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Abstract
Introduction: Dental education was brought to a halt with the emergence of
coronavirus disease (COVID-19). Traditional dental education comprised stu-
dents working closely with instructors in a clinical laboratory setting; however,
public health precautions necessitated a shift to a virtual learning platform. A
scoping review of dental education practices since the start of the pandemic will
help to understand approaches instructors have taken to provide dental educa-
tion during this unprecedented time and suggest future applications of virtual
learning in dental education.
Methods: We performed an exhaustive scoping literature search of primary
peer-reviewed intervention articles published between December 2019 and April
2021 using the following databases: Academic Search Premier, Cochrane Library,
Embase, ERIC, LitCovid, MedEdPortal, MedRxiv, Medline, Scopus, and Web of
Science. The selection process included two independent reviewers through each
phase of review. Articles were categorized and analyzed by domain.
Results: A total of 629 articles were identified; after titles and abstracts were
reviewed, 66 articles were selected for full-text review. Following full-text review,
41 articles met eligibility criteria and comprised our study sample. Articles were
arranged within domains of assessment, instruction, instructional technology,
and software. The advantages to online dental education included improved
accessibility, willingness to accept new assessment techniques, and lower anxi-
ety levels. Barriers included problems with technology, classroom time manage-
ment, lack of student interaction, and absence of hands-on training.
Conclusion:Evidence suggests emerging best practices in dental education dur-
ing COVID-19, and recommendations for the future of virtual and distance learn-
ing in dental education.
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1 INTRODUCTION

The emergence of the COVID-19 pandemic changed how
dental education was delivered in early 2020.1 Quarantine
and lockdown regulations required many dental and den-
tal hygiene programs and schools to close with only hours’
notice to minimize the spread of COVID-19. The inability
to social distance in lecture classrooms, as well as the clinic
laboratory classrooms, required dental instructors and stu-
dents to leave campuses for an indefinite amount of time,
necessitating a shift to completely virtual education. The
rate of COVID-19 transmission rose quickly, producing stu-
dent and community concerns of safety in dentistry forcing
dental education to immediately shift from an in-person
education to an online format.
Dental and dental hygiene education involves both

didactic and clinical skills training. Students work in
close proximity to instructors to observe step-by-step
procedures, and then students demonstrate the proce-
dure on patients.2 Questions about the health risks for
instructors and students performing clinical work, as well
as concern over the transmission of COVID-19 through
aerosols, forced direct contact clinical instruction to cease
in most cases until updated guidelines for personal pro-
tective equipment (PPE) in dentistry were established,
and the rate of infection decreased.3,4 Thus, most train-
ing aspects of dental and dental hygiene education were
shifted to a virtual learning platform.5 Virtual clinical
skill training was more problematic, as it was diffi-
cult to mimic the in-person clinical environment. Stu-
dent preparedness is linked to an adequate amount of
hands-on practical experience in order to graduate den-
tist and dental hygienist who are capable and confident
in their ability to safely treat patients.6 COVID-19 initi-
ated shifts in dental and dental hygiene education that is
still ongoing and presenting challenges, especially given
the delta variant and slow progress of global vaccination
efforts.7
It is essential to understand and education practices in

the virtual era, so practices can be integrated when return-
ing to in-person learning or in place where COVID-19 still
exists. To date, only one systematic review on this topic has
been published; however, it was limited by strict inclusion
and exclusion criteria, a short period of observation, and a
relatively small sample size.8 The scoping review approach
was chosen to answer the research question using multi-
ple types of resources. The objective of our scoping review
was to sample a large body of research over a broader
period of time to understand approaches instructors have
taken to provide dental education during COVID-19 and
suggest future applications of virtual learning in dental
education.

