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The Impact of COVID-19 Pandemic on Orthopedic Resident
Training Programs: A Systematic Review
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COVID-19 has severely affected health-care services and training throughout the world. This systematic review aimed to evaluate the impact
of COVID-19 on orthopedic resident education and training programs globally. A comprehensive literature search was performed on PubMed
and Google Scholar, including articles published until September 2020. Studies on orthopedic residents, published in English, including
in-rotation or out-rotation orthopedic residents were included, whereas studies with non-orthopedic residents or trainees or non-resident
program affiliations were excluded. Of the 178 articles fetched for this systematic review, 7 were included in the present systematic review
and analyzed according to the PRISMA guidelines. The use of online learning varied from 86.0% to 34.9%. The impacts on orthopedic
residents included impaired surgical and/or clinical training, concerns about annual training goals, anticipated need for an additional year for
training, cancelation of teaching and study leaves, problems in completing a dissertation, increased difficulty in recruiting new patients for
research, and mental health-related concerns. COVID-19 infection has significantly affected the education and training programs of orthopedic
residents. Web-based learning should be updated according to the requirements of residents. Developing and incorporating technologies in the
training programs, such as distance learning, virtual meeting platforms, virtual and augmented reality, and simulation-based learning, should
be encouraged. Conducting virtual conferences, meetings, and courses should be promoted. Reducing stress and anxiety in the residents with
mock tests before virtual examinations and improving interpersonal communication should be of prime importance; examinations should be
conducted on time with the necessary precautions in order not to prolong the residency tenure.
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been deployed on rotations to fields other than their expertise.
Health-care education has received a major change in these
times, and students face difficulties in receiving education, as
well as training due to limited clinical and surgical exposure,
primarily due to decreased inpatient and outpatient activities.”!

INTRODUCTION

In March 2020, COVID-19 was declared a pandemic by the
World Health Organization. Since then, as of April 2021,
over 120 million cases have been reported worldwide.
Countries throughout the world have raised the highest level

of crisis alerts and adopted diverse measures to actively and
quickly deal with the infection and minimize its impact.
These approaches involve reducing the transmission rate
by following social distancing measures and increasing the
inpatient preparedness and capacity in hospitals. Nevertheless,
this rapidly evolving emergency situation has overwhelmed the
health-care system, which is facing several challenges, such as
insufficient manpower and resources, as well as placing risk of
infection on frontline health-care staff. All medical specialties
have been affected in different ways. In most countries, elective
surgeries have been limited, and only essential procedures
are being considered. Moreover, surgeons and residents have
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The orthopedic practice has also been severely affected by the
current situation. On a regular day before the pandemic, the
orthopedic resident training typically involves patient visits,
surgeries, research, and seminars. However, in the present
situation, orthopedic case volume has massively dropped, and
nonurgent surgeries and consultations are being postponed
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or canceled to minimize virus spread. Furthermore, national
and international orthopedic training, conferences, and
workshops have been postponed, canceled, or the format has
been changed to online. In response to the present situation,
most of the teaching centers and hospitals worldwide have
adopted the web-based teaching and learning model to continue
the education and training of orthopedic residents.?! There
has been a paradigm shift from problem-based learning to
virtual learning.”! While the advantages of e-learning are
well established, like providing easy access to information
and helping share information for a broad array of relevant
information, its effectiveness and acceptability for orthopedic
education and training in the present scenario is unclear.
Furthermore, since this education model has abruptly arrived,
its impact on orthopedic residency programs is yet to be
fully evaluated. This issue has been highlighted in several
health-care fields; however, its effect on worldwide orthopedic
education and training is unclear. Therefore, this systematic
review aimed to assess the impact of COVID-19 pandemic
on orthopedic resident education and training programs in
different regions. The results of this systematic review would
help identify the strength and weaknesses of orthopedic
education and training programs and help improvise this form
of training for future orthopedic surgeries.

