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ABSTRACT

Utilizing 3D Model and Comparison Software
Tools in Improving Assessment Methods:

A Pilot Study

Michelle Aguilos Thompson'-*, Marilia Mattos Sly’, Maria de Lourdes Gonzalez’,

and Shalizeh Azizi Patel’

Purposel Objectives: This manuscript investigates the effectiveness of
computer-assisted design and manufacturing (CAD/CAM) technology in
preclinical dental education. The COVID-19 pandemic created a need for
remote teaching approaches. In preclinical fixed prosthodontics courses,
traditional evaluation methods rely on faculty to visually grade laboratory
projects utilizing rubrics and 2D images. Assessment and feedback vary
amongst faculty, and faculty calibration has been inconsistent in reducing
intra-and inter-rater variability. This study aimed to compare faculty
assessment of student full coverage crown (FCC) preparations traditionally
versus digitally through 3D model visual assessment and/or comparative
analysis software reports.

Methods: Eighteen UTHealth Houston School of Dentistry faculty par-
ticipated, each randomly assigned into one of three assessment groups:
traditional visual Group (TV), 3D Group (3D), and 3D visual assessment
supplemented with comparative analysis software report (3D+) Group.
Faculty graded the same eight lithium disilicate typodont preparations for
all three assessment groups.

Results: Survey results showed the ease of use and efficiency among the three
assessment methods varied significantly. Grading scores revealed that axial
wall reduction significantly differed among the three assessment methods.
Conclusion: This study concludes that the combination of the two digital
assessment methods can overcome the limitations of traditional evaluation
methods and digital methods alone by providing objective feedback to
students and enhancing their learning experience.
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1. INTRODUCTION

The in-person teaching approach widely practiced dur-
ing the simulation and preclinical sessions became a
challenge during the COVID-19 pandemic. Dental educa-
tors modified their teaching practices and used emerging
technologies to teach while social distancing. These reac-
tive teaching methodologies were valuable to student
learning at the time, but further exploration is required
to evaluate their effectiveness in the current landscape as
students and teachers return to classroom and simulation
laboratories. Any future teaching approach, remote or
in-person, must encourage the application of knowledge,

improve hand-motor skills, inspire dialogue, and provide
autonomy for both the learner and the educator.

In preclinical fixed prosthodontics courses, traditional
evaluation methods rely on faculty to visually grade sim-
ulation exercises utilizing rubrics and 2D images, followed
by verbal and/or written feedback. However, assessment
and feedback vary amongst faculty, which can be dis-
couraging and impede student learning [1], [2]. Faculty
calibration has failed to reduce intra and inter-rater
variability. In addition, increased class sizes and time
constraints due to an already-packed curriculum pose lim-
itations on faculty’s one-on-one interactions with students
in providing meaningful feedback [3]. Thus, creating a
practical model to overcome these challenges may be the
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next step. Computerized evaluation of student projects has
been proposed to serve as an objective tool [4].

Computer-assisted design and manufacturing (CAD/-
CAM) technology, including intraoral scanning, has been
implemented in predoctoral education for the design and
fabrication of indirect dental restorations and prosthe-
ses. Comparative analysis software associated with this
technology, such as PrepCheck® and Romexis Compare®,
is utilized for objective evaluation of students’ projects.
With CAD/CAM, students are able to practice exercises
independently by digitally scanning their preparation,
comparing it to an ideal model, and receiving an objective
software report on their work. This software has shown
promise as a self-assessment tool for students [5]. Fur-
ther, it has improved intra-and inter-rater agreement in
the grading of student preparations in student simulation
laboratories [6]-{9]. It was found to be more reliable and
precise than traditional grading by reducing subjectivity
[10]. However, students felt that the software was not a
replacement for faculty as it cannot grade all aspects of
a crown preparation such as smoothness of the finish
line [11].