2 METHODS

2.1 Literature search

A scoping search of the literature was conducted by amed-
ical librarian in the Academic Search Premier, BioRxiv,
Cochrane Library, Ovid Embase, Proquest ERIC, Google
Scholar, LitCovid, MedEdPortal, MedRxiv, Ovid Medline,
Pubmed, Scopus, and Web of Science Core Collection
databases to find relevant articles published from January
1, 2019 to April 12, 2021. Databases were searched using a
combination of controlled vocabulary and free text terms
for COVID-19 and dental education. The search was peer-
reviewed by a second medical librarian using peer review
of electronic search strategies.9 Details of the full search
strategy are listed in Online Appendix B. The preferred
reporting items for scoping reviews and meta-analyses
statement for reporting was used for this study10 (Online
Appendix A). The protocol was registered a priori on Open
Science Framework (https://osf.io/b9em3/).

2.2 Study selection criteria

Citations from all databases were imported in an End-
note x9 library (Clarivate Analytics, Philadelphia, PA).
After removing duplicates using the Yale Reference Dedu-
plicator, the remaining set of articles was imported into
Covidence (Covidence, Melbourne, Victoria, Australia), a
screening and data extraction tool.11 Two authors indepen-
dently screened the titles and abstracts to determinewhich
studies would undergo full-text review. The full text of the
resulting papers was then reviewed for inclusion by two
authors independently. In both screenings, a third author
resolved any disagreements. Studies were included if they
comprised original quantitative research and described an
intervention of any design. Studies were excluded if they
were not available in English, were the incorrect study
design (e.g., commentaries, letters to the editor, or confer-
ence abstract), duplicates, secondary analyses, or no origi-
nal data reported.

2.3 Article review and data extraction

Data extraction was done by the authors using the Covi-
dence app from the primary articles. Any inconsistencies
observed were settled after a scrupulous discussion. The
articles were segregated in the domains based on the types
of interventions used in the studies. In this way, we were
able to meaningfully synthesize the data. Then, informa-
tion from these articles was extracted relative to the study

https://osf.io/b9em3/
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characteristics: author, type of intervention, date received
by the journal, country, sample description, intervention
delivery, intervention description, results, and notes. Stud-
ies lacking information about sample size and intervention
typewere also included in our review. To overcome this dis-
crepancy and gather the missing details, we emailed the
authors of those studies to collect additional details about
the sample. A second data matrix was created, identifying
the best virtual practices in dental education along with
their merits and demerits.

2.4 Data synthesis

Studies were categorized based on the four domains devel-
oped after the sample was created: assessment, instruc-
tion, instructional technology, and software. We batched
according to the predominant domain of a given study to
more fully synthesize the findings. Where available, out-
comes for each study were summarized and compared in
terms of the promising strategies, merits, and demerits.
We were unable to perform a meta-analysis due to signif-
icant variations in study design, participants, outcomes,
and intervention design.

3 RESULTS

A total of 629 articles were identified from the litera-
ture search. In all 522 articles, titles and abstracts were
deemed irrelevant to the topic of study. After full-text
review of 107 articles, 20 duplicates and 66 full-text
reviews were eliminated primarily due to wrong study
design (Online Appendix C). Overall, 41 articles met
the eligibility criteria and informed our study sample
(Figure 1).12

3.1 Selected studies characteristics

Twenty-five of the selected studies were conducted in
North America, and eight, seven, and one studies were
conducted in Asia, Europe, and South America, respec-
tively. Almost three-quarters of eligible studies were
published in the Journal of Dental Education, a jour-
nal focused on peer-reviewed scholarly work in dental
education.
After extracting the data, we identified four domains

for the studies: assessment (n = 9), instruction (n = 13),
instructional technology (n = 10), and software (n = 9).
In terms of time frame of journal submission, two studies
were sent for review between December 2019 and March
2020, 17 studies between April and July 2020, 15 between

August andNovember 2020, and seven betweenDecember
2020 and April 2021. Table 1 summarizes the study charac-
teristics by domain.
Four of five studies included dental students as the sub-

jects as well as seven additional studies included instruc-
tors, administrative staff, and dentists. Of all, Zoom, as a
virtual platform, was used in 15 of the studies. The other
platforms used included Canvas (n = 3), Moodle (n = 3),
Microsoft Teams (n = 6), Blackboard (n = 1), Big Blue
Button (n = 1), FlipGrid (n = 1), Webex/Cisco (n = 1),
DenTeach (n = 1), Kobra simulator (n = 1), Echo60 (n =
1), Learning Management Space (n = 1), and Humanoid
robots (n = 1).

