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ABSTRACT
Objectives: Traditional orthodontic records rely on 2D photos and radiographs, which has
potential to mask true 3D relationships. Our educational program has relied on 2D records
in dental student assessment of sagittal, vertical and transverse dental and skeletal
relationships in malocclusions. Recent curriculum transition from 2D records to utilizing
iTero’s intraoral scanner has incorporated 3D records into assessments to determine if
dental students could better understand and diagnose dental relationships based on true 3D
relationships. Differences in the performance of 2 junior dental classes diagnostic decision
assessments are compared; the Class of 2021 using 2D records, and the Class of 2022 using
3D records.

Methods: Two junior year classes, Class of 2021 and 2022 (n=298), were compared for
differences in total scores of assessments of 10 diagnostic decisions as well as individual
question assessments (n=119). These included stages of dental development, dental and
skeletal malocclusion in 3 planes of space & maxillary and mandibular arch discrepancy.
In a second comparison involving voluntary participants from Class of 2022 (n=28),
differences in diagnostic decisions between 2D and 3D records of 5 virtual patients were
compared.

Results: The mean scores of the junior dental students diagnostic decision assessments
were compared by class. The Class of 2021 (n=150) had a mean score of 9.54, and 2022
(n=148) had a mean of 9.68. An independent samples t-test found a significant difference
(p < 0.000). There was no significance found comparing individual question assessment.
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In the second comparison, there was significance found for individual question comparison
of diagnostic decisions between 2D and 3D records in 5 virtual patients using a chi-square
test (p=.023).

Conclusion: An overall increase in scores was reported in the Class of 2022 (using 3D
scans) indicating the benefit of virtual records for instruction of orthodontic diagnosis and
treatment planning. This is further suggested by the increased number of correct answers
while using 3D records to diagnose virtual patients. Virtual dental scans, which replicate
the actual dentition, enhances students’ diagnostic abilities. These findings most likely
underestimate the overall educational impact of 3D images, since 2D radiographs were
used.
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CHAPTER 1
INTRODUCTION
The use of digital dentistry and virtual patients to enhance students’ education has
surged in dental schools across the world. Studying with virtual patients has been shown
to strengthen retention and improve skill transfer (Padilla et al., 2020). Majority of dental
school curricula revolve around 2D academic instruction, including but not limited to
photographs, images, and radiographs. The implementation of 3D virtual instruments
allows students to enhance their spatial perception through interactive online environments
(Liebermann and Erdelt, 2020).
As news of the COVID-19 pandemic circulated in January 2020, the academic
administration at The Kornberg School of Dentistry (TUKSoD) started preparing a virtual
curriculum that would transform over the weeks to come. The unforeseeable global shut
down caused many challenges for schools across the world, however with early preparation
and guidance through CODA guidelines, the TUKSoD academic administration created an
online environment that allowed students to continue receiving a strong and effective
education. The online learning management system, Canvas, was utilized by the school to
provide students with lecture assignments, Zoom lecture links, assessments and a
messaging platform to facilitate communication between professors and students.
Mandatory attendance was required by students for daily seminars and a detailed schedule
was provided for those who needed to complete their competencies. Strict enforcement of
the honor code as well as a thorough virtual test proctoring system, requiring students to
log in on two camera enabled devices and show picture ID, created an efficient, high quality
assessment technique. The transition to virtual learning was met with challenge, multiple
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contingency plans and the use of trial and error; however academic vigor, integrity and
efficiency were maintained.
The virtual transition for the pre-doctoral students in the orthodontic department
required a curriculum change to allow students to continue learning how to properly
orthodontically diagnose and treatment plan while still maintaining appropriate social
distancing measures. Traditionally, students were to examine a total of five live patients;
however, with COVID-19 the curriculum was changed to examining two live patients and
two virtual patients thereby introducing the 3D virtual dentition models to dental students.
With the growing popularity of the 3D CAD-CAM designing and printing system used for
restorative dentistry, it is important that students are exposed to the benefits of 3D virtual
dentition models in other dental specialties, particularly for this study orthodontic diagnosis
and treatment planning.
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CHAPTER 2
REVIEW OF LITERATURE
2.1 Pre-doctoral Orthodontic Education
Dental schools in the United States must have an orthodontic education component
incorporated into their pre-doctoral curriculum. Although each school has a different
degree of orthodontic education that is implemented, all schools must follow The American
Dental Association’s Commission on Dental Accreditation’s (CODA) academic standard;
“at the minimum, graduates must be competent in the providing oral health care within the
scope of general dentistry, as defined by the school, including… malocclusion and space
management” (CODA, 2016). This broad guideline provides dental schools with freedom
for variation in their orthodontic curriculums, generating lack of uniformity among the
education of pre-doctoral dental students across the country. The American Dental
Education Association, formerly known as American Association of Dental Schools,
issued three levels of orthodontic curriculum material for predoctoral education in 1993
including Growth and Development, Preclinical Orthodontics and Clinical Experience
(Ferrer et al., 2018, AADS 1993). The manner in which each school encompasses each of
these three categories varies to a great degree, with no consistency to measure a baseline
of orthodontic education that students receive.
Kwo and Orellana conducted a survey in 2010 to assess the status of predoctoral
orthodontic education across the country at that time. Twenty-nine out of a total of fiftyfive pre-doctoral orthodontic program directors responded with results that demonstrated
many discrepancies in pre-doctoral orthodontic education throughout US dental schools.
Beginning with when orthodontic education is introduced into the pre-doctoral curriculum,
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77.7% of respondents reported they provided up to five hours per semester of orthodontic
education to first year students, and the remaining 22.3% received more than five hours of
education. Most respondents indicated that majority of orthodontic education is designated
to the third-year pre-doctoral students. Despite this consistency, only 44.4% of programs
provided more than 15 curriculum hours, while 25.9% provided between ten and fifteen
curriculum hours and 14.8% provided up to five curriculum hours. For the fourth-year
dental students, schools that provide orthodontic education differ on the distribution of
material presented; 61.5% of respondents provide didactic education for more than half of
the designated time, 26.9% reported evenly allotting time for didactic education and
laboratory work and 11.5% devoted less than half of the designated time to didactic
instruction. Less than half (48.5%) of the programs surveyed required pre-doctoral students
to provide orthodontic treatment to patients, but over half (65.3%) require students to
observe orthodontic residents in the graduate clinic. An even smaller percentage of schools
requires pre-doctoral students to have a hands-on, assisting experience with orthodontic
residents. Of the schools to require treatment on patients, 69.2% allowed treatment of
patients with mixed and permanent dentition. Treatment techniques taught throughout
dental schools surveyed expanded from full fixed appliances, passive appliances,
functional appliances, and Invisalign (some requiring Invisalign certification).
This study demonstrates the widespread inconsistencies present throughout predoctoral orthodontic education; regardless of CODA and ADEA’s academic standards,
institutions are providing a diverse orthodontic education to pre-doctoral students.
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2.2 COVID-19 Impact on Dental Education

