical conditions.

Therefore, particularly in surgical education, a training curriculumshould be structured around competencies in skills, knowledge,and professional attitudes, with "patient safety" as a fundamentalelement. There is a need for a range of educational materials de-signed for medical students who may be reluctant to participate insurgical education and training. The increasing number of medi-cal students today limits opportunities for one-on-one educationalongside patients. Consequently, adopting a blended learning ap-proach that includes multimedia, e-learning, pre-prepared mate-rials for case-based discussions, and instructor notes has becomeessential. Theoretical education and preclinical dental learning aimfor a gradual acquisition of clinical competence through practicaltraining. Students enhance their knowledge based on clinical ob-servation and practice during both undergraduate and specialtytraining. Therefore, it is crucial to continually improve teachingtechniques.
Adequate preclinical surgical training must ensure the assess-ment and development of dental students’ knowledge and clini-cal skills before their application on patients. However, there is alack of comprehensive studies directly evaluating subjective andobjective parameters comparing interactive demonstration train-ing with traditional lectures in undergraduate education. 15 Thisstudy, which evaluated the use of interactive systems in clinicaltraining for dental students, supports simulation-based learningstyles. Students’ learning capabilities in physical examination,communication skills, decision-making, and role modeling occurthrough interaction with patients. Thus, finding strategies to en-hance knowledge, skills, and attitudes before clinical educationis of great importance. This study demonstrates that educationalstrategies that mimic clinical settings will improve the quality ofstudents’ treatment skills. This not only enhances the acquisitionof knowledge and skills but also ensures that more qualified physi-cians provide better services to society. Thanks to these new tech-nological applications, students receive instant feedback and havethe opportunity to correct potential mistakes during the process.This interactive teaching system includes elements supported bytheory for learning and model-supported demonstration elementsfor practice, thereby allowing for the rapid querying and assess-ment of students’ knowledge. To date, there has not been sufficientresearch in the field of dentistry examining how interactive com-munication affects the success of the teaching process. Therefore,the aim of this study was to evaluate two different preclinical teach-ing models. The primary goals in introducing this methodologyare to offer an interactive and applied teaching system on lifelonganatomical models and to directly compare this approach with tra-ditional teaching/learning methods. Additionally, it contributesto the analysis of individual learning styles, increases interactivestudent engagement in educational methods, and ultimately leadsto improvements in both qualitative and quantitative parameters ofknowledge transfer. The use of head and neck anatomy models as alearning tool helps students comprehend complex medical data andprovides opportunities to capture and evaluate metrics of knowl-
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edge transfer. Several limitations should be acknowledged. First,the sample size was relatively small, which may limit the generaliz-ability of the findings. Second, the study assessed only immediatepost-training performance, so long-term retention application ofskills was not evaluated. Third, differences between universities inteaching environments or instructor experience may have affectedresults. Finally, the observed results may have been influenced byuncontrolled factors, such as individual participation levels duringtraining.
In this study, the effectiveness of two different teaching methodsconcerning anatomy and anesthesia courses for preclinical dentalstudents was compared, revealing that Nissin dental simulationtraining resulted in a higher level of knowledge compared to videoconference training at both educational institutions. It was deter-mined that the increase in knowledge following video conferencetraining was significantly higher at Bolu Abant Izzet Baysal Uni-versity compared to Ankara Yildirim Beyazit University. This isthought to be due to variations in teaching techniques, despite thesimilarity of the video conference training. Following Nissin dentalsimulation training, significant increases were observed in bothinstitutions, with no differences between them. This indicates thatNissin dental simulation training is a more stable method, suggest-ing that, although there may be differences between educators andinstitutions, it can be more easily standardized.

Conclusion

The study concludes that direct preclinical dental simulation train-ing is more effective than video conference training in improvingdental students’ understanding of anatomy and anesthesia, as wellas their clinical skills. These findings advocate for the inclusionof more simulation-based methodologies in dental education, par-ticularly when traditional patient-centered training opportunitiesmay be limited.
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