3.2 Domains

3.2.1 Assessment

Assessment is operationalized as summative techniques
used to understand students’ knowledge acquisition. Nine
articles were categorized in this domain, with each
study assessing students virtually.12–20 Three of the stud-
ies were related to objective structured clinical exam-
ination (OSCE), a case-based summative examination
used for clinical assessment.12,17,18 The remaining six arti-
cles focused on general online assessment, excluding the
OSCE.13–16,19,20
The OSCE assessment shifted to an online format

due to COVID-19 using Canvas, Moodle, and Zoom as
the virtual platforms to deliver assessments to dental
students.12,17,18 Overall, the OSCEs were implemented suc-
cessfully by determining competency through demonstra-
tion of knowledge.12,18 Additionally, students had an over-
all positive attitude toward the new assessment modality.17
Drawbacks included technical issues, lack of “hands-on”
activities, and image quality issues.12,17,18
In terms of general online assessment, studies employed

oral health interviewing, treatment planning, recorded lec-
tures, laboratory for anatomy assessment, case studies for a
periodontal senior clinical case challenge, instrumentation
assessment with video, and program exit exams.13–16,19,20
Zoom was primarily used as the virtual platform to deliver
the general online assessments along with Microsoft
Teams, Blackboard, Big Blue Button, and Flipgrid. Largely,
the general online assessments had positive outcomes,
and instructors felt students were given the opportunity
to demonstrate their knowledge.13,14,20 Nevertheless, chal-
lenges consisted of poor student attire and professional-
ism during exams, lack of in-person activities to increase
retention of material, multiple skill sets were hard to
assess, and Flipgrid was found to not be suitable for video
management.14–16,20
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F IGURE 1 PRISMA 2020 flow diagram for new systematic reviews, which included searches of databases and registers only.12 For more
information, visit: http://www.prisma-statement.org/

3.2.2 Instruction

For our study, instruction was defined as changes made
to the course design to facilitate new learning environ-
ments. Thirteen of the 41 articles were primarily related
to instruction.21–33 Four articles were dedicated to the
flipped classroom approach22–24,31; five articles were gen-
erally grouped for multi-faceted online instruction for-
matting and delivery;21,25,27,28,33 and four articles focused
on the return to in-person clinical and general dental
education.26,29,30,32
Flipped classrooms replaced traditional in-class lec-

ture with individual or group discussion-based activi-
ties to support online prerecorded lectures.34 The flipped
classroom approach in dental education was facilitated
through Zoom breakout rooms, virtual polls, Kahoot, Can-
vas, Webex, and the Moodle skills laboratory. Individual

or group discussion-based activities were held online with
instructors after prerecorded lectures were viewed by stu-
dents. Course topics included caries risk assessment, com-
munity health, periodontal recall visit, and a peer-based
teaching skills laboratory. Investigators reported that mov-
ing courses to a flipped classroom design was received
well by instructors and students due to the ease of use
with online modules and the pace of learning.22–24,31 For
example, according to Banava et al., 95% of students who
used Kahoot found it to be an interactive online teach-
ing strategy.22 However,many studies addressed barriers to
online instruction including Wi-Fi connectivity and a lack
of adequate online class time for reflection discussions.24
Regarding multifaceted online instruction formatting

and delivery, online modules were created to deliver
public health courses in rapid oral health deterioration
and early childhood oral health training.21,27,28 Tan et al.

http://www.prisma-statement.org/
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shifted instruction and demonstration of oral hygiene
instruction with dental hygiene students to a fully vir-
tual platform using manikin heads with real-time feed-
back from instructors.33 A statistically significant posi-
tive correlation was established between the online course
design for problem-solving and guided reflection with the
most important factor to students being feedback and
reflection.33 Moore et al. polled student satisfaction at
77% and identified Zoom as a preferred platform for vir-
tual learning.25 Yet, technical challengeswere encountered
such as difficulty interacting with students who did not
have their cameras on.28
The third area in this domain focused on returning to