The onset of the COVID-19 pandemic forced educational facilities all over the
world to rely on virtual learning with dental schools being no exception. On March 11th,
2020, the World Health Organization publicly announced that the ongoing COVID-19
outbreak was being classified as a pandemic and a global shutdown ensued. This forced
dental school administrations to not only balance the health of students, faculty, and
patients, but also the uninterrupted education of students and continuous monitoring of the
ongoing pandemic (Iyer et. Al, 2020). The American Dental Education Association
(ADEA) has promoted online education as a teaching modality to aid educators during
these unprecedented times. Dental educators utilized file-sharing platforms and telecommunication to transition didactic courses, laboratory work and presentations into
virtual lectures while also promoting student engagement (Wu et al., 2020). Despite the
challenges dental schools face having to trust technology for education, there is an overall
greater ability to evaluate student’s ability to diagnose, critically think and clinically reason
through virtual assessment (Saeed et al., 2020).
Haridy et al., conducted an international cross-sectional thirty question survey in
2021 to evaluate the implications of COVID-19 on dental education. Two hundred and
twelve dental educators from Saudi Arabia, Egypt, India, Pakistan, Germany, USA, China,
Australia, Kuwait and Canada responded in agreement that shifting to virtual education
would allow students to learn adequately while evaluating students objectively. Online
dental education became possible through video platforms such as Zoom and traditional
classrooms were modified to incorporate virtual synchronous and asynchronous lectures to
allow for more face-to-face discussion of material (Kerkstra et al., 2021).

5

2.3 Virtual Education of Pre-doctoral Dental Students
The exponential growth of technology has impacted all fields of education
including dentistry. It has been shown that students who learn virtually have increased
content recall because they have full authority to utilize the material; this effectively
translates to having an increased understanding compared to traditional, non-virtual
environments (Klein et al., 2011). Despite the value in learning virtually, dental schools
have not rapidly executed distance learning due to reasons such as lack of funding,
unwillingness to change curricula, share teaching material and fear of losing control over
the didactic curriculum (Klein et al., 2011).
According to Mardani et al. in (2009), the idea of utilizing virtual patients in
educational settings has garnered a lot of attention in the past decade. Virtual patients
provide a simulation experience that enhances dental students’ ability to assess and treat
patients. This experience allows for independent learning, rapid feedback, and the
possibility of learning from errors without it being at the consequence of a live patient. The
most important aspect of virtual patients is it allows students to practice their skills as a
practitioner, providing the opportunity for diagnosis, analysis and clinical decision making.
In a survey conducted by Cederberg et al. evaluating implementation of virtual
patients in US and Canadian schools in 2021, it was found that of the 30 schools that
participated majority are currently using or have used virtual patients to educate dental
students. Reinforcement of clinical treatment consideration, uniformity of experience and
instant learning feedback can help better prepare students for their live patient experiences.
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2.4 3D Virtual Experiences in Dental School Education
Technological evolution has created the opportunity for dental schools to utilize
virtual 3D models in pre-doctoral dental curriculum. First and second year dental students
typically rely on a manikin and typodont to practice their manual dexterity and dental
procedures; however, as the incoming classes are increasingly tech-savvy, 3D laboratory
simulations have the potential to lead to improvement in psychomotor skills (Lin et. Al,
2018). 3D visualization technologies created through computer design have been applied
to clinical education through virtual programs for caries removal, tooth preparation, third
molar extraction and calculus removal (Mai et al., 2020). More importantly, 3D virtual
simulation of dentition and jaws allows students to practice clinical analysis, diagnosis,
and treatment planning (Mai et al., 2020).
Mai et. al. (2020) evaluated the effects of using a computer-based 3D simulation to
teach dental students about the principles of occlusal adjustment. Sixty second year dental
students were either placed into a group utilizing 2D paper illustrations along with lecture
material on the topic of occlusion or in a group utilizing a computer software with 3D
dentition models to assess occlusion. An assessment of occlusal adjustment including
centric occlusion and eccentric occlusion was conducted for both groups to evaluate the
outcome of two different instructional techniques. The 3D simulation group had
significantly higher scores on their assessment for centric relation compared to the 2D
presentation group (P = 0.034) while eccentric relation had no significant differences; as a
whole, the overall score was higher for students in the 3D simulation group (P = 0.064).
100% of students that utilized 3D simulation participated in a survey where they agreed
that this method was overall effective for visualization and aided in memory of the
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occlusion concept. 97% of students felt it was useful for understanding mandibular
movement.
In a study conducted by Lin et al., (2018), 120 second year dental students enrolled
in a pre-clinical removable denture course were provided the opportunity of using their
smartphones to learn about tooth preparations on virtual 3D instructional models. Students
were then invited to participate to in a survey to describe their perception of the 3D
instructional models. Of the 120 students in the class, ninety students completed the survey,
and forty-eight students viewed the 3D models during the pre-clinic practice. More than
73% of the forty-eight students who utilized the 3D models agreed or strongly agreed to
the following six questionnaire items:
•
•
•

