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ABSTRACT

Dentalwtraditionally requires the use of dedicated fixed preclinical facilities to
provide @ i-relevant experiences to support the development of dexterity, critical
thinkilg, Mf—assessment skills that are essential for excellent patient care. As a
result of thﬁl distancing guidelines instituted at the height of the COVID pandemic,

dental edlicatio) was severely affected when education pivoted to remote instruction

C

and had nt restrictions on in-person training. This project evaluated a novel

S

application_of modern technology to allow students to perform clinically-relevant

3

hands-on es away from the dental school and, most importantly, receive

feedback @n their performance as an aid in their development. Student surveys and a

f

comparis e- and post-COVID grades were used to evaluate the effectiveness of

c

the virtual®eli o support remote dental education.
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INTRODUCTION

Competent technical skills are necessary to allow students to progress towards
clinical proficiency and excellence and allow them to graduate to lifelong learning and
safe prac ral dentistry. These hands-on skills depend on procedural
repetiti-orsmned with the ability to identify and correct mistakes in the process and,
are norm t&wght in the simulation laboratories (preclinic). The development of
these skills ire expert coaching and guidance so they are consistently reinforced
and impr ing student’s supervised clinical care.

The @dented COVID-19 pandemic created significant challenges for dental
schools to ands-on clinical skills. The changes in on-site, in-person preclinic and
clinic ope significantly impacted the amount of potential opportunities available
for stude@velop their manual dexterity, critical thinking, and self-assessment
skills t ical for excellent patient care.

An of reports have evaluated a variety of online distance learning tools.
One group reported on the relative success of distance learning techniques for
orthodonhents by using recorded interactive seminars and video conference
follow-uions for in-office continuing education.! The participants reported
that it wa joyable, effective way to learn, and that they would like to participate in
this ty:(;g in the future. One systematic review of teledentistry for education
evaluated the impact of tele-education in the field of orthodontics.2 The results showed
that orth i¢distance learning is an effective but complementary element, with no
signifi¢nces, to the traditional method of teaching. Both of these studies
reveal that partf€ipants see the value in these techniques and appreciate their potential

impact.

This article is protected by copyright. All rights reserved.



A survey of 8 countries was done to determine the current status of online

learning tools being adopted at dental schools and the barriers that thwart the potential

of adoptio ese tools.3 The results showed that many online learning tools are
being suc opted at dental schools, but computer-based assessment tools are
N

the least glnccessful.

The gRistfg distance learning tools primarily focus on information dissemination
and transfer as opposed to hands-on skill development. Remote communication
systems, mloom (Zoom Video Conferencing, Inc), Skype (Microsoft), and
Blue]eans@n), allow for effective person-to-person communication from remote
locations.;er, no existing platform was identified for providing hands-on

exercises mpleted with a remote communication capability.

The nt reduction in on-site, in-person spaces for use in dental school
precli instigated the development of the Michigan Virtual Clinic. This project
develo emented, and evaluated a Virtual Clinic environment to create
opportunities for hands-on exercises to be completed remotely from the dental school
facilities hoviding synchronous and asynchronous student-faculty assessment

and feedg remote communication. The Michigan Virtual Clinic activities

attempte itigate the loss of student in-school preclinic opportunities by allowing
the stx&rticipate in clinically relevant exercises that would continue to
develop exterity, reinforce operator hand skills, and clinical judgement
remotely e dental school.

METH D MATERIALS

The Mic n Virtual Clinic course assessment was submitted to the Institutional
Review Board (IRB) at the University of Michigan and considered a project exempt from

IRB monitoring as it involved an anonymous student evaluation of an educational
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processes and the evaluation was not a consideration in the student’s course grade.
Exempt projects are not assigned HUM numbers.
Theﬁfm\/irtual Clinic environment involved three key elements; equipment
to compl n exercises remotely from the School of Dentistry preclinic, video
 EE—
camera rdgording capability for transmitting video images remotely, and a

communig@tioMplatform to facilitate faculty assessment and feedback as well as student

self-assessment of the exercises.
An € i#l element of the Michigan Virtual Clinic was to secure portable

equipment to allew students the opportunity to complete the typodont exercises

outside t;nic facilities at the school of dentistry. Remote Operating Kits (ROK)

containe tric handpiece motor unit (Optima/Bien Aire) with a friction grip
handpiec%ment. (Figure #1) The unit only requires an electrical outlet for power.
The R any restrictions on student practice due to COVID-imposed limitations
on use eclinic facilities. Students could use the ROK at any location of their

choosing as long as it had an electrical outlet to run the unit. Students used their own
typodontLplete the exercises and the needed replacement teeth, diamond burs,

and additio pplies were already available from the preclinic.