in-person clinical and general dental education.26,29,30,32
In one study, radiology course material was front-loaded
online to lighten the in-person clinic requirements and
assist with completing the course requirements within
the semester.26 In another, curriculum committees met
using a think-pair-share activity to evaluate long-term
changes to the curriculum based on what had transpired
during the pandemic.30 Advantages included identifying
that fundamental topic knowledge can be successfully
delivered online, and videos can be used to help enable
online discussions.30 Lastly, a nontraditional addition to
the dental clinic coursework was diaphragmatic breath-
ing to help calm pandemic-related anxiety.29 The breath-
workwas led in huddles by instructors before patient treat-
ment. Instructors and students expressed benefits from the
calming effects and a more relaxed clinical environment
for patient care.29 One disadvantage was some instructors
were not as comfortable leading the breathwork due to
lack of confidence in the technique, but were willing to
learn.29

3.2.3 Instructional technology

We operationalized instructional technology as the vir-
tual platforms used for collaboration. In total, 10 stud-
ies met these criteria.35–44 Epidemix 2, robot-SIMROID,
Kobra Surgery simulator, and asynchronous e-learning
tools like Google Classroom, Microsoft Teams, YouTube,
and WhatsApp were used to deliver the interventions. E-
learning tools allowed students and instructors to engage
in “beyond the classroom” learning during the pandemic.
In Malaysia, free online resources, quizzes, discussion
forums, and assessments related to clinical and nonclini-
cal procedureswere posted onYouTube for a better student
understanding.35 In a study by Lee et al., before-during-
after strategies which included signing a test ethics pledge
before the exam, automated face tracking on Zoom, and
listing cheating behaviors along with their consequences
were implemented. These strategies helped to avoid cheat-

ing when using remote assessments.37 Postassessment stu-
dent surveys indicated that the face tracking technology,
Zoom monitoring, and random question sequencing were
perceived as effective ways to control cheating by 32%,
95%, and 67% of students, respectively.36 In another study,
Microsoft Teams helped facilitate the monthly oral and
maxillofacial surgery journal club, rotations in a simula-
tion clinic, and problem-based learning.43
In another study by Mansoor, enquiry-based learning

was implemented using Zoom.44 Ninety percent of the
dental students stated they found the remote educational
meetings beneficial.44 Over half of the dental students
agreed that distant education is better than the regular
delivery of their academic dental education, despite the
lack of face-to-face contact. A few barrier arose includ-
ing difficulty accessing the course material, navigating
the system, submitting assignments, and poor internet
connection.44
Buchbender et al.42 devised a pioneeringmethod for oral

surgery simulation using a Kobra Surgery Simulator. Over-
all, students showed less precise surgical skills than den-
tists, especially the younger group. The observations show
that computer surgical simulation cannot replace hands-
on training, but the Kobra simulator may provide more
clinical experience for students and may offer new oppor-
tunities for practical examination, offering benefits for the
instructors as well.42 In another study by Nishioka et al.,
a humanoid robot-SIMROID simulated as a patient was
utilized for the international students.41 This robot could
interact with students through movements, provide pain
feedback, and help students build communication skills
with patients. Overall, 97.7% of students revealed that SIM-
ROID was “effective in dental training” because of the
robot’s ability to mimic the patient response, open the
mouth realistically, and respond to any uncomfortable pro-
cedure. However, barriers include expense, lack of space,
maintenance, and only a few students were able to practice
at one time.