•
•
•

The process is easy to download the 3D viewing application and 3D graphics
models for viewing on my smartphones.
It was beneficial to me with the 3D graphics models whilst learning teeth
preparation.
The 3D graphics models provided me additional perspectives for learning
teeth preparation that were complement to other existing instructional
materials.
I am satisfied with the 360o rotation of the 3D graphic models.
I am satisfied with the zoom function of the 3D graphics models.
I would recommend the 3D graphics models to be added into other preclinical courses.

Reymus et al., (2020) evaluated virtual reality as an effective tool for teaching predoctoral dental students about root canal anatomy and incorporation virtual education into
the pre-doctoral endodontic curriculum. One first maxillary molar and two mandibular
molars, a first and second, that were virgin teeth with no decay were selected to be scanned
by CBCT. A total of forty-two third year dental students received a lecture on root canal
anatomy, were asked to take 2D radiographs of printed replicas of the selected teeth to
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identify and comprehend the anatomy, interpreted the CBCT scan of the selected teeth and
lastly, viewed the selected teeth in a virtual reality (VR) environment where they were able
to inspect the teeth from all surfaces (outside of the tooth, inside of the tooth, sliced
images). Majority of the student results were better with the use of CBCT or VR although
there was no significant difference between the two, suggesting that 3D evaluation of the
root canal anatomy was superior to 2D evaluation. Thirty seven of the forty-two students
indicated that they preferred VR to CBCT to identify root canal anatomy.
Currently, there is no literature on 3D technology being implemented in predoctoral orthodontic dental education.

