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Abstract: Occlusion is a fundamental subject in dental education, and occlusal adjustment is
clinically essential in daily dental practices. This study aimed to assess the effects of computer-based
3D simulations on learner responses and learning effect on the principles of occlusal adjustment
in undergraduate dental students in comparison with the traditional approach. Two teaching
methods, i.e., paper-based 2D presentation and computer-based 3D simulation, were used for
teaching the occlusal adjustment concepts. Sixty dental students were divided into two groups
using a pair-matching randomization method. In the 2D presentation group, a textbook with 2D
illustrations was used. 3D graphic dental models and computer design software were applied in
the 3D simulation group. After the course, an attitudinal survey and examination were conducted
to evaluate the participants’ feedback and the learning effects resulting from the teaching methods.
The independent t test was used to compare the test scores between groups (with α = 0.5). Pearson’s
correlation coefficient was calculated to investigate the agreement between the survey data and test
scores. Most of the students’ feedback indicated that the 3D simulation method would be effective in
acquiring knowledge on occlusion and jaw movement. The examination scores were significantly
higher in the 3D simulation group compared with those in the 2D presentation group in the questions
for centric relation (P = 0.034). Conversely, the scores were insignificant in the questions for eccentric
relation (P = 0.403). There was no correlation observed between the survey data and the actual
examination score. Computer-based 3D simulation could increase the participants’ expectations
and learning effects in dental occlusion education. Further studies in diversified learning environments
are required on the efficacy of digital educational modality.

Keywords: computer software; dental occlusion; learner response; learning effect; occlusal adjustment;
simulation; three dimensions; visualization

1. Introduction

Stabilized occlusion is important for maintaining functional equilibrium in the oral cavity [1].
Inappropriate dental occlusion causes clinical complications such as uncomfortable or painful
bite, abnormal tooth mobility, restoration fractures, and occlusion-related temporomandibular
joint dysfunction [2,3]. It also lowers the long-term success of prosthodontic treatments [2].
Occlusal adjustment is a clinical procedure that removes the substrate of the occlusal surface of
teeth or prostheses to fix deflective occlusion [4]. Occlusal treatment is essential and is performed in
daily-routine practices. However, it is irreversible and requires an understanding of the coordinated
interaction between dentition and neuro-muscular systems [5]. Owing to the clinical importance of

Appl. Sci. 2020, 10, 6073; doi:10.3390/app10176073 www.mdpi.com/journal/applsci

http://www.mdpi.com/journal/applsci
http://www.mdpi.com
https://orcid.org/0000-0003-2803-7457
http://www.mdpi.com/2076-3417/10/17/6073?type=check_update&version=1
http://dx.doi.org/10.3390/app10176073
http://www.mdpi.com/journal/applsci


Appl. Sci. 2020, 10, 6073 2 of 9

occlusion, related knowledge on oral anatomy, jaw movement, and occlusal adjustment has been
fundamental subjects in dental education [6].

Learning effects are mainly influenced by the association of teaching modality and education
topic [7]. Conventional pedagogics for occlusion education are based on traditional lectures,
two-dimensional (2D) anatomical illustrations, and tangible anatomical models [8]. However, because of
the dynamic nature of the occlusion and neuromuscular system in the oral cavity, conventional teaching
methods have limitations in providing learners with adequate understanding of spatial dentition
relations and practical procedures for occlusal adjustment [9]. Concepts of functional occlusion
and subsequent occlusal adjustments are difficult to impart using such static methods [10].

With advances in image processing, three-dimensional (3D) visualization technologies using
computer modeling and design have improved medical education by making complex knowledge
easier to present and teach [10,11]. In dental education, 3D visualization techniques have been
applied to multiple training courses such as caries removal, tooth preparation, third molar extraction,
gingival pocket probing, and dental calculus removal. [12–16]. Compared with 2D illustrations,
3D visualization allows for the complicated spatial relationships of the dentition to be presented in
a 3D polygonal mesh format. Moreover, as the 3D dentition and jaw models can be managed using
computer software, learners can perform virtual analysis, planning, and treatment practices on the 3D
models [17]. The virtual simulation enhances the spatial memory storage, attention, and perception
of learners [18]. This is because the cognitive processes of the human brain can be facilitated during
the navigation and exploration of a virtual environment [19].

Education methods assisted by computer software have been reported to be equal or superior
to traditional teaching systems for knowledge acquisition in medical fields [10]. Three-dimensional
visualization and simulation could improve learning effects in occlusion education by providing
students with 3D perception of occlusion and the virtual space for practice. However, the effects of
such digital methods have not been thoroughly investigated. The purpose of this study is to evaluate
the effects of a computer-based 3D simulation method on learner response and learning effects for
the principles of occlusal adjustment in undergraduate dental students. It is then compared with a
traditional approach that uses paper-based 2D illustrations. The first null hypothesis was that there is
no difference in learning effects between the paper-based 2D presentation and computer-based 3D
simulation methods. The second null hypothesis was that learner response on the education method
and the actual examination results would not be correlated.