The essential element was to identify a predictable technique for recording
macro;he typodont preparations for student and faculty assessment.
Studen%viously been provided an iPad (Apple) for use in their coursework.

The iPad video at 30 fps (frames per second) and an inexpensive ring light

attach s secured for each iPad to improve the quality of the video recordings.

(Figure #2) Spé€€ific instructions on how to record a video, save the video, and example
videos were provided to the students. Students were taught to record a consistent

series of views of the exercises in each short video. The video began with a focused
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image form the occlusal along the preparation path of insertion to evaluate draw and
undercuts in the axial walls. The iPad was rotated for a facial view of the preparation to

view ang@acent teeth. The angle of view was rotated to view down the buccal

corridor the two-plane reduction of the preparation. The iPad was rotated

N
to a view @f the occlusal from a lingual perspective and the rotated to a direct lingual
view to se@theSingual half of the preparation. And the video concluded with a view of

the typodontin maximum intercuspation to vie the occlusal reduction and clearance.
The video d d#€ paused by faculty at any time to evaluate surface details such as smoothness,
margin fid@ extensions. The videos were generally less than 5 minutes in length
and allow asy upload to Canvas (Instructure) and review through Zoom.
Example n captures from the videos are included in Figures #3 and #4.
Can@ructure) is the learning management system used by the School of
Dentis al Clinic Canvas site contained specific, detailed instructions on how
to use th e Operating Kit (ROK), recording and uploading the videos used for
assessment during the Virtual Clinic, instructions for completing the all-ceramic crown

and onlaMnt exercises and due dates, as well as the location for all student

uploads fletion of the exercises. Zoom (Zoom Video Communications) was used
to schedu ronous meetings for all students and faculty in the course to review
exerciﬁ questions on project issues, and ensure consistency in communication
during th! course.

Ato Remote Operating Kits were purchased through an educational grant.
This al{efntire third year dental class to complete the series of hands-on
exercises in a le term by dividing them into three separate cohorts. Each cohort of
students had seven groups of students mentored by a faculty member which was a

similar ratio as in the undergraduate clinics. Two additional faculty members were
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responsible for the Virtual Clinic project, managing the overall course content, Canvas

instructional site, and securing supportive materials for the Virtual Clinic.

Distﬂunicadon was the third and last essential element for the Michigan
Virtual Cli niversity of Michigan School of Dentistry implemented Zoom for
 EE—

on-line cdinmunication in both synchronous and asynchronous applications. Dental
students fa@ulty use this communication software routinely for didactic courses as
well as on-li ieetings. The familiarity of the faculty and students with Zoom

facilitate plementation of the platform for the Michigan Virtual Clinic.

Third-yearfelental students at the University of Michigan School of Dentistry

usually cm didactic course (DENT #732) on adhesive ceramic and digital

restorati g the fall term. This course was moved earlier in the curriculum to
the Sprin@er 2020 term as part of the curriculum shifted due to the COVID-19
pande nds-on typodont exercises usually associated with the course could
not be ed in-person during the summer term due to social-distancing
limitations on use of the preclinic facilities. These students were enrolled in the Virtual

Clinic (DMOb) course during the fall term 2020 to supplement their clinical

activitiesrnal school Digital Dentistry website containing an extensive series of

instructio os with detailed information on tooth preparation principles for a

variet mic restorations was used as the reference material for the exercises.
All's roups were assigned the same amount of contact hours and dedicated

practice ach student group was scheduled for the Virtual Clinic 2 half-days per

week. @ay was dedicated time for students to work on the assigned typodont
exercises, video fecord their exercises, complete a self-assessment and focus their
questions for discussion. Realizing that students had significant flexibility in scheduling

their time since they had the ROK for the entire rotation, this half-day was primarily to
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communicate the Virtual Clinic was part of their coursework. The second half-day was a
mandatori synchronous Zoom meeting with the faculty mentor for each student group.

This Zomﬁingfollowed a specific format. Students had 3-4 tooth preparations to

complete

 EE—
uploadedf@o the Canvas site prior to the weekly Zoom synchronous meeting. The initial

. The first assigned preparation was recorded by the student and

part of thgfZoofymeeting (approximately 1 hour) focused on reviewing the initial
videos as a group, discussing common improvements to be made, and clinical questions
relating tw)e of preparation. The second portion of the synchronous Zoom
meeting, after a Break, was focused on individual student feedback on any of the
additiona ises students had completed and videos submitted. Students would
submit a eo of all their completed assigned preparations prior to the

subsequ meeting. Faculty would use the final videos to evaluate and grade

async s part of the course grading plan.

It ected that some students would require additional faculty feedback time
than scheduled during the Zoom meeting each week. Additional Zoom meetings were

schedulehlty that allowed any student from any group to have additional

feedback preparations.