2.5 General Dentists Practicing Orthodontics
Orthodontics and dentofacial orthopedics is one of twelve specialties recognized by
the American Dental Association (ADA). This field was officially acknowledged as a
dental specialty by the ADA 1950 according to the Report of the ADA-Recognized Dental
Specialty Certifying Boards. As aforementioned, each dental school in the United States
must follow CODA’s academic guidelines to be recognized an accredited dental
curriculum and students must display competence in the basics of these twelve specialties.
Of all the specialties, orthodontics is the one in which students receive the least amount of
education; according to Christianson in 2002, there is comparatively minimal training in
for students to have the ability to orthodontically diagnose and treat their patients. In
January 2010, Dental Products Report distributed a survey to general practitioners in the
United States inquiring if any specialty services were offered in their practice. 162
participants responded with the following statistics: 84% offer endodontics, 78% offer oral
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surgery, 61% offer periodontics, 52% offer placing implants and only 39% offered
orthodontics. These statistics suggest that the limited predoctoral orthodontic preparation
reflects in the abilities of general practitioners.
According to reports in the literature, 20-50% of orthodontic treatment is rendered
by general dentists with no formal training or certificate in orthodontics (Marques et al.,
2012). General dentists are providing comprehensive orthodontic care to patients with
more half of current gradating dental classes having absolutely no experience providing
patients with any type of orthodontic treatment (Kwo et al., 2010). Dental students are
learning to diagnose malocclusion as well as what age to refer a child to the orthodontist
however, this is only of benefit to the orthodontist and patient. There is a deficiency in
predoctoral orthodontic education in teaching about restoratively centered and
interdisciplinary teamwork; incorporating this into predoctoral education would provide
the background for general dentists to utilize orthodontics to achieve ideal restorative
results (Kokick 2013).
Jacobs, et al. conducted a survey in 1991 to assess general dentists who provide
orthodontic treatment to a significant portion of their patient population and general
dentists who refer a significant portion of their patient population to receive specialty care
from an orthodontist. The survey was distributed to 1159 licensed general dentists
practicing in Iowa and had a 62.8% response rate (728 responses total). 66.1% of
respondents indicated they offer some orthodontics services to patients; 45.7% provide a
low volume of treatment which entails less than 10% of their patient population and 20.4%
provide a high volume of treatment. As for the rate at which general dentists refer, only
4.7% said they do not refer and 93.7% do refer to orthodontists with the majority sending
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1-4 referrals per month. Of the 66.1% of respondents who provide orthodontic treatment,
the most common treatment provided is preventative and/or interceptive. Correction of
Class II and/or Class II malocclusions was the least common treatment provided among
this group. Overall, of the general dentists who provide orthodontic treatment it can be seen
that they are taking the initiative to complete more continuing education for orthodontics
than the dentists who are not providing treatment, are able to deliver more complex
treatment to their patients and do not refer orthodontic treatment outside of their office as
much as general dentists who do not provide orthodontic treatment do.
Wolksy and McNamara (1996) performed a study analyzing the “specific nature
and frequency” of orthodontic treatment rendered by general dentists in the state of
Michigan. A questionnaire was mailed to a random sample of 1020 general dentists and
had a 75% response rate (753 responses total). Only 19.3% of respondents indicated they
provide comprehensive orthodontic treatment and 57% offer limited orthodontic treatment.
Majority of the general dentists who offer orthodontics treatment spend less than 25% of
their chair time providing those services; only 1.6% report spending more than 50% of
their chair time on orthodontic services. Similar to the survey conducted by Jacobs, et al.,
majority of the dentists survey responses indicated they refer 1-4 patients per month;
however, the dentists who provide comprehensive orthodontics do not refer as much as
those who provide limited or who do not provide services at all.
A study by Galbreath et al., (2006) investigated the status of current orthodontic
treatment rendered by general dentists who also had a master’s degree through use of
national survey. The survey went sent to the 750 members of the Academy of General
Dentistry and 462 responses were returned. 29% of the respondents said they received their
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orthodontic education in dental school as a pre-doctoral student and 22% reported receiving
their education in continuing education courses. The 23% who reported receiving their
education through other means elaborated that it was through Invisalign certification,
experience in an Advanced Education General Dentistry program (AEGD), study groups
or through communication with neighboring orthodontists. Survey respondents were asked
to assess the quality of their pre-doctoral orthodontic education to which 55% answered
“poor”. The distribution of orthodontic malocclusions treatment was 57% space
maintenance, 37% anterior crossbite, 36% minor rotations, 33% habits and 33% molar
uprighting. The specific orthodontic appliances used in treatment were most commonly the
removable Hawley with finger springs as well as straight archwires, fixed rapid palatal
expanders and functional appliances.
Invisalign treatment can be carried out by either an orthodontist or a general dentist,
however a 2010 study by Vicens & Russo examined the difference in use of Invisalign
between orthodontist and general dentists. A 25-item survey was mailed to 122
orthodontists and 284 general dentists and inquired about background information,
Invisalign experience, initial certification and case selection. The selection aspect of the
survey involved with a series of six malocclusion cases provided only with intraoral photos
and asked participants if they would treat with Invisalign and how much experience would
be necessary prior to treating the patient. At the conclusion of the survey, it was determined
that more general dentists would start Invisalign cases over a twelve-month period
compared to orthodontists and that orthodontists have started and completed more cases
than general dentists who have been certified.
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2.6 Summary
This literature review includes an analysis on current pre-doctoral orthodontic
education, examination of the effects of the COVID-19 pandemic impact on dental
education, virtual patients in dental education and more specifically, the 3D virtual dental
experiences offered in dental schools. The most up-to-date research available was used for
this review, however with the rapid changes of virtual education implementation and the
effects of COVID-19 on dental education, more studies may be necessitated.
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CHAPTER 3
AIMS OF THE INVESTIGATION
This pilot study primarily evaluated the effect of incorporating 3D virtual dentition
model for virtual screening to determine if it would increase student comprehension and
efficacy of orthodontic diagnosis. In addition to the effect of 3D virtual dentition models,
analysis was conducted on the individual scoring criteria to evaluate any potential trends
that demonstrate where students are lacking understanding in their orthodontic diagnostic
decisions. The last aim of this study was to analyze the variance in diagnostic decisions in
a control group of subjects who solely utilized 2D photographs and subjects in an
experimental group who were able to utilize 2D facial photographs as well as a 3D virtual
dentition models.
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CHAPTER 4
MATERIAL AND METHODS
4.1 Educational Context of the Study
Pre-doctoral orthodontic education at the Maurice H. Kornberg School of Dentistry
consists of two didactic courses and an interactive rotation in the orthodontic screening
clinic. The first course, Craniofacial Growth and Cephalometrics, is taken during the
summer after the first year of the predoctoral curriculum and the second course,
Orthodontic Considerations in General Dental Practice, is taken during the spring of third
year. To apply the material learned in both didactic courses, students complete an
orthodontic rotation that primarily focuses on screening and diagnosing patients. Students
use the orthodontic screening form, also known as the Diagnostic Decision Form (DDF)
(Appendix A), to select their orthodontic malocclusion diagnosis and use this information
to choose an appropriate treatment for each patient seen.

4.2 Materials and Methods
The orthodontic screening clinic offers services to patients interested in receiving
orthodontic treatment, accepting insurance and private paying patients as well as patients
with referrals. Patients are typically screened by one dental student and one orthodontic
resident and are then comprehensively treated by a resident in the Graduate Orthodontic
Clinic. As third year dental students spend time in the screening clinic for their rotation,
they have the opportunity to meet these patients and practice their chairside manner,
enhance their interaction skills, and diagnose orthodontic malocclusions and assess the
patient’s orthodontic needs.
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The Class of 2021 and Class of 2022 pre-doctoral classes at the Maurice H.
Kornberg School of Dentistry are comprised of 150 and 148 students, respectively. During
their third year, students are randomly scheduled for one day in the orthodontic screening
clinic where they screen incoming patients. Two orthodontic residents and one orthodontic
faculty are present in the screening clinic to supervise and direct the rotating predoctoral
students. Students are to review relevant lecture material from Craniofacial Growth and
Cephalometrics prior to their rotation to aid them with the diagnostic and treatment
decisions.
Students utilize a diagnostic decision form (DDF) (Appendix A) to diagnose
patients with the following classifications:
1. Dental developmental stage – primary, mixed, permanent
2. Occlusal discrepancies
a. Anterior-posterior – Normal, Class II Div 1, Class II Div 2, Class III
b. Vertical – Normal, Open Bite, Deep Bite
c. Transverse – Normal, Posterior Crossbite, Anterior Crossbite
3. Arch length discrepancies
a. Normal, Maxillary Crowding, Maxillary Space, Mandibular Crowding,
Mandibular Spacing
4. Skeletal assessment
a. Anterior-posterior – Skeletal Normal, Skeletal Class II, Skeletal Class III
b. Vertical – Normal, Skeletal Open Bite, Skeletal Deep Bite
c. Transverse – Average, Broad, Narrow
5. Functional issues
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a. Habits
b. Interferences
c. Other conditions
Once students select their diagnosis, they conclude their patient examination and
determine the orthodontic treatment(s) they feel is most appropriate to recommend:
A. Orthodontic
B. Orthopedic
C. Extraction
D. Palatal Expansion
E. Surgical
F. Interceptive
The previous class, Class of 2021, assessed five live patients to score the DDF.
Students in the Class of 2022 assessed two live patients with the DDF, then two virtual
patients through extraoral and intraoral photos and a 3D virtual model scan (Appendix B
and C). The impact of COVID-19 stresses the importance of learning to diagnose patients
through virtual means, hence the change in curriculum. A 3D virtual model scan is a virtual
object that can be assessed on a computer screen; they are interactive and can be moved
around to allow for a more thorough understanding of anatomic structures or complex
contours (Mahrous et al., 2021).