Comparative analysis software alone cannot replace fac-
ulty visual grading of preparations. Visual grading of 3D
scanned models by faculty has been shown to be a valid
tool. Lee et al. evaluated the use of 3D scanned mod-
els for student self-assessment and faculty visual grading
[12]. Students and faculty evaluated 3D scanned models,
using zoom, pan, and rotation functions. Faculty scores
of operative preparations showed no difference between
conventional and digital visual grading methods, thus
validating this digital assessment tool. Criteria including
occlusal clearance, smoothness of preparation finish line
and other features cannot be measured by comparative
analysis software, so a visual assessment by faculty of
3D models can bridge this gap, especially in a remote
environment.

A combination of comparative analysis software-
generated reports with 3D model visual grading by faculty
has yet to be explored. These digital methods can be
applied by faculty in person or remotely for grading of stu-
dent preparations. Previous studies have utilized cameras
to capture 2D images of student preparations for faculty
grading remotely. However, 3D evaluation in a remote
environment needs further evaluation [13]. To address both
remote learning and to increase the objectivity of grading,
the investigators of this study proposed developing an
objective and socially distanced feedback mechanism for
grading students’ psychomotor skills. This study aimed to
compare faculty grading of student full coverage crown
(FCC) preparations traditionally versus digitally through
3D model visual assessment and/or comparative analysis
software reports. The null hypothesis was there would be
no difference in faculty grading of FCC using traditional
visual assessment, 3D models visual assessment, and/or
comparative analysis software reports.

2. MATERIALS AND METHODS

The study protocol was approved by the Committee for
the Protection of Human Subjects (CPHS) of UTHealth
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Houston, HSC-DB-20-1284. Second-year dental students
completed lithium disilicate crown preparations on a lower
right first molar (#30) using a Kilgore Series 200 typodont
(Coldwater, MI, USA), as a simulation exercise for a
Digital Dentistry preclinical course. Eighteen faculty vol-
unteered to participate in this study and were randomly
assigned into one of three assessment groups: (1) Tradi-
tional visual, Group TV, (2) 3D model, Group 3D, and
(3) 3D model supplemented with comparative analysis
software report, Group 3D+. For all three assessment
methods, faculty graded eight lithium disilicate typodont
preparations. A standard rubric was used to evaluate the
preparations and the following criteria were assessed: (1)
occlusal reduction, (2) axial wall reduction, (3) axial wall
taper, (4) marginal width, (5) cervical finish line level with
respect to gingiva, and (6) margin proximity to adjacent
teeth (Table I).

A calibration session was provided to faculty partic-
ipants on grading rubrics and workflows. The faculty
graded independently and the investigators were only
available for instructional technology support. Faculty
participants were asked to submit grades on Qualtrics®
for each preparation (Provo, UT, USA); the rubric was
presented on a 5-point Likert scale. Following grading,
faculty were asked to complete a survey via Qualtrics® on
their perception of the usefulness of their assigned grading
method and the feasibility for its future integration into the
preclinical prosthodontics curriculum (Table I1). Faculty
survey responses included (1) strongly agree, (2) agree, (3)
neutral, (4) disagree, (5) strongly disagree.

2.1. Assessment Methods
2.1.1. Traditional Visual Group (TV)

Seven faculty assigned to group TV visually assessed
student preparations on a typodont. A mirror, explorer,
periodontal probe, and eye magnification (loupe x 2.5)
were utilized.

2.1.2. 3D Model Group (3D)

Six faculty assigned to this group were given access
to pre-scanned student preparations. Planmeca Emerald®
scanners and Romexis® software (Hoffman Estates, IL,
USA) were utilized by the investigators to generate 3D
model scans, visible on a computer monitor.

2.1.3. 3D Model Supplemented with Comparative Anal-
ysis Software Report Group (3D+)

Six faculty assigned to this group were provided with
the same instructions as group 3D and also given access to
Romexis Compare® software (Hoffman Estates, IL, USA)
to digitally compare each student’s preparation with the
ideal Master Preparation (MP) illustrated in Fig. 1. The
tolerance was set to 350 um as faculty assessed differences
between each student’s preparation and the MP.