MATERIALS AND METHODS

Search strategy and selection criteria

A targeted literature search was performed on PubMed and
Google Scholar, including articles published till September
2020. The following keywords were used for literature
search: “Coronavirus,” “COVID,” “SARS-CoV-2,” “Severe
acute respiratory syndrome coronavirus 2,” “2019nCov,”
“HCoV-19,” “orthoped*,” “musculoskeletal,” “educat*,”
“train*,” “curriculum,” “impact,” and “effect.” The references
of relevant articles were manually searched for additional
studies. The inclusion criteria were orthopedic residents,
who graduated from a medical college and enrolled to a
residency training program in orthopedic surgery, articles
published in English, hospital or home setting, and orthopedic
residents in-rotation (in an orthopedic specialty rotation) or
out-rotation (orthopedic residents in nonorthopedic specialty
program rotation, e.g., intensive care unit (ICU), plastic
surgery, neurosurgery, and general surgery). The exclusion
criteria were interns (or 1¥-year postgraduates in the USA),
nonorthopedic residents or trainees, board holders (finished
residency), nonresident program affiliations (e.g., volunteers,
in-service, and temps), consultants, registrars, and senior
officers. Moreover, since the primary objective was measuring
the impact of COVID-19 on the training of orthopedic
residents, articles such as letters to the editor, perspectives,
and reviews were excluded.

Risk of bias in individual studies
All the included studies were assessed for quality and risk
of bias using the Joanna Briggs Institute Critical Appraisal

Checklist for analytical cross-sectional studies.” The checklist
uses eight components to evaluate the studies. Each component
was rated as “yes,” “no,” “unclear,” or “not applicable” by
two researchers independently. All discordant ratings were
resolved by discussion within the study team. The risk of
bias is classified as high (1-3 yes), moderate (4-6 yes), or

low (7-8 yes).

Data extraction

Data comprising author information, publication year, country
of the population studied, sample size, sample characteristics,
assessment tools, and scores were evaluated.

RESULTS

Study selection

Overall, 163 studies were initially fetched using electronic
databases, and additionally, 15 studies were identified after
manual search. After duplicate removal, the titles and abstracts
of 126 studies were screened for eligibility, of which 94 studies
were excluded. The full text of 32 articles was screened for
the inclusion and exclusion criteria. Finally, 7 studies were
included in the systematic review. Figure 1 demonstrates the
PRISMA flowchart for the study selection.

Study characteristics

Table 1 presents the main findings of the 7 articles included
in the present systematic review. Three studies included
orthopedic residents from India, and one study was each
from South Korea, Chile, UK, and Europe. The studies
incorporated a broad range of teaching and evaluation
strategies.!*!?) Data from surgeons and residents were collected
as surveys and questionnaires. Furthermore, the examination
strategies were assessed in two studies. Three studies reported
following online-based learning, including webinars, online
presentations, and/or tests. However, one study following the
virtual examination pattern reported high satisfaction scores
in both examiner and examinee groups. Moreover, one study
also reported mental health-related concerns in the orthopedic
residents.

Table 2 depicts the summary assessment of the risk of
bias across the included studies. The risk of bias was high,
moderate, and low for 2, 4, and 1 studt, respectively.

Operative impact

The impacts on orthopedic residents included impaired
surgical and/or clinical training, concerns about annual
training goals, anticipated need for an additional year for
training, cancelation of teaching and study leaves, problems
in completing dissertation, no clinical case discussions being
held presently, and increased difficulty in recruiting new
patients for research. The majority of participants (84.5%) in
one study reported a substantial decrease in their basic skillsets
for common orthopedic procedures, such as skin and skeletal
traction application, local and intra-articular injections, cast
application, and wound dressing. This was reflected in a feeling
of lack of competency in the residents. In one study, 5.4%
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Figure 1: PRISMA flowchart for the study
Table 1: Study characteristics
Author Country Sample Sample Assessment  Scores
size  characteristics tool
Barik et al., India 158 Junior and Online Increased difficulty in recruiting new patients for research (48.9%) and
20201 senior residents  questionnaire conducting prospective research (48.7%); online-based learning process
was reported to be easier (44.2%)
Chang et al., South 229 Residents Online Significantly decreased education times for lecture and clinical case
2020171 Korea questionnaire discussion. Use of traditional teaching methods decreased; online-based
teaching methods were used; significantly lower satisfaction level with
online-based teaching methods
Figueroa et al., Chile 100 Residents Survey Online education used by 86.0% (86.0%, involved in webinars;
20201 28.0% received online presentations; 12.0% participated in online
tests; and 7.0% had evaluated patients. Webinars were rated (1 = very
unsatisfactory, 10 = very satisfactory) with a mean grade of 8.1 (1-10),
online presentations 7.3 (1-10), online tests 3.8 (1-8), and online
patient evaluations 2.9 (1-9). After pandemic is over, 82.0% would
continue attending webinars, 72.0% would continue watching online
presentations, 27.0% would continue performing online tests, and 33.0%
of the residents would continue performing online evaluations of patients
Khan ez al., UK 202 Surgeons Electronic 67.0% reported teaching and study leave canceled; 69.0% felt the pandemic
2020 survey would result in a delay to completion of registrar training programs
Malhotra et al., India NR Residents Questionnaire Mean overall satisfaction with virtual pattern: examiner group (4.5/5),
2020 examinee group (4.1/5). Higher scores reported for safety of the
examination, relevance, and quality of the virtual cases. Mean total
feedback score: examiner group (48/50), examinee group (43.4/50)
Megaloikonomos  Europe 327 Trainees Survey Faculty-led education was restricted: 52.1%, pursued self-guided
et al., 20201 learning: 46.3%, surgical training was significantly impaired: 58.6%,
concerns about achieving annual training goals: 58.2%, anticipated the
need for an additional year of training: 25.0%
Upadhyaya India 138 Postgraduate Cross-sectional ~ 65.1% stated that no clinical classes are being held presently; 94.0%
202002 students survey confirmed that COVID-19 has affected their surgical and clinical