Baseline data was collected from the last year’s

graduating predoctoral class, consisting of 150 students; average total scores and potential
significant trends in diagnosis selections were used as the control for this study. The current
fourth year class, consisting of 148 students, serves as the experimental group. The total
sample size of this study is 298 dental students. Figures 1 and 2 are visual illustrations
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demonstrating the difference in workflow between the control group and experimental
group for first two sections of this research study.

Review
Material Prior
To Rotation

Screen 1st
Live Patient

Screen 2nd
Live Patient

Screen 3rd
Live Patient

Screen 4th
Live Patient

Screen 1st
Virtual Patient

Screen 2nd
Virtual Patient

Screen 5th
Live Patient

Figure 1. Control Group Workflow
Review
Material Prior
To Rotation

Screen 1st
Live Patient

Screen 2nd
Live patient

Figure 2. Experimental Group Workflow

In a subsection of this study, a separate set of current third year pre-doctoral
students were recruited through email and randomly separated into two groups. Each group
assessed 5 patients through the DDF solely using digital intraoral and extraoral
photographs or intraoral photographs, extraoral photographs along with 3D virtual
dentition models (Appendix B and C) through Dolphin Imaging. Participants were able to
enlarge photographs and radiographs and also manipulate the 3D models to view all angles
of the dentition including occlusal, buccal, posterior as well as separate manipulations of
the arch. Participants assessed one patient at a time and when ready to move on were
provided with the next set of patient information. Group 1, comprised of 14 students, only
used intraoral and extraoral photographs to score the DDF and served as the control group.
Group 2, comprised of 14 different students, used the photographs as well as the 3D virtual
dentition models served as the experimental group. Figures 3 and 4 are visual illustrations
demonstrating the difference in workflow between the control group and experimental
group for the third section of this study.
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Review
Material Prior
To Rotation

Screen 2 Live
Patients

Screen 2 Virtual
Patients

Screen 5 Virtual
Patients (2D
records only)

Screen 2 Virtual
Patients

Screen 5 Virtual
Patients (2D +
3D records)

Figure 3. 2D Control Group Workflow
Review
Material Prior
To Rotation

Screen 2 Live
Patients

Figure 4. 3D Experimental Group Workflow

As orthodontic residents grade the pre-doctoral students DDFs, they have been
calibrated to enhance inter-rater reliability in assessing the student’s decisions. Calibration
was completed by reviewing the same material students are told to review before their
rotation, Diagnosis of Developing Malocclusion: A Systematic Approach to Diagnosing
Malocclusions in the Mixed Dentition. Residents were also required to assess virtual
patients through either photographs or photographs and 3D virtual dentition models to
further calibrate the study.
Outcome 1a: Compare differences in correct diagnostic scores using 10 item
diagnostic decision form between the control and experimental group.
Outcome 1b: Analyze any potential trends in scoring for individual diagnostic
decision items between control and experimental group.
Outcome 2: Compare differences in correct diagnostic decision scores in the suppopulation of subjects using only virtual patients between the control group and the
experimental group.
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This study was ultimately designed to evaluate the effects of 3D virtual dentition
models to aid in the diagnosis of orthodontic malocclusion. Is there a difference in the
ability to diagnose a patient when the patient is in the chair compared to when the patient
is virtual? Are there any potential trends in incorrect scores signifying that students are not
comprehending that particular orthodontic concept? Is there a difference in utilizing 2D
records compared to the addition of 3D records to aid in diagnosis of orthodontic
malocclusion?
The null hypotheses of this study are:
1. There will be no statistically significant differences in correct diagnostic decision
scores between the control and experimental groups.
2. There will be no statistically significant trends for individual correct diagnostic
decision items between control and experimental groups.
3. There will be no statistically significant differences in the diagnostic decisions
of the sub-population using only virtual patients between the control and
experimental groups.
The alternate hypothesis of this study are:
1. There will be statistically significant differences in correct diagnostic decision
scores between the control and experimental groups.
2. There will be statistically significant trends for individual diagnostic decision
items between control and experimental groups.
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3. There will be statistically significant differences in the diagnostic decisions of
the sub-population using only virtual patients between the control and experimental
groups.
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CHAPTER 5
RESULTS
5.1 Results Overview
To evaluate the overall differences in dental student performance between live and
virtual patients, the control group (n=150) was compared to the experimental group
(n=148). The Class of 2021 is the control group, diagnosing a total of five live patients
while the Class of 2022 is the experimental group, diagnosing a total of two live and two
virtual patients. To evaluate potential significance in individual question scores between
both groups, Class of 2021 was the control group (n=55) and the Class of 2022 was the
experimental group (n=64). The same students were evaluated from the previous
comparison; however, the entire data set was not available for individual question analysis.
In a separate study involving randomly recruited participants from Class of 2022, the
control group (n=14) utilized 2D records for orthodontic diagnosis was compared to the
experimental group (n=14) utilized 3D records. For the purpose of the screening rotation,
students were required to review the Diagnosis of Developing Malocclusion: A Systematic
Approach to Diagnosing Malocclusions in the Mixed Dentition PowerPoint presentation,
however this was not required for the students comparing 2D vs 3D records because they
completed their third-year orthodontic course, Orthodontic Considerations in General
Dental Practice, within the last year.
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5.2 Overall DDF Score Comparison of Class of 2021 and Class of 2022
Prior to attending the screening rotation, students from both classes were instructed
to review the same PowerPoint lecture that was initially presented in the Craniofacial
Growth and Cephalometrics class taught during the summer of first year. The control
group, Class of 2021, had an average score of 9.54 (SD=0.36) and the experimental group,
Class of 2022, had a statistically significant increase in mean score, averaging 9.70 (SD =
0.33) (Table 1). An independent sample, two-sided t-test was conducted for this analysis.