The Miehigan Virtual Clinic was evaluated using student questionnaires and
stude test if this strategy promoted the development of students’ manual
dexterity, d in engagement in clinically relevant hands-on exercises, enhanced

critical th nd reinforced self-assessment. The course final grades were
comp revious years in-person cohorts. Pre and post clinic questionnaires were

also used for asSéssment of student’s perception on their full remote experience.
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RESULTS

The Virtual Clinic effectiveness was assessed using two data sets: student’s grades

and studengsg@answers to pre and post virtual clinic surveys.
Simi nt exercises were completed during DENT #732 during previous
 E—

years the@ourse was offered. These all-ceramic preparation exercises were completed
by studeng® withyno assigned preclinic time. Students generally used the preclinic to
complete the exercises and sought feedback from faculty in the clinic. Students were
provided m‘ntive for doing well on the exercises in that if they scored and A or A-
grade on the exédkcises, they would not be required to take the course final exam and
receive t for both the exercises and final exam grade. The grades from 2019
were co':gu those earned during the Virtual Clinic rotation.

The fi @ rades for the Virtual Clinic and DENT #732 are compared in
Table -ceramic preparations for years 2016 - 2018 included two
posteri ic crowns, one adhesive ceramic onlay, and two anterior veneer
preparations. Since anterior crown preparations were not included in 2019 and
2020, thehs were not used for comparison. The all-ceramic preparations
for 2019 @ | one lithium disilicate crown preparation, one full zirconia
crown pr ion and two adhesive ceramic onlay preparations. The Virtual
Clinic i;ree full contour zirconia crown preparations, three lithium

disilicate ﬂreparations, three adhesive ceramic onlay preparations, and

two endo reparations. The group of students in the Michigan Virtual

Clinic qmilar grades and distribution compared to students from the
previous year with similar tooth preparation exercises supporting the
hypothesis that the virtual environment was as effective in teaching the hands-

on exercises.
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A pre-rotation and post-rotation questionnaire to identify student perceptions and

concerns on the Virtual Clinic were reviewed. The pre-course questionnaire revealed

that studcﬂe videos would be useful for discussion (72%; 29% strongly agree,

43% som

N
(58%; 228 strongly agree, 36% somewhat agree).

e), but were less convinced they would be of value for grading

The gBst"@urse questionnaire showed a shift in student’s perceptions about the
videos. More than half of the students (60%) reported that recording the videos of their
preparati easy to do and 90% of the students reported it was easy to share their

videos over Zoolh. A significant number of students (84%) reported that the use of the

Ul

videos ge faculty feedback that was easily interpreted as both the students and

n

faculty vi e same video. Overall, 67% of the students felt that the remote

teaching des elped in better learning of ceramic preparations.

d

titudes about the Michigan Virtual Clinic evolved as well.

Before se, students were understandably upset that their patient

%

treatment time was reduced due to the COVID-19 restrictions. They were less

[

than ent ie that distance learning experiences were substituted. Student’s

perceptiof virtual clinic became quite positive after the course. The post-

question icated that most students were satisfied (strongly agree and
agree with the format of the course as they believed that the remote

design of s helped in better learning of ceramic preparations (66.9%) and

Uth

helped p em for future clinical treatment (69.2%). Seventy-seven

perce students felt that evaluating other student’s preparations in a

A

group setting useful to their understanding of the hand-on exercise.
Students sometimes complain about faculty availability during preclinic

courses but during the virtual clinic there was sufficient faculty for both asking
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questions (95.0%) and receiving feedback (90.9%). Interestingly, students agree

that the faculty feedback they received via Zoom was as useful as what they

usually recgigein the preclinic (71.1%) or clinic (64.5%).

St\arted that the hands-on exercises were more beneficial when
 EE—

practicinginew concepts or preparations that they have not had a chance to
practice ré®uch as onlays and endo crowns. Eighty-seven percent of
students found the onlay exercises to be beneficial compared to 65% for zirconia
crowns a for lithium disilicate crowns.

DISCUSSION s

T ;f dental education is to bring students to a level of safe,
independ€nt; effective work performance prior to graduation from dental

school.# @must develop and consistently practice fine motor skills with

=

prope dback and coaching to achieve this goal. During the course of
the COV andemic, the practice of fine motor skills was abruptly
interrupted and limited due to stay at home orders or social distancing
restrictiogctively. The Michigan Virtual Clinic was developed and
implemellow the continuation of student education and training at sites
remotely School of Dentistry.

te Operating Kit was essential to the virtual clinic as it allowed
students ice hands-on technical skills remote from the dental school.
Most of t nts (59%) felt the equipment to be easy to use for completing
their e{A few obstacles to using the ROKs were reported by the
students. The aCtumulation of dust and debris generated without a high volume
suction was a common complaint. Student’s used several techniques to overcome

this problem, with the most common ones including using a small vacuum
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nearby to collect dust periodically and using wet towels under the typodont to
collect the dust while preparing teeth. The friction grip handpiece tended to heat
up relativ ickly (within 10 minutes of continuous use) without the use of
water coaitating stopping to let the handpiece cool before continuing.