2. Materials and Methods

The workflow for this study is presented in Figure 1. Sixty participants were recruited from a
pool of second-year dental students who had the same dental educational background and practical
training. The participants were allocated to one of two groups defined by the teaching methods,
namely the paper-based 2D presentation method and the computer-based 3D simulation method.
For randomized grouping, a pair-matching method was used that is based on the grade point average
(GPA) from the students’ first-year dental curriculum [20]. Partitioning into matched pairs by GPA
was used to equalize the baseline covariates of learning competency of all attendees. Ethical approval
for the study was granted by the institutional review board of Kyungpook National University Dental
Hospital (KNUDH-2020-03-06).

In the paper-based 2D presentation method, 30 students received the occlusion lecture using a
textbook [21] and a PowerPoint presentation with 2D illustrations. The lecture consisted of the features
of deflective occlusion in the centric and eccentric relation of the jaw. It also included the principles
for occlusal adjustments of each interference in the maximal intercuspation and medio-, latero-,
and protrusive movement of the jaw (Figure 2). In the computer-based 3D simulation method, the other
30 students received 3D simulated teaching with 3D graphic dental models and computer design
software (R2CAD; MegaGen, Daegu, Korea). The 3D models with a deflective occlusal scheme were
created in the polygonal mesh format. The occlusion interference of each condition was adjusted in
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accordance with the principles of occlusal adjustment by using computer design modules under the jaw
movement (Figure 3). The characteristics of the teaching systems used in this study are summarized
in Table 1. The conventional lecture and 3D simulation teaching methods were performed by an
experienced instructor, who was unaware of the purpose of the study.
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Table 1. Characteristics of the teaching system used for occlusal education.

2D Presentation Method 3D Simulation Method

Material book, paper sheet, 2D figures computer, software, 3D graphic models
Contents descriptive descriptive, manipulative, analytic
Visuospatial information static dynamic
Teaching method teacher-centered student-centered
Cost for facility low moderate to high
Learning method observation virtual practice
Recommend group size NS small to medium
Preparation NS learning how to operate software

NS: not specific.

To assess participants’ responses and feedback regarding the 3D computer-based visualization
method, an attitudinal survey was conducted after the training course for the 3D simulation group
(Supplementary Materials S1). The survey was comprised of five questions assessing the preference of
participants on the method in terms of expected effects and satisfaction [22]. Participants were asked
to respond on a scale of 1 to 5. A score toward the high end of the scale indicates a higher preference
toward the method.

Afterwards, an examination of the occlusal adjustment was conducted on the same day of class
for all students to evaluate the learning effects of different teaching methods. The test consisted of
eight questions for the principle of adjustment for deflective occlusion in centric and eccentric relations
(Supplementary Materials S2). The questions were formulated following the recommendation by
the American sociological review for open- and close-ended questions [23,24]. They were then modified
based on the lectures and teaching materials provided to students in the present study. The examination
results were first scored in a numeric scale of 0 to 100, and then categorized into five grades [25].

The means and standard deviations of the survey and examination scores were calculated.
Statistical comparisons between the two instructional methods were performed by using
the independent t test for each question concerning the adjustment strategies for deflective occlusion
in centric and eccentric relation. The agreement between the results of the survey and examination
was presented using Pearson’s correlation coefficient and a scatterplot. All statistical analyses were
carried out using statistical software SPSS (IBM SPSS Statistics, v25.0; IBM Corp., Armonk, NY, USA)
at 0.05 significance level.

3. Results

The results of the attitudinal survey are shown in Figure 4 All participants responded that
the computer-based 3D simulation method is effective for visualizing anatomical structures and that
it enhances memorization of the occlusal adjustment concept. Most of the participants agreed that
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the 3D simulation is useful for understanding the functional movement of the mandible. They also
agreed that the simulation was easy to perform using the computer software. In the class participation
question, four out of five participants responded that the 3D simulation facilitated active participation.
No student made a negative response to all questions for the efficacy of the 3D simulation method on
occlusal education.
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The examination results show that the 3D simulation group produced significantly higher scores
than the 2D presentation group in the questions concerning the occlusal adjustment in centric relation
(P = 0.034). Conversely, regarding the questions about occlusal adjustment in eccentric relation,
there was no statistically significant difference in the test scores between the two teaching groups
(P = 0.403). The overall score of the examination was higher in the group with the 3D simulation
method than the group with the 2D presentation method (Table 2). The grading of numeric scores
in the 2D presentation group showed a skewed distribution to the right, and the portion of grade F
was relatively high (Figure 5). The 3D simulation method results produced a normal distribution in
the score with a large portion of the A grade.

Table 2. Mean and standard deviation of the examination results in groups by different teaching methods.