Table 1: Overall DDF Score Performance Class of 2021 and 2022

Total

Year
2021
2022

N
150
148

Mean Std. Deviation
9.541
0.362
9.700

0.332

Std. Error
Mean
0.029

p value (2sided)
<.001

0.027

5.3 Comparison of Class of 2021 and 2022 Individual DDF Item Scores
Participants from both groups were required to answer ten questions on the diagnostic
decision form for each patient evaluated. Overall, the total scores for this analysis between
the control and experimental were not significant considering the smaller number of total
scores; an independent sample, two-sided t-test was conducted for this analysis (Table 2).
A Pearson’s Chi-square test was used to compare the data for individual diagnostic decision
items between control and experimental groups. When comparing the control group to the
experimental group, there was only one question found to have statistical significance in
individual question performance. Item 10 in the DDF evaluates the student’s ability to
correctly identify appropriate treatment for the patient based off their diagnosis (Table 3).
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The remaining questions in the DDF were not found to have statistical significance (Tables
4-12).

Table 2: Modified Overall DDF Score Performance Class of 2021 and 2022

Total

Year
2021

55

Mean
9.562

Std.
Deviation
1.469

Std. Error
Mean
0.198

64

9.602

1.320

0.165

N

2022

P value (2sided t test)
0.231

Table 3: Recommendation for Orthodontic Management Performance

Total

Year
2021

55

Mean
0.963

Std.
Deviation
0.187

64

0.996

0.062

N

2022

Pearson’s Chi Square
P value
Value
df
5.662
1
0.017

Table 4: Diagnosis of Dental Developmental Stage Performance

Total

Year
2021
2022

55

Mean
0.963

Std.
Deviation
0.187

64

0.992

0.088

N
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Pearson’s Chi Square
P value
Value
df
1.052

1

0.305

Table 5: AP Buccal Occlusion Performance

Total

Year
2021

55

Mean
0.923

Std.
Deviation
0.267

64

0.928

0.262

N

2022

Pearson’s Chi Square
P value
Value
df
0.034
1
0.853

Table 6: Vertical Bite Dimension Performance

Total

Year
2021

55

Mean
0.972

Std.
Deviation
0.162

64

0.965

0.184

N

2022

Pearson’s Chi Square
P value
Value
df
0.090

1

0.764

Table 7: Transverse Occlusal Discrepancies Performance

Total

Year
2021

55

Mean
0.954

Std.
Deviation
0.208

64

0.976

0.151

N

2022

Pearson’s Chi Square
P value
Value
df
1.736

1

0.188

Table 8: Crowding/Spacing in Maxillary Arch Performance

Total

Year
2021
2022

55

Mean
0.950

Std.
Deviation
0.218

64

0.945

0.227

N
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Pearson’s Chi Square
P value
Value
df
0.058
1
0.809

Table 9: Crowding/Spacing in Mandibular Arch Performance

Total

Year
2021

55

Mean
0.963

Std.
Deviation
0.187

64

0.980

0.138

N

2022

Pearson’s Chi Square
P value
Value
df
0.730
1
0.393

Table 10: AP Skeletal Relationship Performance

Total

Year
2021

55

Mean
0.972

Std.
Deviation
0.162

64

0.953

0.211

N

2022

Pearson’s Chi Square
P value
Value
df
2.665

1

0.103

Table 11: Vertical Facial Development Performance

Total

Year
2021

55

Mean
0.936

Std.
Deviation
0.244

64

0.949

0.219

N

2022

Pearson’s Chi Square
P value
Value
df
1.532
1
0.216

Table 12: Transverse Facial Shape Type Performance

Total

Year
2021
2022

55

Mean
0.964

Std.
Deviation
0.187

64

0.953

0.211

N
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Pearson’s Chi Square
P value
Value
Df
0.116

1

0.733

5.4 Performance of 2D vs 3D Records in Class of 2022
In a separate study, 28 participants from the Class of 2022 were recruited and
randomly assigned to evaluating 5 patients either with 2D records (photographs and
radiographs) or 3D records (3D virtual dentition scan, photographs, and radiographs). This
group of students are now in their fourth and final year of dental school, having completed
their screening rotation the previous year. Traditionally for the screening rotation, students
are expected to answer all 10 DDF items and are able to speak to residents to rationalize
their choice of Recommendation of Orthodontic Management. For this portion of the
study, Recommendation of Orthodontic Management (Item 10) was not scored because the
participants were not able to ask questions or discuss while scoring patients. The control
group, participants using only 2D records for diagnosis, had an average score of 6.12
(SD=3.060) and the experimental group, using 2D and 3D records, averaged an overall
score of 6.22 (SD = 2.655). The results from the independent sample, two-sided t-test
comparing overall scores shows no statistical significance between diagnosis of patients
based on 2D vs 3D records (p=3.47) (Table 13).