2.2. Statistical Analysis

Kruskal Wallis tests (KW) were performed to eval-
uate if differences occurred among the three methods.
Tukey-Kramer-Nemenyi multiple comparison tests were
performed to assess pairwise differences among the three
groups when the KW test was significant. An ANOVA
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TABLE I: IDEAL PREPARATION GUIDELINES
Evaluated criteria Preparation guidelines
O(?clusal reducti9n 1.5-2.0 mm 1.5-2.0 1.52.0
Axial wall reduction 1.5 mm 1520
Axial wall taper 6-10 degrees
Marginal width 1.0-1.5 mm
Margin level Supragingival 15 1.5
Margin level to adjacent tooth 1.0 mm
1.0-1.5 1.0-1.5
6-10°
TABLE II: FacuLTY SURVEY QUESTIONS

Faculty survey questions

The assessment method was easy to use.

I had adequate time to use the assessment method.

The assessment method enables providing constructive feedback to student learners.

The assessment method can be used for faculty calibration.

The assessment method can be used for objective feedback to students in a virtual meeting.

Open box comments: Please share your thoughts and comments on utilizing the assessment method and its future use in the preclinical curriculum.

Dufference

Asial Wall bght

Fig. 1. Comparison of tooth #30 student preparation and MP using Romexis Compare®.

was used to statistically analyze the mean of each variable
amongst the three methods. All statistical analyses were
performed using R statistical software with a p < 0.05
indicating significant differences [14].

3. RESULTS

Table I11 illustrates the descriptive statistics results
including chi-square, p-value, mean value, and pairwise
comparison for Faculty Survey. KW indicated that the
ease of use among the three assessment methods varied
significantly, driven mainly by the difference between 3D+
and TV groups. Graders in the 3D+ Group expressed that

the assessment method was more difficult to use com-
pared to the TV group. The KW showed that efficiency
among the three assessment methods also varied signifi-
cantly, marginally driven by the difference between 3D+
and 3D groups. The 3D Group was considered marginally
more efficient than the 3D+ Group. All three groups of
evaluators stated that each method is useful for faculty
calibration and groups 3D and 3D+ agreed that it provided
objective feedback in a virtual setting. Responses were
neutral for the TV Group in regards to providing objective
feedback in a virtual setting. Overall, there was no differ-
ence among the three assessment methods on usefulness
for faculty calibration or providing objective feedback in a
virtual setting.
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TABLE III: DESCRIPTIVE STATISTICS FOR FACULTY SURVEY

Response variable Chi-square p-value Mean group TA Mean group 3D Mean group 3D+  Pairwise p < 0.05
Ease of use 6.6252 0.03642 1.571 2.166 3.333 3D+ vs. TA
Time efficiency 6.3774 0.04123 1.857 1.666 3.500 3D+ vs. 3D
(marginally sig)
Provides 1.7115 0.425 1.571 1.666 1.166 NS*
constructive
feedback for
students
Useful for faculty 1.8872 0.3892 1.571 1.500 1.166 NS
calibration
Provides objective 4.5418 0.1032 2.571 1.666 1.500 NS
feedback in virtual
setting
Note: *Not significant.
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
Occlusal Axial Wall Axial Wall Taper Marginal Width ~ Margin Level Margin to
Reduction Reduction Adjacent Tooth
B Group TV mGroup 3D Group 3D+
Fig. 2. Means grades per group for criteria evaluated.
TABLE IV: DESCRIPTIVE STATISTICS FOR FACULTY GRADES
Response variable LR p-value Group TA Group 3D Group 3D+
Occlusal reduction 0.06231 3.32 £0.62 3.80 £0.70 4.10 £ 0.38
Axial wall reduction 0.04279 2.84 +0.36 3.07 £0.75 3.58 £0.41
Axial wall taper 0.2184 2.86 + 0.49 3.34 £0.83 3.44 £ 0.57
Marginal width 0.05152 3.21+0.33 3.34+0.34 3.73 £0.51
Margin level 0.5317 2.91 £ 0.60 2.93+0.82 3.354+0.95
Margin to adjacent tooth 0.3791 2.39 +0.68 2.55 £ 0.58 3.04 £1.26

Fig. 2 depicts mean grades per group for each evaluated
criterion. The 3D+ scores show a higher trend than groups
3D and TV. Table IV shows the descriptive statistics,
including LR p-value, mean value, and standard devia-
tion for Preparation Grading. Results indicated that only
axial wall reduction differed significantly from the three
assessment methods. 3D+ faculty graders scored axial wall
reduction significantly higher than the TV faculty (R2
= 0.2704703). Occlusal reduction (R2 = 0.2461607) and
marginal width (R2 = 0.2586628) showed marginally sig-
nificant trends, where the 3D+ faculty scored the variables
higher than the TV faculty.