Question
Teaching Method

P
2D Presentation 3D Simulation

Centric 77.0 ± 9.5 82.6 ± 10.3 0.034
Eccentric 66.0 ± 16.7 70.3 ± 22.6 0.403
Whole 72.9 ± 10.0 78.0 ± 11.0 0.064
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The correlation coefficient r was calculated as −0.48, representing the absence of linear correlation
between the survey and examination outcomes. The scatterplot shows a weak and nonlinear association
between the two outcomes (Figure 6).
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4. Discussion

This study was designed to determine the efficacy of a computer-based 3D visualization
and simulation method for knowledge acquisition on the occlusal adjustment compared with a
conventional paper-based 2D presentation method. In the questionnaire survey on the expected effects
of the 3D simulation method, most of the participants rated this method as highly appropriate for
occlusion education, and especially effective for visualizing anatomical structures as well as memorizing
occlusal adjustment concepts. Meanwhile, in the examination for evaluating students’ learning effects,
the difference in scores between the groups was significant (i.e., in the questions for occlusal adjustment
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in centric relation). The difference was, however, not significant in the questions for the occlusal
adjustment in eccentric relation. The mean score of the test was higher in the 3D simulation group than
in the 2D presentation group. Based on the findings, the proposed first null hypothesis (i.e., there is no
difference in learning effects between the two methods) was partially rejected. The correlation between
the survey and the examination results was also investigated and no statistical association was found.
This result implies that the feedback from the students and the actual learning effect on knowledge
acquisition could not be directly related. Thus, the second null hypothesis (i.e., learner response on
the education method and the actual examination results would not be correlated) was not rejected.

The distribution of examination scores for each student was visualized by classifying the scores in
grades. An asymmetry in the score distribution was observed in the 2D presentation group, and it
shows a large portion of the scores were in the low ranks. Conversely, in the 3D visualization
group, scores were generally higher compared to the 2D presentation group, and a more symmetrical
distribution of scores was observed. The bell-shaped curve might be recommended in grading academic
achievements of students because this distribution fits well the normal distribution of natural learning
ability in humans. Accordingly, based on the score distribution, it is thought that the 3D visualization
method would be a more suitable method than the 2D presentation method in conveying the principles
of occlusal adjustment in dentistry.

Despite the fact that teacher-oriented lectures with 2D images are still mainstream, this conventional
method might be less effective for teaching manual skills and inducing critical reasoning required in
higher education, especially in clinical courses in medicine [26,27]. Moreover, student participation
would also be low in paper-based education systems [28,29]. Clinical dentistry is largely manual.
Hence, conventional demonstrative lectures clearly have limitations as a teaching technique [30,31].
It is a challenge to understand the positional relationship of maxilla and mandibles in dynamic
occlusion. It is also difficult to figure out occlusal disharmony that is topographic and its relationship
with antagonistic teeth in cusp, fossa, and ridges. Recent studies in dental education revealed that
mental training with 3D imagery could improve the in-depth perception for objects and had beneficial
effects in acquiring clinical skills [32,33]. Training for manual skills coupled with decision-making can
be achieved efficiently in environmental settings mimicking clinical situations. Thus, computer-based
3D visualization and simulation may be relevant in training occlusal adjustment in pre-clinical courses
because students are provided spatial and visual aids to estimate distances, sizes, and shapes of
anatomical subjects.

In the present study, the use of 3D dental mesh models and computer software providing color-coded
occlusal analysis and functions for design modification motivated students to participate in the class.
It also assisted with learning the principles of occlusal adjustment. However, because the software
program was not developed for occlusion education, there were limitations in representing the jaw
movements. Thus, the authors note that the development of a computer software program optimized
for representing functional 3D movement of the jaw might be needed. It may also be useful to provide a
virtual training environment to practice occlusal treatments.

The participants of this study were students in the same year of the dental curriculum. By using
the inclusion criteria and previous knowledge, the experience of learners was controlled. However,
these criteria limited the number of candidates that were included. To generalize the findings of this
study, multi-center studies need to be conducted in the future. In addition, improvement in learning
using computer-based 3D simulation could vary under different factors such as computer software,
proficiency in operating software, 3D image model, and the instructor. Thus, further comprehensive
studies considering the various influencing factors are necessary.

5. Conclusions

Based on the findings of this study, three main conclusions were drawn as follows.
Firstly, the participants who experienced computer-based 3D simulation for occlusion education
showed a high expectation of and satisfaction with the method in the accompanying survey. Secondly,



Appl. Sci. 2020, 10, 6073 8 of 9

the mean examination score on the principle of occlusal adjustment was higher in the group with
the 3D simulation method than in the group with the paper-based 2D presentation group. However,
the difference varied according the nature of the questions. Finally, there was no correlation observed
between the expected effects for the use of 3D simulation and the actual examination score.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/17/6073/s1,
S1: Questionnaire sheet for survey on the expected effects of the 3D simulation method, S2: Examination sheet for
the test on the principles of occlusal adjustment.
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