3.2.4 Software

The domain software was operationalized as the digital
programs and tools used to facilitate learning in new vir-
tual environments.45–53 In studies by Gali and Rath et al.,
Microsoft Paint, Pocket Paint, and Whiteboard were used
for teaching preclinical prosthodontics and periodontal
surgeries.46,49 In both studies, most of the students bene-
fited from this type of instruction using the noted software
platforms. However, instructors found it difficult to assess
the nonverbal responses of the nonparticipating students,
and the technical issues involved with creating and sub-
mitting quizzes and assignments.46,49
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First, Omar et al. used CAE Learning Space to link
each encounter of participants with patients and enable
the instructors to observe these encounters and provide
feedback.45 Using the online platform, they created oppor-
tunities for all students to complete the planned standard-
ized patient encounters. The feedback by students (n= 81)
was positive for the activity.45 In another study, students
in Serbia used a mobile dental simulator from their home
to simulate the procedure of maxillary infiltration and
inferior alveolar nerve block in a 3D environment, with
feedback.47 All respondents (100%) believed that the appli-
cation helped them understand the techniques of local
anesthesia.47 Next, the 3D Tooth Atlas app was used for
at-home waxing projects.48 A postsurvey revealed an over-
whelming preference for in-person instructors feedback
for waxing projects.49 In a study by Iwanaga et al., the
online virtual reality (VR) required a VR headset for lec-
tures to show the dental surgical procedures and related
anatomy in a VR Spatial workspace.51 Authors found VR
with a live communication tool could be an alternative
teaching method. However, data storage is limited, and
access to precise anatomical features posed challenges.51
Lastly, in a study by Patterson et al., a cloud-based

package, Mentimeter allowed presenters and recipients
to interact in real-time during a presentation by incor-
porating various formats of quiz questions and polling
queries.50 Knowledge attainment was high, and participat-
ing pediatric dentistry residents reported a positive learn-
ing experience.50

4 DISCUSSION

This is among the first scoping reviews of its kind to
examine dental education practices during COVID-19. We
sought to identify benefits and barriers to techniques as
well as determine best practices that can be incorporated in
dental education. This information can be used for coun-
tries still under the constraints of pandemic protocols, in
addition to determining which virtual practices can be
incorporated once traditional educational practices con-
tinue.
Although COVID-19 emergency guidelines required

dental education programs to shift to a virtual educa-
tion format, dental instructors rose to the challenge with
creativity and new pedagogical planning and delivery.
Instructors incorporated lectures, videos, and group dis-
cussions to engage critical thinking based on the patient
treatment being mindful of complying with guidelines
established by the American Dental Education Associa-
tion for remote learning during the pandemic.54 Many
dental and dental hygiene programs included workshops
and webinars incorporating formative and summative

assessments.55 The shift to online education was met by
using a platform like Zoom to hold synchronous and asyn-
chronous didactic coursework.2 Assessments were viewed
positively due to the ability to assess student compe-
tence using adapted course objectives. Instructors modi-
fied online instruction to include flipped classroom peda-
gogy and recorded lectures to facilitate new learning envi-
ronments during COVID-19. Providing students with pre-
recorded lectures in the flipped classroom format allowed
for more time for synchronous discussions with instruc-
tors. One unconventional instructional delivery included
diaphragmatic breathing to help decrease student’s anxiety
returning to clinic work during a pandemic which served
as a springboard to enrich relationships between commu-
nity, students, and instructors.29 The most successful vir-
tual platforms used for instruction collaboration included
Google Classroom, Microsoft Teams, and Zoom. Specific
software programs, such asCAELearning Space,Microsoft
Paint, Mentimeter, and VR, were used to facilitate learning
in new virtual environments.
Transitioning to fully online education using virtual

platforms was not without issues, as noted in another
review.8 First, studies found a general lack of the essen-
tial hands-on training for the dental professional, which
cannot be replicated in a virtual setting. Second, techni-
cal difficulties made online education especially challeng-
ing for instructors and students, and Wi-Fi connections
were consistently lost or interrupted. Third, time manage-
ment during synchronous online coursework was difficult
tomanage, and instructors found it difficult to fully engage
students in discussion or reflection. Last, there was a lack
of perceived interaction between instructors and students
when students did not turn on video cameras.
Finally, several best practice recommendations are pro-

vided for dental schools and programs to consider if inter-
ested in pursuing virtual and distance learning. First, the
OSCE could be used for clinical exercises and “real-life”
clinical cases, and online assessment. Second, student pre-
sentations and simulation demonstrations held virtually
can be effective tools for evaluation and reflection. Third,
consider implementing the flipped classroom approach for
courses with lecture heavy material, which will allow for
more peer-to-peer interaction to foster critical thinking
through group work. Fourth, continue training instruc-
tors to establish best online practices and ensure engag-
ing educational experiences for students. Fifth, incorpo-
rate online platforms for practical patient encounters to
enhance dental students’ communication skills. Sixth, cre-
ate and implement interactive learning approaches to
overcome student passivity. Seventh, mobile applications
can successfully be used with conventional learning to
teach specific dental techniques. Finally, for online learn-
ing, create pre-, mid-, and postcourse evaluations to rate
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TABLE 2 Best practices summary by domain