4. DiISCcUSSION

This pilot study explored the effectiveness of using com-
puterized evaluation tools for grading student simulation
exercises in preclinical dental education. The results of
this pilot study confirmed the null hypothesis with respect
to most grading parameters except axial wall reduction.
There was no significant difference between 3D Group and
TV Group scores, which coincides with a previous study by
Lee et al. [12]. The null hypothesis for axial wall reduction
was rejected, as it showed significantly higher scores for
the 3D+ Group compared to the TV Group. The authors
suggest this may be due to the Compare® software’s ability
to measure differences between the MP and the student
preparation. It is important to mention that for both TV
and 3D groups, no matrix was used to gauge the axial
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reduction. The Compare® software was able to measure
from the finish line toward the occlusal surface. Other
measurements, such as distances between the preparations
and the adjacent teeth and the gingival crest were not mea-
surable by the software. These limitations were confirmed
by Callan et al. [15]. Sly et al. eliminated certain parameters
in grading due to limitations of the Compare software as
well; however, this current study addressed the software
limitations through the addition of a 3D scanned model
assessment [9].

Although faculty survey results showed no significant
differences among the three assessment methods with
respect to usefulness in providing constructive feedback to
students, usefulness for faculty calibration, and providing
objective feedback in a virtual environment, there was a
positive trend in the responses. On the other hand, the
ease of use and efficiency of the three assessment methods
varied significantly. Faculty did not have to scan the prepa-
rations to reduce variables in this pilot study. Still, they
were calibrated using the software for visual assessment
and for comparing the preparations to the MP. Despite
this, faculty still required additional support. Utilization
of Compare® software was more difficult and less efficient
than traditional grading, which may pose a barrier to its
use as a standard assessment tool. With a steep learning
curve, the more faculty became comfortable with digital
software, the more efficient they became, as seen in a study
by Shih et al. [16]. Until then, both initial learning of this
technology and its application in grading student projects
continues to be a challenge [9].

Limitations of this pilot study included a small sample
size of preparations. The investigators selected these sam-
ples as they embodied a wide variety of common errors
noted among novice operators. Another limitation, not
specific to this pilot study but in general use of technology
as assessment tools, is the lack of in-person student-faculty
interactions. These results provide a foundation for fur-
ther exploration of these computerized evaluation tools
in preclinical dental education. The investigators suggest
that these digital tools enhance objectivity and generate
conversations between the evaluator and the learner. For
example, when assessing student projects remotely, the
evaluator can schedule a virtual meeting with the learner.
This enables the learner to visualize their preparations as
a three-dimensional scan and discuss improvement plans.
This process emphasizes an interactive teaching-learning
opportunity based on accurate and objective data, magni-
fied, rotated and manipulated on the screen to highlight
fundamental restorative and prosthodontic concepts. Pos-
itive attributes and areas for improvement can be pointed
out for reflective learning. Additionally, the interpersonal
aspect of teaching and learning is not removed. This pilot
study suggests that the integration of 3D model visual
assessment and comparative analysis software reports can
provide a more comprehensive evaluation of student full-
coverage crown preparations than either method alone.
Further research is needed to expand the use of these tools
in dental education and to address the limitations of this
pilot study.

Utilizing 3D Model and Comparison Software Tools in Improving Assessment

5. CONCLUSION

This pilot study concludes that comparative analysis
software-generated reports and 3D model visual grading
combined can overcome the limitations of traditional eval-
uation methods and digital methods alone by providing
objective feedback to students and enhancing their learn-
ing experience both in person and remotely.
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