H
Although @hese kits were implemented in response to distance learning during a
pandemi e ROKs may prove useful in the future to expand preclinic activities
without the need for actual preclinic spaces. The ROKs may also provide an
alternati r gfudents to increase their practice time in the development of
manual skills if dgcess to the preclinic is limited.

Regeimimgifeedback is the single most influential and basic factor that
affects st rofessional growth.5 Without feedback from faculty, errors
cannot bd, and students cannot reach their professional goals.® During
the m eekly synchronous Zoom sessions students and faculty
revievEdent videos of their exercises together, promoting an experience
of group and peer learning. The ensuing discussions included technical skills,

problem hand questions related to the mechanics, properties and

characte @ each material or preparation which encourages critical

thinking. i ble to see a small part of a preparation, magnified in size on the

N

comp r, aided the visualization of details not easily perceived in the

{

U

preclini ic environment. Atleast 6-7 videos (Exercise 1 from each

student) iewed during the mandatory synchronous meetings. These

review, important in allowing both enough repetitions to emphasize

A

important pointS'but also allowing differences to be seen, fomenting a rich

discussion environment.
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The weekly synchronous meetings were the first time most students were
exposed to peer review of their clinical work as preclinic courses were primarily
one-to-on ty to student reviews. Most students were surprised that they
had similﬂl abilities, questions, and problems to overcome. These

 E—
similaritis helped minimize stress and encouraged an anxiety-reduced
atmospheg@ foRghe faculty feedback discussions

Developing excellent clinical skills also depends on the clinician’s ability to
critically agéess outcomes in order to identify areas for improvement and

implement efforfs toward that goal. The ability to Identify critical errors comes with the

develop student’s self-assessment skills, allowing for improved outcomes and
lifelong 1 * The joint assessment by the faculty member and the student opens
discussioe providing opportunities to improve student performance and self-
direct . When students provide accurate self-assessments, it is an important
part of cLifi inking and improves learner outcomes.” The joint assessment by the

student and faculty often occurs in one-on-one interactions and may lead to similar
repetitivL;ions with other students. One goal of the Virtual Clinic was to provide
these opes for effective and valuable faculty and self-assessment discussions in
a virtual Srnd explore the value of the virtual setting for student feedback.

One limitation of the Remote Operating Clinic is that it may not be an optimum
technique for learning ergonomics for clinical dentistry as mounted mannikin heads
were not used for the tooth preparations. Students were allowed to use typodonts
sitting on table tops instead. The unpredictable nature of what students may have
available for mounting the mannikin heads was the primary factor in not attempting to

use them in this experience. The Remote Operating Clinic was developed to create
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supplemental opportunities for hands-on exercises when on-site laboratories were not

available. And it was shown to be valuable for this application.

Ac @ of pre-clinical courses and early learners is the desire to copy an
“ideal” erWn as opposed to gaining an understanding of the underlying concepts
and princhecially for all ceramic preparations. Peer discussion groups have

shown tognhange learning experiences.? The Michigan Virtual Clinic project explored

C

faculty fa peer discussion groups to enhance the development of the principles

S

of all ceramic restorations and subsequently to improve both critical thinking skills and

U

manual s ded for patient care. The creation of small virtual learning groups

provided ghe structure for peer discussion and faculty feedback.

[

CONCLUS

ck

Th gan Virtual Clinic was developed, implemented, and evaluated

as aresp facility limitations imposed as a result of the COVID-19

V]

pande t pre- and post-course questionnaires showed that this

innovativg teaching strategy utilizing video recordings transmitted via a distance

[

learning pl m was well-received by students. Similar grades when comparing

O

the virtua ith the in person environment demonstrated that the virtual

clinic wagleffective in teaching all-ceramic tooth preparation skills while

g

provid ilithi and student’s flexibility.

t

AU
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FIGURES and TABLES

Table #1° bpoaont all-ceramic preparation exercise grades for DENT #732 and the Virtual
Clinic.

DENT 732
2019

106

17

Total C 7 129
students

RemoTe
OPERATING

DENTISTRY K”

motor ang@ttachments, supplemental light for the iPad, bur block and diamonds, and
repl '*‘-‘-ﬂ typodont teeth for the Virtual Clinic exercises.
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Figure 2: The ;:'Sple supplemental ring light for use with iPad to record videos

ple screen capture of a student video recorded with the iPad of their
ay preparation.

S
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Figure 4: screen capture of a student video recorded with the iPad of their
premolar onfay preparation.
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