Domain
Promising strategies for
virtual dental education Merits Demerits

Assessment Objective structured clinical
examination (OSCE)

Students had a positive attitude
toward the exam

Lack of hands-on activity,
technical and time
management issues, picture
clarity/quality issues

Online assessments Accepted by all Other skill sets not assessed,
minor technological issues

Recorded lectures Help students understand the
written materials

Poor attire and professionalism
during recorded patient
encounter, lack of in-person
and active dissections

Instruction Flipped classroom technique Easy to use Less discussion time,
connectivity issues

Virtual early childhood oral
health training program
(EChOTrain)

Effective in teaching course
content

Technical issues, less interaction
between students and faculties

Think-pair-share activity on a
virtual curricular retreat

Fundamental content can be
taught

None were noted

Diaphragmatic breathing/deep
breathing

Lowering anxiety in students Instructors lacked confidence in
teaching breathing exercise

Instructional
technology

Asynchronous learning tools:
Google Classroom, YouTube,
and WhatsApp

Freely available Internet issues, navigating,
accessing course, and
assignment submission issues

Microsoft Teams in simulation
clinics and for problem-based
learning

Development of critical skills Internet issues

SIMROID-robot Robot effective in mimicking a
patient

High cost and maintenance, time
consuming, can be used by one
person at a time, need special
areas for installation

Software Microsoft Paint and Pocket Paint
mobile apps

Enabled understanding of course
content, made students feel
confident

Technical issues, difficulty in
assessing nonverbal responses

Three-dimension (3D) virtual
reality

Images can be easily viewed as
compared to other apps

Limited data can be uploaded

student learning and engagement, especially given the
known challenges of knowledge attainment in a virtual set-
ting. These have also been outlined in Table 2.

5 LIMITATIONS

Our findings must be interpreted in the context of the
following limitations. First, although exhaustive search
methods were used to eliminate any potential bias, it is
possible that not all quantitative studies were identified.
Second, the primary articles used a variety of experimental
and quasi-experimental designs, and reported numerous
outcomes, limiting the potential for a meta-analysis. Fur-
thermore, the sample characteristics were omitted from

several of the reviewed studies, potentially influencing the
generalizability of the findings to other contexts. Despite
an extensive search, a publication bias could also be pos-
sible due to the omission of nontraditional or unpub-
lished literature. Many studies focused more on proof of
concept than employing a rigorous experimental design
given the fast-changing nature of the pandemic and need
for virtual education platform. For this reason, important
study details were missing from primary articles, limit-
ing our ability to perform a formal assessment of bias.
Furthermore, as only one study took place in a dental
hygiene program, more evidence is needed in areas of den-
tal hygiene and dental assisting. Finally, studies lacked
important comparative outcomes, such as grades, perti-
nent to student academic performance.
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6 CONCLUSION

Dental education halted with the emergence of COVID-
19, and instructors across the world transitioned from tra-
ditional way of students working in clinical laboratories
to fully online education. A review of dental education
practices since the start of pandemic will help to under-
stand nontraditional approaches instructors have taken to
provide dental education during this unprecedented time
to establish recommendations for best practices going for-
ward. Future work should be done to validate novel teach-
ing methods in online dental education with virtual plat-
forms using a more robust design. It is advisable to con-
sider publications outside of dental such as medical and
nursing to enhance future discussion. Studies should also
seek to compare traditional versus virtual education by
student grades. In addition, increased representation from
dental hygiene and dental assisting programs is needed to
broaden the scope of virtual dental education. In summary,
the COVID-19 pandemic was a challenging period in den-
tal education for instructors and students. Despite the chal-
lenges, our scoping review illuminated emerging best prac-
tices in dental education duringCOVID-19 and recommen-
dations for the future of virtual and distance learning in
dental education in postpandemic times.
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