training; 71.6% had problems in completing their dissertations; 96.0%
had concerns about mental health
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Table 2: Summary assessment of the risk of bias across included studies

Evaluation criteria Barik Chang Figueroa Khan Malhotra Megaloikonomos Upadhyaya
etal. etal. etal. etal. etal. etal. etal.

Were the criteria for inclusion in the Yes Yes Yes Yes Yes Yes Yes

sample clearly defined?

Were the study subjects and the Yes Yes Yes Yes Yes Yes Yes

setting described in detail?

Was the exposure measured in a Yes Yes Unclear Yes No Yes Yes

valid and reliable way?

Were objective, standard criteria Unclear Unclear Unclear No No Unclear Yes

used for measurement of the

condition?

Were confounding factors identified? No Yes No No Yes Yes Yes

Were strategies to deal with No No No No No Yes No

confounding factors stated?

Were the outcomes measured in a Yes Yes Yes Yes No No Yes

valid and reliable way?

Was appropriate statistical analysis No Yes No No No No Yes

used?

Total score 4 6 3 4 3 5 7

Classification Moderate Moderate High risk Moderate High risk Moderate risk Low risk
risk risk risk

of respondents suggested continued surgical practices in the
orthopedic department, and 57.1% reported the occurrence of
only emergency procedures.!!!

Nonoperative impact

Only a small fraction of the respondents (24.5%) could
complete their dissertations, which was attributable to no
hospital visits, changes in work schedule, redeployment to
other places, as well as decreased surgeries, OPD cases, and
new patients. One study reported concerns in annual target
achievements in 58.2% of participants. Of these, achieving
the desired practical skills and completing the logbook
were major concerns, followed by the final examination’s
uncertainty. Most of the postgraduate students in 1 (71.5%)
study were redeployed to nonorthopedic departments, with
COVID-19 patients as well as noninfected patients.!'?! Another
study reported that 7.0% and 18.0% of young arthroplasty
surgeons were redeployed to ICU and non-ICU/emergency
units, respectively.!'*!

Impact on education

Overall, 86.0% to 34.9% of residents confirmed that their
programs were using online education, including webinars,
online presentations, and/or tests. While web-based learning
was found to be easier by 44.2% of participants in one study,
another one reported low satisfaction levels with the same.!”!
One study reported webinars and online presentations to be
satisfactory, whereas online tests and patient evaluations were
reported unsatisfactory.

Assessment of the impact of COVID-19 on teaching showed
that, during the pandemic, complete disruption of clinical
teaching was reported by most of the respondents (65.8%),
whereas 2-3 times a week and once a week classes were
reported by 9.4% and 23.9% of respondents, respectively.

Another study reported a lack of clinical teaching (96.0%)
and case presentations (91.0%), thus having a significantly
negative impact on course completion. One study reported
the impact on surgical education with reduced preoperative
planning (49.2%), operation execution (58.6%), and
postoperative care sessions (46.7%). Furthermore, bedside
clinical education was impaired (56.0%), but remote clinical
learning improved (55.3%). Examination strategies were
assessed in two studies. One study suggested that following the
virtual examination pattern had high satisfaction scores in both
examiner and examinee groups. The other study reported that
interface-based viva voce was difficult for 45.8% of residents,
whereas multiple-choice questions or objective-structured
clinical and practical examination (OSCE and ODSE) were
well accepted.