Table 13: Overall DDF Score Performance; 2D vs 3D records

Total

Group
2D

N
14

3D

14

Mean
Std. Deviation
6.12
3.060
6.22

p value (2-sided)
3.47

2.655

Analysis of individual questions using a Pearson’s Chi-Square test reveals
statistical significance for Item 6 which evaluates the participants ability to correctly
diagnose mandibular arch perimeter discrepancy by selecting either normal, crowding or
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spacing (p=0.023) (Table 14). Item 4, which evaluates the participants ability to correctly
diagnose transverse occlusal discrepancies approached significance (p=0.053) but was
unable to meet the threshold for statistical significance (Table 15). The difference in
transverse perception can be seen in Figure 5, which reveals the variance in views of a
buccal crossbite between 2D vs 3D records. The remaining DDF items did not show
statistical significance (Tables 16-22).

Table 14: Crowding/Spacing in Mandibular Arch Performance; 2D vs 3D Records

Total

Group
2D

N
14

3D

14

Mean
Std. Deviation
0.94
0.24
1.00

p value (2-sided)
0.023

0

Table 15: Transverse Occlusal Discrepancies Performance; 2D vs 3D Records

Total

Group
2D
3D

N
14
14

Mean
Std. Deviation
0.66
0.48
0.81

p value (2-sided)

0.40

Figure 5. Comparison of Buccal Crossbite View in 2D vs 3D records

28

0.053

Table 16: Diagnosis of Dental Developmental Stage Performance; 2D vs 3D Records

Total

Group
2D

N
14

3D

14

Mean
Std. Deviation
0.99
0.12
0.98

p value (2-sided)
1

0.12

Table 17: AP Buccal Occlusion Performance; 2D vs 3D Records
Total

Group
2D
3D

N
14
14

Mean
Std. Deviation
0.43
0.50
0.47

p value (2-sided)
0.496

0.50

Table 18: Vertical Bite Dimension Performance; 2D vs 3D Records
p value (2-sided)
Group
N
Mean
Std. Deviation
Total
2D
14
0.82
0.39
0.852
3D

14

0.84

0.37

Table 19: Crowding/Spacing in Maxillary Arch Performance; 2D vs 3D Records
p value (2-sided)
Group
N
Mean
Std. Deviation
Total
2D
14
0.82
0.39
0.079
3D

14

0.69

0.47

Table 20: AP Skeletal Relationship Performance; 2D vs 3D Records
p value (2-sided)
Group
N
Mean
Std. Deviation
Total
2D
14
0.67
1.37
0.866
3D

14

0.52
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0.50

Table 21: Vertical Facial Development Performance; 2D vs 3D Records
p value (2-sided)
Group
N
Mean
Std. Deviation
Total
2D
14
0.57
0.39
0.734
3D

14

0.52

0.50

Table 22: Transverse Facial Shape Type Performance; 2D vs 3D Records
p value (2-sided)
Group
N
Mean
Std. Deviation
Total
2D
14
0.39
0.49
0.390
3D

14

0.45
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0.50

CHAPTER 6
DISCUSSION
Virtual patient education has become increasing popular in dental schools across
the world over the last decade but especially in the last two years. The COVID-19 pandemic
has prevented continuous in person education; this not only disrupts the ability of students
to learn from teachers, but especially in a dental setting disrupts patient care (AguilarGalvez et al., 2020). Dental schools around the world have resorted to virtual curriculums,
workshops, and assessments to proceed with the delivering the necessary education to
students (Haridy et al., 2021).
According to Klein, et al. in 2011, compared to a traditional, non-virtual
environment, students have demonstrated increased content understanding and recall
having the ability to fully utilize online material. It has been shown that for dental students
who are taught through virtual assessment, educators have a greater aptitude in evaluating
their capacity to diagnose, critically think, and clinically reason through virtual assessment
(Saeed et al., 2020). The use of virtual patients in dental school curricula has also been
shown to increase the comfort level of students, particularly with special needs patients
(Cederberg, 2012). The development needed for a dental students critical thinking skills
can be achieved through these dynamic interactions.
The use of 3D dental experiences has been seen in pre-clinical settings where dental
students typically rely on typodonts and manikins (Mai et al., 2020). However, there has
been no reported literature on 3D virtual dentition scans being used in pre-doctoral
orthodontic curriculums.
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6.1 Overall DDF Score Performance
The results of this study show that the total score performance on the DDF was
significantly higher for the experimental group, Class of 2022 compared to the control
group, Class of 2021 (9.70 vs. 9.54). This suggests that the incorporation of virtual patients
and 3D virtual dentition models enhanced understanding of orthodontic concepts, therefore
improving the overall score. Both Class of 2021 and 2022 received the same pre-doctoral
orthodontic course lectures, had achieved the same pre-requisites to matriculate to their
third year and had experienced setbacks with COVID-19 indicating that this significant
difference is driven by a difference in teaching modality as opposed to education delivery.