Impact on mental health and well-being

The impact of COVID-19 on the mental health of the residents
was also evaluated. One study reported 96.0% of orthopedic
residents to be stressed in COVID-19 pandemic times. The
major contributors to the stress and anxiety included surgical
training period loss, fear of COVID-19 infection, staying away
from family, possible infection spread to coworkers, and less
confidence in surgical skills.['”

DiScuUSSION

The present systematic review evaluated the challenges faced
by orthopedic residents due to COVID-19 pandemic. These
challenges were evident as redeployment of orthopedic
residents to different departments that contributed to disrupted
training due to decreased clinical and surgical practice, as well
as and incorporation of web-based learning and examination
strategies.
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Challenges with orthopedic training

Redeployment of orthopedic residents addressed urgent
health-care support requirement; however, it disrupted the
education plans. Disrupted training was a major finding in
all studies, primarily resulting from a dramatic fall in the
surgical volume and surgery nature. Since clinical and surgical
practice is a vital part of the orthopedic training curriculum, its
disruption had profound effects, especially in the development
of surgical skills.

The profound impact of the pandemic on trauma and orthopedic
training has been linked with decreased operative exposure,
cancelation of courses and examinations, and modifications
in annual appraisals and specialty recruitments.!'* Other
medical fields have also reported similar effects, and 84.5% of
respondents in a study reported disruption of gastroenterology
training due to the COVID-19 situation, which resulted in
a major training gap and a substantial decrease in specialty
training activities.["! Studies in the neurosurgery and
urology field have also reported a significant decrease in
the exposure of residents to patients.['%!”] The assessment of
insights of residents showed fear of not reaching the desired
goals in many respondents. This was primarily attributable
to inadequate practical and surgical skills. The perspective
of the training period not being utilized and the suspension
of final assessment examinations was also reported in some
respondents. This led to the development of a popular belief
that the resident might require an additional year to complete
the training. Several previous studies have also reported this
fear. Culp et al."¥ reported the feeling of inadequate training
in several arthroplasty surgeons, with a lack of confidence to
establish a career. Another study by Ramos et al.!" reported an
almost 3-month loss of elective surgery experience in fellows
receiving spine surgery training. The increased off-service
time with the residents did not directly reflect in increased
research activity during the pandemic since the results were
mixed, with 36.1% of respondents of one study postulating
a decrease in research and 27.1% suggesting an increase.'!]
Nearly half of the participants in one study reported increased
difficulty recruiting patients for research and conducting
prospective research. Conversely, other studies have reported
an increase in the research activity during times.['”7 A
study on orthopedic surgeons in Saudi Arabia has reported
good knowledge, attitude, and practice toward COVID-19
pandemic.!"”!

Training and education of orthopedic residents should
follow a strategic approach involving improved coordination
between the trainer and trainee to manage the workload
and improvise the virtual training. Following telemedicine
program is highly recommended for health-care centers
for judicious use of resources and minimal virus exposure.
The effectiveness of the 5-day telemedicine program was
evaluated by Loeb et al.,?” who focused on patient triage,
technological requirements, credentialing, educating the
health-care staff and patients, scheduling appointments,
and regulatory requirements. Following a methodological

approach by focusing on the key factors was suggested to
achieve approximately 50.0% of the typical clinical volume in
2 weeks. Virtual training is likely to play a bigger role in the
future; training programs should incorporate unique and novel
methods to improvise e-learning. The American Association of
Hip and Knee Surgeons (AAHKS) has put forth the Fellows
Online COVID-19 AAHKS Learning initiative has suggested a
collaborative approach to amplify the virtual lectures to make
them available for all in the USA. However, its desired results
require further cultivation and improved implementation
of this approach.P! Videos of virtual surgical practices
could be performed using an interactive screen to improve
participation and understanding of the residents. Developing
and incorporating technologies in the training program, such
as distance learning, virtual meeting platforms, virtual and
augmented reality, and simulation-based learning, should be
encouraged.?! A study by Hedman and Tsai??! has suggested
a wide applications of virtual and simulated surgical training
in helping the residents achieve better competence. This can
help in maintaining the acquired skills and prevent skill decay.
Psychomotor training coupled with 3D visualization can help
the residents practice simulated surgical tasks. Therefore,
attempts to improve the surgical skills outside the operating
room should be the focus. Conducting virtual conferences,
meetings, and courses should be encouraged.

Challenges with online learning

The education method was majorly changed, and a decline in
teaching time, as well as traditional teaching methods, was
reported in all the studies, and web-based virtual training was
incorporated at all the centers. While the incorporation of
webinars and online presentations was successfully adopted,
high levels of dissatisfaction were reported for patient
evaluations. Nevertheless, the residents also reported issues
with work overload and scheduling due to the handling multiple
activities such as webinars, lectures, and presentations.

In a survey of urological program, 48.0% of respondents
reported a negative effect of COVID-19 on urological
training-related didactics and that video conferencing
was widely incorporated and was to be continued in the
postpandemic educational program as well.?3 The literature
regarding conducting end of training examinations for
orthopedic residents was limited. In some countries, the final
examination pattern is followed to evaluate the training of
residents. One study comprehensively assessed different virtual
examination styles and found most of them to be satisfactory
for both examiners and examinees, except orthopedic physical
examination and patient communication.!'” Trainers have also
faced several challenges, especially in preparing the training
materials. Due to unexpected circumstances, the quality of
education has suffered, especially since most of the training
material relies on freely accessible videos and images on the
internet. This could limit the choice of education material for
the trainer; therefore, the residents may already be familiar
with the online material.l'"!
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These findings are important for several reasons. First,
web-based learning cannot completely substitute the core
surgical training imparted in operation theatres. Second, it
provides a promising opportunity to implement web-based
learning with advanced technologies for training the
residents. Third, it makes teaching accessible globally
without travel, so residents could attend teaching activities
outside their region or even country, as this became the new
norm. Examinations should be conducted on time with the
necessary precautions, so that the residency tenure is not
prolonged, or at least shorten the prolongation period if it
was deemed extremely necessary.

Challenges with mental health

Uncertainty regarding the pandemic period was shown to affect
the mental well-being of orthopedic residents, and the majority
of the respondents had concerns regarding loss of surgical
training and the risk of infection during work. In a systematic
review, Hope et al. reported increased stress in 54.9% to 91.6%
of trainees.? Mild-to-severe anxiety in medical students
during COVID-19 pandemic was also reported in other studies,
which reduced after online learning.!”

Therefore, institutions should be aware of potential mental
health-related challenges in orthopedic residents and include
counseling sessions to improve mental health and well-being.
Furthermore, reducing stress and anxiety in the residents
with mock tests before virtual examinations and improving
interpersonal communication should be of prime importance.

Nevertheless, the introduction of online education was
beneficial to residents in some studies helping them learn new
skills that they would not learn otherwise, such as dealing
with a major pandemic, working under extreme stress, and
planning for these. These dire circumstances also resulted
in a major change in the online activity that would not have
been done otherwise. In these unprecedented times, the
mentor—student relationship has changed, with more support
from mentors to increase residents’ confidence in treating
patients. Collaborations between health-care professionals
and policymakers are required to resume clinical activities
and surgeries, depending on the region. Redeployment of
orthopedic residents to unfamiliar specialties could be seen as
a time to adapt to surroundings, as they change.[?%27

The present systematic review had a few limitations. First,
literature regarding the impact of COVID-19 on orthopedic
training was scarce; therefore, only limited studies could be
included. Furthermore, since the studies were from different
countries, variations were observed in severity levels, which
were reflected in the differences in strategies adopted by
the different health-care centers. Furthermore, since most
of the surveys included in this systematic review included
multiple-choice questions, some nuances could be missed.
Furthermore, the response rate in some studies was very low,
thus affecting the generalizability of the results.

CONCLUSION

COVID-19 infection significantly affected the training and
education programs for orthopedic residents. Negative impacts
were not only limited to surgical and clinical experience but
also to online education and mental health. Many residents
were deployed to nonorthopedic units. In addition, a reduction
in surgical volume disrupted the training, causing anxiety.
Web-based learning was successfully adopted in most of
the centers; however, work overload due to webinars and
presentations was seen.

Recommendation

The following recommendations and solutions could be
included to address the challenges faced by orthopedic
residents. Web-based learning should be updated and
customized for improved integration with the curriculum
according to the requirements of residents. Developing and
incorporating technologies in the training programs, such
as distance learning, virtual meeting platforms, virtual and
augmented reality, and simulation-based learning, should be
encouraged. Conducting virtual conferences, meetings, and

courses should be promoted; However, in the near future, national
and international scientific societies will hold fewer conferences

and more practical courses. With online sessions, groups from
different cities or even countries could get teaching at the
same time without the cost of travel. Telemedicine and virtual
training sessions should be followed to improve the clinical and
surgical skills of the residents. Reducing stress and anxiety in
the residents with mock tests before virtual examinations and
improving interpersonal communication should be of prime
importance; examinations should be conducted on time with
the necessary precautions in order not to prolong the residency
tenure.
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