6.2 Individual DDF Item Performance
Despite there being a significant increase in overall score, only Recommendation
of Orthodontic Management showed an overall higher score in the experimental group
compared to the control group. The lack of significance may possible be explained by the
smaller sample size available for this specific analysis. The significance reported may
indicate that the use of and ability to manipulate the 3D virtual dentition models allows the
time for students to visualize the treatment they are thinking of prescribing. When
examining a live patient, there may be limitations such as hypertonic musculature, inability
to view from the posterior and the pressure of having to decide on a treatment modality
when chairside.
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6.3 Performance of 2D vs 3D Records
This portion of the study implemented a standardized, structured environment
comparing the performance of participants using either 2D records or 3D records.
Interestingly there was no overall score significance reported; however, the correct
diagnosis of Crowding or Spacing in the Mandibular Dental Arch was overall increased
when participants had access to the 3D virtual dentition scans (1.00 vs 0.94). Transverse
Occlusal Discrepancy scores approached but did not reach significance in the 3D records
group. This reinforces idea mentioned previously, that despite having the same pre-doctoral
orthodontic training, completing necessary pre-requites to matriculate to their fourth year
and experiencing similar barriers with the COVID-19 pandemic, the incorporation of 3D
virtual dentition models creates a difference in understanding orthodontic diagnosis and
treatment planning. However, this difference is not significant; the highest and lowest total
score for students analyzing 2D records is 36/45 and 25/45, with the median being 31.5/45.
For students analyzing both 2D and 3D records, the numbers were nearly identical; 35/45
as the highest score, 25/45 as the lowest score and a median of 31.5/45. These scores are
considering the skeletal component of assessment despite the 3D records only being
available for the dentition. These results suggest that 3D records, in fact, did not help
students with their patient assessments.
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6.4 Limitations and Future Directions
A possible limitation of this study was the lack of availability of data when
analyzing individual score comparison between the Class of 2021 and Class of 2022. For
the Class of 2021, the data available was only from the spring semester January -March
2020; typically, the semester extends into April however due to the pandemic shut down,
the remaining assessments were conducted in a non-traditional manner and were not
included in this study. To match the participant sample size for Class of 2022, the data
analyzed was from January-March 2021. Both groups were enrolled in their third year
Orthodontic Considerations in General Practice course which may have influenced
potential higher scoring although it was not found to be significant for the smaller group
analysis.
Another possible limitation of this study was the small sample size recruited to
evaluate 2D vs 3D records. A larger sample size may have demonstrated an overall
increased significance i.e., Item 4 Transverse Occlusal Discrepancies approaching but not
reaching significance. Students may have benefitted if they were provided with the same
PowerPoint presentation as in the screening rotation to review crucial diagnostic and
treatment planning concepts and criteria. Conversely, given the large standard deviation in
answers selected, only two-thirds of the students answered items correctly indicating that
sample sizes may not have contributed to the data outcome.
The lack of pre-study preparation is considered a limitation in this study. Students
are required to review a PowerPoint as well as diagnose two patient cases prior to their
rotation, which ensures the student’s knowledge is refreshed and they are prepared for the
screening rotation. In this study, students from the Class of 2022 had a six-month gap
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between their screening rotation and the research investigation with no pre-research
material to review. It is evident that a six-month hiatus in exposure to orthodontics affects
the recall of orthodontic knowledge as the dental students overall scores in screening were
higher than in the conducted research study.
A potential future direction of this study includes a more interactive aspect where
students are enabled to explain their rationale for each diagnostic item and treatment
planning recommendation. This would allow further research into dental students
understanding of orthodontic concepts. Being able to evaluate what is strongly
comprehended compared to what is weakly understood could then be reflected in their
dental education to ensure that they graduate with an even further understanding of
orthodontic diagnosis and treatment planning. Another future direction involves a twophase study to calibrate participants before the study takes place; this can include using a
diagnostic rubric where students must score 80% before moving onto the second phase
which would be a replica of the study of 2D vs 3D records.
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CHAPTER 7
CONCLUSIONS
The results of this investigation demonstrate the importance of the addition of 3D
virtual dentition models in enhancing dental students’ orthodontic education. This study
reinforces the significance of virtual patients and 3D virtual dentition models in predoctoral curricula, especially considering recent pandemic-related barriers to education.
The ability to diagnose and treatment plan with the incorporation of virtual patients with
3D models was shown to have statistical significance compared to diagnosis of live
patients.
A comparison of overall scores of Class of 2021 and Class of 2022 reveals a
statistical significance showing an overall increased score for Class of 2022, indicating that
the addition of virtual patients into the curriculum is beneficial for academic understanding.
When comparing individual questions between Class of 2021 and Class of 2022,
statistically significant results indicate that students had an overall independent increased
ability to correctly score Recommendation of Orthodontic Treatment. Students who were
provided with 3D records were able to score Crowding or Spacing in the Mandibular Arch
more accurately than students who were only provided with 2D records.
With the assistance of 3D records, there is a difference in ability to diagnose a
patient virtually compared to the traditional chairside experience. Providing a standardized
format, prompt feedback and allowing for a thorough analysis of the patient’s dentition
prior to diagnosing them is not only beneficial for the student in the screening clinic, but
also for the long-term success of orthodontic considerations as a general dentist.
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APPENDIX A: DIAGNOSTIC DECISION FORM (DDF)
Diagnostic decision form used by students during orthodontic rotation to screen
live and virtual patients.
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APPENDIX B: 2D RECORDS OF 5 VIRTUAL PATIENTS
Extraoral photos, intraoral photos, panoramic radiographs and lateral cephalograms
used by participants to score DDF.
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APPENDIX C: 3D RECORDS OF 5 VIRTUAL PATIENTS
3D virtual dentition models used by participants to score DDF.
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